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INTRODUCTION

This document is a first step of a series of tutorials which explain the use of
PVsyst Version 6, and may be understood as a PVsyst user's manual. It contains
three different tutorials describing the basic aspects of the simulation:

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

More tutorials are in preparation and will be added in the future. They will
explain in more detail the different features of PVsyst. The complete reference
manual for PVsyst is the online help, which is accessible from the program
through the “Help” entries in the menus, by pressing the F1 key or by clicking
on the help icons Z inside the windows and dialogs.
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Part 1: BASIC APPROACH: MY FIRST PROJECT

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

™
PVsyst V6.04 - PREMIUM - Phatovoltaic Systems Software [EEREERS

o Files Preferences Language Licence Help

Choose a section Content

Full-featured study and analysis of a
project.

- Accurate system yield computed
using detailed hourly simulations

- Different simulation variants can be
performed and compared

- Horizon shadings, and 3D tool for
near shadings effects study,

- Detailed losses analysis,

- Economic evaluation performed with
real component prices.

Preliminary design

Project design

Databases

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

“Preliminary design” provides a quick evaluation of the potentials and possible constraints of a project
in a given situation. This is very useful for the pre-sizing of Stand-alone and Pumping systems. For grid-
connected systems, it is just an instrument for architects to get a quick evaluation of the PV potential of
a building. The accuracy of this tool is limited and not intended to be used in reports for your customers.

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

“Databases” includes the climatic data management which consists of monthly and hourly data,
synthetic generation of hourly values and importing external data. The databases contain also the
definitions of all the components involved in the PV installations like modules, inverters, batteries, etc.

“Tools” provides some additional tools to quickly estimate and visualize the behavior of a solar
installation. It also contains a dedicated set of tools that allows measured data of existing solar
installations to be imported for a close comparison to the simulation.

2- Full study of a sample project

Project specifications and general procedure
For an introduction to the development of a project design in PVsyst, we will walk through a full project
step-by-step. As an example we will consider a farm located in France close to Marseille. The building in
question is shown on the following sketch:
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35m

35m

Elévation : Pente toiture 25° /\

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

The roof of the farm is facing south and we intend to cover it on an area of about 5m x 25 m = 125 m?
with mono-crystalline PV modules.

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

- — ™
PVsyst V6.04 - PREMIUM - Phatovoltaic Systems Software ﬁ I l _ [E=REER

@ Files Preferences Language Licence Help

Choose a section Content

Preliminary design

System

Pre-sizing step of a project, after few

clics, without real components. Grid-Ci ected
- First evaluation of the system's and
component's sizes,

- System yield quick evaluations
performed using monthly values,

Stand alone
Please do not use these gross
estimations for a presentation to your
customer |
Pumping

DC Grid

_— e S

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



d

,

Project's designation

The Project includes mainly the geoaraphic SITE definition, and the associated METED hourly file 2
Project’s name |Fa"“ at Marseille Date |24.03.2013 -

[ Mew project

Please define the geographical site and meteo !
‘ & Load project Preferences

24 Site and Meteo 5 Albedo - setings

L

System Vanant (calculation version)

Wariant n* | Mew simulation variant ﬂ [y New variant l

Simulation and results

Input parameters

M andatary Optional

[ Net metering
2]

|5 st |
| Erews |
B s i
B

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

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

Each System Variant contains all the detailed definitions of your system, which will result in a simulation
calculation. These definitions include the choice of solar panels and inverters, the number of panels and
inverters, geometrical layout and possible shadings, electrical connections, different economic
scenarios, etc. In the database, the files with the Variants of a project will have the Project's file name,
with extensions VCO, VC1, VCA, etc. You can define up to 36 Variants per project.

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

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

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

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



Tips - Help

In PVsyst, you can always get to the context Help by pressing F1. Sometimes you will also see little
orange question mark buttons (21. Clicking on them will lead to more detailed information on the topic in
the Help section.

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

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

Then click on “Site and Meteo”.

Geographical Location and Meteo

Country France j Site  |Marseile Marignane Metealom 6.1 slat\orj & Open

Ieteo File

FR_Marseile_Marignane. M arseille M arighane tdeteoMorm B.1 staticSynthetic  Okm j \-IJ: Open

g Special actions
<¢- Show all available meteos 1
Meteo Site =» Project Site Copy |

Praoject Site =>
Synthetic meteo filz M

X Cancel OK o

You can either choose a site from the built-in database, which holds around 1,200 sites from
Meteonorm, or you can define a new site that can be located anywhere on the globe. Please refer to the
tutorial “Meteorological Data management" if you want to create or import a site other than those
available in the database.

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

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

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

In the project dashboard you can click on the button "Albedo - Settings" which will give you access to
the common project parameters, namely the albedo values, the design conditions and design
limitations.
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Project's parameter: Albedo for the project’s situatit ﬂ
Albedo I Design CDHd\lIDI’\S] Other Ilmwtahnns}
Albedo values ﬂ Usual values for albedo
Urban situation 014-022 I
Monthly values Grass D15-025 i
Jan. (020 Julw |0.20 Fresh Grass 0.28 l
Fresh show nsz
Feb. |020  Aug. [0.20 Set 2 common value Palfeh s 055-075 i
Mar. |0.200  Sep. [0.20 Dy asphalt 0.09-015
Common walue  |{0.20 et asphal 018 i
Apr 020 Oct (020 . 0.25-0735 i
May |0.20 Mov. |0.20 [Default: albeda = 0.2) Fied tiles 033
Alurniriiurn 0.5
dune |0.20 Dec. 020 J Set Mew galvanised steel 035 I
“Wery dity galavanised stee  0.08
i
‘ X Cancel | o 0K ‘ I

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

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

Project's parameter: Albedo for the project’s situatios ﬂ

Albedo  Design conditions IUther limitations |

Site-dependent Design parameters

D efault
Reference temperatures i Lower temperature for Absolute Yaoltage limit |-10 T W
for array design by
respect to the inverter “Winter operating temperature for Ympph ax design |20 T ¥ I
input voltages
H g Usual operating temperature under 1000 % /m |50 T W i
Summer operating temperature for Vmpphin design |60 T l
Other design Parameters i
Array Max. voltage i
v L b Limit overload loss for desian |30 % | I

¢ |EC (usuallp 1000 %]
UL (usually B00Y)
muYoc value I

" Fram one-diade madel

" From specification I

x Cancel ¢ 0K ‘ I

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

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



3- Saving the Project

When you are finished (i.e. you have gone to the Variant choices), you will be prompted to save the
definitions of your project. The dialog that comes up allows you to rename the project. We recommend

that you use a simple filename, since it will be used as a label for all the Variants.

- - -

Descriptiors
’7 Farm at Marssile |

File name IMarseiI\e_T utorial

Directary D:\Pvspst_Dev\PhzpstBhBin\PY spsth_DatahProjects

A ewo ombrages. FRJ
BALA_Project. FRJ
Albuquerque_Sunpawer PRJ
Bourget_du_Lac.FRJ
Canbena_SouthHemisphere. PRJ
Cazsiz centrale exemple.PRJ

G andhinagar_Project. PRJ

X Carcel

Geneve TPGDEMO.PRY
Heliod3D_Sevilla.FRJ
aiba_CEl central PRJ

Save

Hemzalem_Tracking.PRJ
Lauzanne_Project. PRJ
t4 alesbury_Meteocantial_Project. PRJ

Modulelavout Ajaccio PR

Creating the first (basic) variant for this project

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

modules and the type and number of inverters that will be used.

—Project's designation

The Froject includes mainly the geographic SITE definition, and the associated METED hourly file

N

d Project at G Cointrin

Project's name Iﬁlid-l:

[ Mew project |

Date

= Load project

2310203

=]

ﬁ_ Delete project

te and Meteo

ﬁ Albedn - zettings |

- System Yariant (calculation version)

‘ariant n* Mew simulation variant

nput p

 Mandatar:

@ Orientation

@ System

Detailed loszes

[~ Met metering

N

~Optionat—————

[ Mew variant

5 Create from

@ Huarizan

@ MNear Shadings

and results

Simulation

I Hesults

G Module layout
@ Economic eval.

@ Miscellaneous tools

Save variant

+1 Delete variart

I Exit




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

-
Orientation, Variant "New simulation variant® A | e e

Field type [Fixed Tiltec! Plane -]

q Field Parameters
Plane Tit [350 ="
Azimuth [P0 EC

Tilt 25° Azimuth 20°

West East

-

Yearly meteo yield

South

Optimization by respact to Transposition Factor FT 115 I
Loss By Respect To Optimum -2.2%
Global on collector plane 1816 kW h/m?

% Shaow Optimisation

x Cancel ‘ (1] \/ ‘

* “Yearly iradiation yield
" Summer [Apr-Sep)
" winter [Dct-Mar)

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

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

Presizing Help

From the system description, we remember that we have an available area of around 125 m2. It is not
mandatory to define a value here, but doing so will simplify our first approach as it will allow PVsyst to
propose a suitable configuration.
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Select a PV module

Choose a PV module in the database. Among "All modules", select "Generic" as manufacturer and select

the 110 W model. In the bottom right part of the dialog PVsyst will display a hint for choosing the
inverter: "Please choose the Inverter model, the total power should be 13.2 kW or more."

Global System

2l

|1 jl MNumber of kinds of sub-arrays

Grid system definition, Variant “Mew simulation variant” EE

ig Global system
Mb. of modules
Module area

¥ Simpliied Schema | b, of inverters

¥

1

0 mé

1

Naminal P4 Power

Maminal AC Power

M asimum FY Power

01 kwp
01 kiwide
30 kKwac

P,

Homogeneous System |

Presizing Help
’7(" Mo Sizing

Enter planned power  |15.3 khp.

. or avallable area % [126 E

tod! in s=res |1

Mbre stings |1 j I between 27 and 37,

Yrpp [20°C) 35

= ¥ orily possibilty 1
= o [-0°C) LERY

N N ——
Sele
——
Al modules | Sort modules = Power " Technalogy
Generic LI l B Open
aximum nb. af modu T = 1 RN = N L e Y A
Yoo [10°C] 487 %
~Select the i
e.ec = ¥ BOHz
IA" inverters ‘I Sort inverters by, Power 1~ Yoltage [max] ¥ E0Hz
IGenEric j I _vl Open |
Mumber of inverters |1 jl - Operating Yoltage: 300-600 Global Inverter's power 0 kwac
¢ Main input [ Secondary [nput maximum voltage: (L
Design the amray
Number of modules and strings - o Please choose the Inverter model.
ll Ozsrlire coneliian: The total power should be 13.2 kW [optimal)
should be | Wmpp [BOIC) 29 ar mare

Select the Inverter

For the installation in our example we could choose either a Triphased inverter of around 13 kW, or 3

Flane iradiance 1000 WAm? ) e, indata = 5TC
Dvalosel o 0.0 % = lI Impp [STIZ) 32 A I ar. operating power 0.0 ki
Priom ratio 0.04 E_lm"‘ sEnd) i s (5TC) 8 at 1000 ke and B0PT]
Hb. modules 1 Area 0 e lzc [at STIC] 344 Auray nom. Power [STC) 0./ kKisip
X Cancel W 0K

Monophased inverters of 4.2 kW to be connected on the 3 phases. We choose the Generic 4.2 kW and
PVsyst proposes a complete configuration for the system: 3 inverters, 15 strings of 9 modules in series.
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B - . - " . S —— 5 N
Grid system definition, Variant “New simulation variant g l":" 51 | eS|

Global Syztem configuration Global system summary
’1_ﬂ Number of kinds of sub-arrays Nb. of modules 135 Mominal P Power 148 Kwp
Module area 121wt I asimum P Povier 135 Kwdc

ﬂ ”21 Simplified Schema Nb. af inverters 3 Mominal AT Power 126 Kwac

Homogeneous System ]

Piesizing Help
" Mo Sizing Enter planned power € |15.3 Kip, or available area & (125 Tt ﬂ

Select the PY module

All modules *| Sort modules s Pawer " Technology

| Generic | [1owpzv  Sipo Pl 110 72celz  Since 2010 Typical | Open

M aximum nb. of modules 139 Sizing voltages . Ympp (B0°C] 29.3 W

404 {a F
€ inverter m
- ey
All inverters ¥ | Sortinverters by Power " Valtage [max) W G0Hz m
|Gene|ic j I -] Open I
Mb. of inverters 3 ﬁ r Operating Yoltage: 125-500 % Global Inverter's power 12.6 kwac m
Input maximum voltage: FLUIRY “String” inverter with 2 inputs

Design the anay

Number of modules and strings Tperiing candlifos

Wmpp (BO°C] 263 Y

Vimpp (20°0] 319
Voo [10°C) 438

should be
Mod. in series |3 j I between 5 and 14

bre stings |15 j [~ between 13 and 15

Plane iradiance 1000 W/m® " Max. in data + STC
== 2 Impp [STC] 47.4 4 Iz, operating power 131 K
bts Show sizing J lsz [STC) 51.E A at 1000 %/ and 50°C)
Hb. modules 135  Area 121 wf lac[at 5TC]  B10A Arnrap nom. Power [STC) 14 8 Kwp
X Cancel o 0K

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

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

Message colors in PVsyst

In many of the PVsyst dialogs you will be prompted with messages that are meant
to guide you through the different steps of the definition and execution of a
simulation. The color of the text gives you a clue on how important the message

is:

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

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

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

A similar color code is also valid for the buttons on the project's dashboard (in
addition a greyed-out button means “has not been defined”).
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4- Executing the first simulation
On the Project's dashboard, all buttons are now green (eventually orange) or Off.

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

Simulation, Variant "Mew simulation vanant™ i J l o
Simulation parameters
‘ariant Mew simulation variant
Project Farm at Marzeille P module Paly 110Wp 72 cellster 4 2 KW ac inverter
Site: arzeille Marignane Uit power 110 Wp Uit power 42 kW
Haorizon Free Horizon Mb. modules 135 Wb inverters 3
System Grid-Connected Arrap Power 14.8 Kwip Prom AC 126 Kwac

Preliminary definitions Simulation dates

Optional further definitions, For ﬂ

" h These dates comespond to the dates of your meteo
refined data analysiz anly.

file. They cannot be overcome.

Hourly data storage

from [01.01.1990 v Meteo beginnin

¥ Special graphs upto [21.121930 =| [V Meteoend
ME: 1390 indicates a generic vear, i.e. which doesn't
Output File careszpond ta really measured data for a given time

E Batch simulation

<21 Back to params. & Simulation

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

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

Hourly Simulation Progress & =REE X

Statuz
Simulation ended sucessfully

Attenuation factors for Diffuse

Dizplay
lis " Hourly Values
Diffuse 0.004 &+ Daily Values
Albedo 0.000 " Monthly Values

Display daily values Simulation 31/12/90

Metzo: Global, Diffuse, Tamb 2.03, 045k hint.day, 12.8°C, 5.2mds

On coll: Global, Diffuse, Glob. eff. 385, 065, 0.02, 3.71 kiwh/me.day - Conlinue

System : EMax. EMet, Elze 497, 497, 48.05kWh/day

Load: ElLoad, EUsed, EOver Urlimited . 0.0, 0.0 kwh/day " Ok

A progress bar will appear, indicating how much of the simulation is still to be performed. Upon

completion, the "OK" button will get active. When you click on it, you will get directly to the "Results"
dialog.

Analyzing the results

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

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

r B
Results, variant VCO "Mew simulation variant” = =Na=N X )

Simulation parameters

Praject Farm at Marzeille &

Site Marseille Marignane P modules Paly 110%p 72 cells  Inverter 4.2 k' ac inverter

System type GridConnected Maminal Power 148 Kwp  Inv. unit power 42 kW

Simulation  01/01 to 31412 MPP Voltage TV Mb. of inw. 2
[Generic meteo data) MPP Cunent 324

Main results

Syztem Production 21540 KWwhiur Mormalized prod. 3.97 KwhiMwip/day
Specific prod. 1451 EwhAAdwipdw Airay losses 0.82 kwhdwpiday
Perfarmance Ratio 0.804 Swstem losses 014 whAdwpdday

Detailed results

100 Daily Input/Qutput diagram

@ Values from 01/01 to 3112 Feport Tables ‘

ﬁ Predel. graphs

ﬁ Hourly araphs ‘

into grid [Whidy]

@ Economic evaluation ‘

T Prirt ‘ ‘

1 1
& 1t 3
Blobal incidentin coll. plan [cWhim day] < Back ‘ Save ‘

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

ignore them. When you click on you will get the complete report, which for this first simple
variant consists of only three pages (for simulations with more detail you can get up to 9 pages of
report). In this report you will find:

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

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

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

14



Analyzing the report
Second page: main results

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

Produced Energy: The basic result of our simulation.

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

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

Main simulation results
System Production Produced Energy 21.54 MWhlyear Specific prod. 1451 kWh/kWp/year
Performance Ratio PR 80.4 %

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

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

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

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

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

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

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

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

EffSysR:  System efficiency E_Grid related to the irradiance on the Collector's total area.

New simulation variant
Balances and main results

GlobHor T Amb Globinc GlobEff EArray E_Grid EffArrR EffSysR

kWhim? C kWhim? KWh/m* MWh MWh % %
January 53.5 6.29 83.0 80.1 1.104 1.063 10.96 10.56
February 79.2 6.99 112.0 108.4 1481 1.430 10.20 10.53
March 1339 11.20 167.4 162.6 2135 2.062 10.52 10.16
April 1534 14.37 1656 160.3 2077 2.005 10.34 9.98
May 199.4 19.14 198.7 192.5 2424 2339 10.06 9.70
June 2178 23.44 2109 2044 2496 2.408 9.76 9.42
July 2209 24.90 2171 2103 2.556 2.467 9.7 9.37
August 188.2 2467 2009 1949 2366 2.284 971 9.38
September 1389 19.74 161.5 156.6 1977 1.909 10.09 974
October 93.0 16.05 125.0 1209 1573 1.518 10.38 10.01
November 58.3 996 87.1 842 1.139 1.099 10.78 10.39
December 46.1 6.50 742 71.5 0.993 0.957 11.03 10,62
Year 15825 15.32 1803.3 1746.7 22323 21540 1021 9.85

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

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

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

Lc =Yr—Ya Array capture losses

Ls = Ya - Yf System losses

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

Normalized productions (per installed kWp): Nominal power 14.85 kWp Performance Ratio PR
10

[ PR - Performancs Ratio (V1 ¥r): D604

Third page: arrow loss diagram

This is the PVsyst way of reporting the system's behavior, with all detailed losses. This diagram is very
useful for the analysis of the design choices, and should be used when comparing systems or variants of
the same project.

GlobHor Horizontal irradiation (meteo value): starting point.

Globlinc After transposition (reference for the calculation of PR, which includes the optical
losses).

IAM The optical losses. When adding further details to a variant, there will be additional

arrows for far and near shadings, soiling, etc.
GlobEff - Coll. Area Energy on the collectors.

EArrNom Array nominal energy at STC (= GlobEff Effic. nom).

Array losses Collection losses (irradiance, temperature, mismatch, module quality, wiring, etc.).

EArrMPP Array available energy at MPP.

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

EOutinv Available energy at the output of the inverter.

AC losses Eventual wiring, transformer losses between inverter and injection point,
unavailability.

EGrid Energy injected into the grid.
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Loss diagram over the whole year

1582 kWhim?

P == L +140%
Y Ll
GloblInc for PR A
-3.1%
T747 KWh/m? * 121 m= coll.
efficiency at STC = 12.20%
25.85 MWh ‘
’ 5-1.3%
[ _)-ea4%
|
|~5-1.5%
4-1.0%
5-1.0%
22.32 MWh
A\
3-3.5%
!
[~ 00%
|~50.0%
|~ 0.0%
50.0%
21.54 MWh

____ 2154MWh

Horizontal global irradiation
Global incident in coll. plane

IAM factor on global

on
PV conversion

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

PV loss due to temperature

Module quality loss

Module array mismatch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nominal inv. voltage
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

The report can be sent to a printer or copied to the clipboard. These options are accessible through the
Print button __&*= | When pressing it you will get the “Print” dialog:

Printer

Antive:

Print

Caolor Printer

Head Comments

¥erox PS5 Color Class Driver

Change / Configuration

[~ Bold

Select

pages to be printed

[v Simulation parameters
[ Mear Shadings
v Main resuits

v Loss diagiam

[~ Bold

|i

Units Options
7 kwh
* Muwh
;
|1—ﬂ NDec
Freview

Frint

Language |English -
Copy to ClipB

Here you can select which parts of the report should be printed or copied and define comments that will
show up in the header of the report. With the “Options” button you can customize even more details for
the header comments and the clipboard copy resolution.

Saving your simulation

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

The first variant will be saved in the file "Marseille_Tutorial.VCQ". Later Variants will get the file endings

VC1, VC2, etc. If you want to create a new Variant, make sure that you use "Save As" to avoid
overwriting your previous variants. For opening previous simulations of the project, you can click the

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

Far shadings, Horizon profile
The horizon profile is only suited for shading objects that are located sufficiently far from your PV
system, so that the shadings may be considered global on your array. This is the case when the distance

to the shading object is more than about 10 times the PV system size. The Horizon Profile is a curve that
is defined by a set of (Height, Azimuth) points.

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

Clicking the "Horizon" button will open a graph of the sun paths at your location.

Harizon (far Shadings) definition at Marseille Marignane Lﬁ,l E@éj
Camment |Horizon line at M arseille Marignane Points ] Diffuse Factor ]

Mo Azimuth  Height[*]
Horizon line drawing

Plane: tilt 25°, azimuth 207
—T 7T 7T T T T

g0

=]
E [

LEEEE
EEEEEEE

R R B R

Sun hwight ']

-120 -50 -60 -30 0 30 80 80 120

Azimuth [*]
2 | X Clzar Horizon
[« I
Read / Import ‘ Save ‘ Pririt ‘ x Cancel o OK

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

Defining a horizon line by hand:

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

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

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

Horizon profile from ...
R . Please choose the
&+ PVsyst intemal file source File

" Carnaval Software 5 .

. PV syst internal file:
" Solmetric SunEye
" Horiz'on Software

" Meteonorm Software L

Imported file name:

Choose

Description:

x Cancel ‘ ‘

Importing Horizon from Solmetric "SunEye" instrument

The "SunEye" records the horizon line using a fisheye camera, and provides the result in several files.
You should choose the file called "ObstructionElevation.csv". Do not use the "Sky0Ox_PVsyst.hor" file!
This is an obsolete format, which was created by Solmetrics for the old versions 4.xx of PVsyst.

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

Importing Horizon from the "Carnaval" software

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

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

Importing Horizon from the «Horiz'ON" software

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

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

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

the sun graph that includes the far shad

ing effect:

PVSYST V6.04

‘ 26/03/13 ‘ Page 214

Project :
Simulation variant :

Grid-Connected System: Horizon definition

Farm at Marseille
With far shadings (horizon line)

Main system parameters

System type

Grid-Connected
o

Horizon Average Height

PV Field Orientation tit  25° azimuth  20°

PV modules Model Poly 110Wp 72cells  Pnom 110 Wp

PV Array Nb. of modules 135 Pnomtotal 14.85 kWp

Inverter Model 4.2 kWac inverter Pnom 4200 W ac

Inverter pack Nb_ of units 3.0 Pnomtotal 12.60 kW ac

User's needs Unlimited load (grid)

Horizon Average Height 8.0° Diffuse Factor 0.94
Albedo Factor 100 % Albedo Fraction 0.49

Height[] a2 57 14 124 47 45 14

Azimuth [ -119 57 14 9 69

95

Marseille tutorial

Plane: tilt 25°, azimuth 20°

78 5:21 feb-23 oct
5 19jan-32

jan - 23 nov
13n 7: 22 decamber

B
| fep

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

Horizontal global irradiation

1582 KWhim?
///L +14.0% Global incident in coll. plane
| -4.0% Far Shadings / Horizon

1680 KWhin™ * 121 m* coll. Effective irradiance on collectors

Near shadings, 3D construction

The construction of the near shadings is described in the dedicated tutorial “3D Near Shadings
Construction”. The near shadings treatment (shading of near objects) requires a full 3D representation
of your PV system. This is managed from the following central dialog:
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Tutorial_NearShadings.docx#Near_Shadings_Construction
Tutorial_NearShadings.docx#Near_Shadings_Construction

Near Shadings definition, Variant "New simulation variant” E@

Carnment INew shading scene
~Campatibility with Orientation and System parameter i i
O S Sertis '5?. Constuction / Perspective
Active area 0 m? 0 m?
Fields tilt 307 Undefined
Fields azimuth " Undefined
i Infarmation
Flease build the System Shading Scene (o read it from a
model file]

Please construct or read the 3D scene

Use in si
* Mo Shadings

™ Linear shadings ] - |
™ According to module strings Model library
Fraction for electical effect  [100.0 jz ? |
Open | X Cancel |
2| |
 Delailed, ding to Module Layout Save o 0K |

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

File Edit Object View Tools Help
Th| zhlhz Observer Azimuth = -30° Observer Height = 207
e I e ] QeslEE s o e D1 etive srea= 1380
Zeqith
. e e .y . _

. - el L e |

N BlGl#] | |

9]

If you have near shadings, you should construct your PV installation and its surroundings as a 3D scene
(see the dedicated tutorial). The instruments described in the far shadings section (including SunEye) are
not useful for this construction. The starting point should be the architect's drawings or anything
equivalent, and they should include topological information to get the height of the objects right.
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After constructing the 3D representation of the installation, you should perform the simulation in the
“linear shadings” mode which takes into account only the irradiance deficit. This will give you a lower
bound for the estimation of the shadings effect. Then you repeat the simulation once more in
"according to module strings" mode, which also considers electrical effects resulting from the fact that
the modules are arranged in groups (strings). The modules in each of these strings are assumed to be
connected in series. This will provide an upper bound for the estimation of the shading losses. For the
final report that will be submitted to your customer, you choose an intermediate value for the electrical
effect, taking the by-pass diode recovery into account. For this you have to choose an intermediate
fraction for the electrical effect, which will depend on your system geometry. There is no well-
established value that would generally cover all possible situations. A rough estimate would be 60 to
80% (Higher for regular shading patterns like sheds).

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

Final layout of the system

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

Detailed losses

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

t andatorny

@ Orientation

@ System

| @ Detailed lossrg
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The Dialog “PV field detailed losses parameter” will pop up. It contains the following six tabs:

- Thermal Parameters

- Ohmic Losses

- Module Quality — LID — Mismatch
- Soiling Loss

- IAM Losses

- Unavailability

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

PV field detailed losses parameter = =
Thermal parameter | Ohmic Lossas | Module quality - LID - Mismatch | Soiing Loss | 14M Losses | Unavailability
“r'ou can define either the Field thermal Logs Factar or the standard NOCT coefficient:
the program gives the equivalence |
Field Thermal Loss Factor NOCT equivalent factor
Thermal Loss factor U =Uc + Uy * Wind vel NOCT [Mominal Operating Cell temperature] is
aften specified by manufacturers for the module
Canstant loss factor U 200 wintk 2 itzelf. Thiz iz an alternative information to the
. U-value definition which dossn't make sense when
“wind loss Factor U oo wiintk / mis applied to the operating array.
Default value acc. to mounting
L X Don"t use the NOCT approach. This is
[T "Free" mounted modules with air circulation quite confusing when applied to an array |
[T Semiintegrated with air duct behind
[ Integration with fully insulated back I See the MOCT angway | 2
g Loszes graph x Cancel ‘ « OK ‘

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

The thermal balance involves the "Heat loss factor" U = Uc + Uv - WindSpeed [W/m?2:K]. In practice we
advise not to use the wind dependency, as the wind speed is usually not well defined in the meteo data,
and the parameter Uv is not well known. Therefore we put Uv = 0 and include an average wind effect in
the constant term.

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

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

- There are no well-established values for intermediate situations with back air circulation. Our
measurement on quasi-horizontal modules on a steel roof, 8 cm spacing and not joint collectors, gave
18 W/m?K;
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NB: up to PVsyst version 5.1, the default value was 29 W/m? (free standing). From version 6 onwards the
default is set to 20 W/m? since nowadays more and more installations are being built in an integrated
way.

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

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

PV due to irradiance level

-11.6% PV loss due to temperature

&y -1.5% Module quality loss
K 1 no4 Madiila arrsvu micmateh Ince

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

The wiring ohmic resistance induces losses (R - I? ) between the power available from the modules and
that at the terminals of the array. These losses can be characterized by just one parameter R defined for
the global array.

Themal parameter  Ohmic Losses 1 Madule quality - LID - Mismatch | Sailing Lass I [EA 2] Losses] Unavailability]

DC circuit: ohmic losses for the amay
Glabal wiring resistance 171 mOhm [ ¥ Detailed computation
orin loss fraction at STC |15 # [~ Default
2|
VYoltage Diop across sefies diode  |0.0 W v Detault
AC circuit: inverter lo injection point External transformer
[~ Significant length, to be accounted for [T Esternal transformer present
0.a - 0.00 l |
000 .00 u
] 2]
=

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

NB: remember that the wiring loss behaves as the square of the current. Therefore operating at half
power (500 W/m?) will lead to only a quarter of the relative loss. The effective loss during a given period
will be given as a simulation result and shown on the loss diagram. It is usually of the order of 50-60% of
the above specified relative loss when operation at MPP.
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It is also possible to include losses between the output of the inverter and the injection point (energy
counter). You have just to define the distance and the loss will also appear in the loss diagram.

AC circuil: inverter to injection point

v Sigrificant length, to be accounted for

Length Inverter to injection |10.0 m |15mmE -

Loss fiaction at STC [1.31 4
STC: Pac =14 ki, Vac = 400% Tri. | = 21 A
“okage diop at STC B2V (1.3%) ?

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

AL circuit: inverter to injection point Extemnal transformer
v Significant length, to be accounted for v External iansformer present default
Length Inwerter to injection ’W m ’m Iron logs [constant walue] W 4 ’T Wi
Loss fiaction at STC [1.31 % Fesistive/Inductive losses W % atSTC r
STC: Pac =14 kw, Yac = 400% Tri, | =°21 A ﬂ [quadratic, i *F. R = 560m0hm ﬂ
“oltage drop at STC 5.2%W [1.3%) .

* Between inverter and tranzfo
A [ Might disconnect
™ From transto ta injection

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

Module quality default

Module efficiency lozs |1.5 Fars

efficiency by respect to manufacturer

Deviation of the average effective module
specifications:

The value that is specified in this field might not be exactly the same as the one shown in the "Array loss
diagram". The reason for this is, that this parameter is defined with respect to the Standard Test
Conditions (STC) while value in the diagram is given with respect to the previous energy.
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The light induces degradation happens in the first few hours of module operation. Typical values are
around 2%, but you can define a different value in this field.

LID - Light Induced Degradation—— -

LID loss factar |20 v

D egradation of crystalline silicon madules, in
the first operating hours by respect to the 9
manufacturing flash test STC values. -

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

Mismatch Losses

default
Power Loss at MPP 1.0 z [
Loss when running at fized voltage |25 z |

Mot relevant when MPPT operation

h Detailed computation | =

The button "Detailed computation" helps to understand this phenomenon, and gives indications on the
loss parameter to be set for the simulation, according to your estimation of the inhomogeneity of the
set of modules.

Graphic Tool for the Array's Electrical Behaviour Study in various conditi.. — &

Mizmatch

Graphical tool for ining the effect of parameter migmatch,

for the cells in a module, or the modules in an amay.

Basic P4 module Generic Poly 190 Wp 54 cells  Typical Open

Group of External conditions

" Cells 13 j Units in series (et 1000 ﬁ\WrrF
(i‘ ’— =

Lodics 2 = Chaing in paraliel Cell temperature |45 j T
™ Cells/modules in series soted according to 1SC

Mi tehed dul

FiMS value
Shart circuit curent 1ISC = 7.90 A 033 A 5 ﬁ %
Open circuit voltage Yoc= 305 Y 15 W 5 ﬁ %

Fiandom diztribution type
e "Mormal’ [Gauszian) distribution

" Square distiibution

ﬁ Hiztogram ﬁ Graph ‘ i'L LClose

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

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

situations.

Yearly soiling loss factor
Drafault

Yearly lozs factor |3.0 z

v Define monthly values 0

Monthly soiling values

Jan.
Feb.
Mar.
Apr.
May

Jure

100z July
’F % Aug
’W %z Sep
,ﬁ = Oct

’W z  Mov

'Wz Dec

o Setall as pear

It may become significant in some industrial environments (for example near railway lines), or in desert
climates. The soiling loss can be defined individually for each month to take into account periodical

cleaning or rainy periods.

This parameter may also be used for describing the effect of snow covering the panels (for example put

50% in winter months with 15 days of snow coverage).

The incidence loss (reflections due to the Fresnel's laws) is sufficiently well defined by a
parameterization proposed by "Ashrae" (US standards office). You will in principle never have to modify
this parameter. Nevertheless, you have also the possibility to define a custom curve described by a set
of points. PVsyst will make an interpolation to generate values for all possible angles.

Incidence Angle effect

Incidence Angle Modifier default

+ ASHRAE Model bo=|005 W

" User defined profile 7

1AM =1 - bo (1/cos i - 1)
with bo = 0.05

0o T T T T R T S
0 10 20 30 40 5060 70 380 90
Incidence Angle *

Incidence Angle Modifier

Incidence Angle effect default

bo-[0as
]

" ASHRAE Model

[OR 1]

defir

Points:
Incid.angle  l4M

po_ [ [

EEER

‘_,
o
=1
=)

%[ i Delete

NB: Assuming an isotropic diffuse irradiance, the IAM factor on the diffuse part is computed by an
integral over all space directions, which include important low-incidence contributions.

It is sometimes useful to foresee system failures or maintenance stops in the production expectations.

You can define system unavailability as a fraction of time, or a number of days. As this is usually
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unpredictable, you have the opportunity of defining specific periods of unavailability of the system, and
also to create these periods in a random way. The effective energy loss is of course depending on the
season and the weather during the unavailability periods. Therefore the unavailability loss has only a
statistical meaning

Unavailability of the system Unavailability periods
default

Unavailability time fraction  |2.0 %W Beginning Date / Hour duration

Unavailability duration  |7.30 daysdyr
= 30.01.2004 -| |21:00- |58 haur
Number of periods |3 =
= 09.06.2004 -| |0200—3 |58 haur
07.07.2004 =] 1400~ |58 hour

F# Set Random ?

To visualize the impact that the losses have on the I/V-behavior of the array, you click on “Losses Graph”
to get to the window “PV Array behavior for each loss effect”. In the top right field you can define the
running conditions of the array. From the field below you select the kind of loss you want to display. The
red curve gives the nominal conditions, which represent the upper limit of the system performance. For
each selected loss you will get a curve in a different color.

PV Array behaviour for each loss effect = =

Collector field, Poly 190 Wp 54 cells from Generic
13 modules in series, 6 strings in parallel

External conditions

40 = T . T = T T Irradiance 200 Wt
Incidence Angle (40 *
- 1 Eeam / Global a0 4
Ambient Temper. |20 T
‘Wind Welocity 1 mis
30 -
Loss effect
sl n [+ Mominal conditions [25°C)
v Module Quality Loss
= [V Array mismatch
) sl ] v Incidence Angle effect
g v Temperature effect
- [v ‘wiing Dhmic Loss
[~ Serie Diode Loss
15 B
whk Array losses for 800 Wim=: 1
Tmod. =25°C, Pmpp array = 11.9kW
—— Module Qualty Loss: loss 1.5 %
—— Module Mismatch 1.0 %STC:  loss 2.5 %
5| — AN (Diffuse, beam 40°) loss 2.2 % -
IModule temperature = 52.0 *C :loss 11.9 %
Wiring resist. (117 mOhm}:  loss 1.3 %
. Resultant: Pmpp Iarray = BTFKW, G\n:)al loss =183 % . Frint
o 100 200 300 400 500

Voltage [V] J'—L Bl
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Part 2: 3D Near Shadings Construction

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

Presently it is not possible to import 3D shading scenes into PVsyst from other software packages like
Autocad or SketchUp. The reason for this is, that the basic data structure in PVsyst is very different
from standard CAD programs, and it is not straightforward to convert these formats in a fully
automatic way. Work is ongoing to provide an import filter for the SketchUp format.

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

35m

10m /

' Y

Y

35m
N
20°
—Sm v
10m
10m

Elévation : Pente toiture 25° /\

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

sketch:
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1- Defining the 3D scene:
In the “Project Design” window click on the button "Near Shadings"

4" Site and Mete

rsion)
Optional
(=T
=)
i \
mi
n I

Near Shadings definition, Variant "New simulation variant”

Comment |New shading scene

Compatibility with Orientation and System parameter

Orient./Sypstem Shadings
Active area 0 m? 0 m*
Fields tilt a0t Undefined
Fields azimuth o Undefined
Information
Pleaze build the Syztem Shading Scene [or read it from a
maodel file].

Please construct or read the 3D scene

Use in simulation
{* Mo Shadings

" Linear shadings

" According to module stings
=)
100.0 =¥ 7
[2]

" Detailed. ding to Module Layout

Model library

Open
_ 2o |

x Cancel

o 0K

_ & |
_xe |
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You obtain the main 3D window where you will construct the "scene".

Global scene view - New shading scene (== =]
File Edit Object View Tools Help
Tl zhlhz Observer Azimuth = 307 Observer Height = 207
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Constructing a building.
The building in our example will be an assembly of elementary objects that will be grouped
afterwards and used as one single object in the main 3D scene.

From the main menu, choose "Object" / "New..." / "Building/Composed object"

File Edit | Object | View Tools Help
ﬂl ; |— New ... 3 Elementary shading object li
Select ... | Building / Composed Object |
ey S Rectangular PV plane (one or more rectangles) e
, — Fesi e PV plane in sheds T
Rzl il PV plane as Sun Shields
TEe Ea Polygonal PV plane
Position in scene Ctrl+B Tracking PV plane
— Rotate whole scene Ctrl+R F e
B T T T
et - - T
- T T C
pR—— -\'\7 I —- *-.._\7
e -
T - -\'\
7 e -
— - T
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This will open a secondary 3D window in the reference coordinate system of the new building object.

Edit Elementary object Measure View Help

LA @Qa] vz

. .. Building Description

Observer Azimuth = 30° Observer Height = 20°

o e il

e
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-
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e
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|Building object

I . B
T
|

i

Sl
.
I

-

=

[~
-
.

|
[
T
|
|
Lo
|
I
[
ot
|
|
l -
i
1
|
[
1

|

|

T

- From the menu, choose "Elementary object" / "New object".

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

Observer Height = 20

PN

Drescription |Paral\e\epipede

Eﬁll@)\la‘l S:gl 9 | u Dbserverizlimuth=iﬂl’

—p.
F

Shape type

“wfidth (D) I‘I 0.00 m
Length (D] |35-UD m

.00 @

b

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

= 0.0m Tilt 0o
= 0.0m Azim. 0o
Z= 0.0m by respect to 0

- hd
.{.,-’ Caolor |

; x Cancel | J ok |

.
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- Click "OK", this will place the parallelepiped in the coordinate system of the buildings’ object

Eile Edit Elementary object Measure Wiew Help

}-lﬂ ﬂ Eﬁ @\ e\ ‘l S:Q 2 | I;leservemzim_luth= Sil dbseﬁ Height = ZD;I

. ﬁ\ Building Description |Building object

—Object Pozitioning

. Paallelepipede
1 [ Orientation

Til foo -
Azirmuth II] i} o
—Origin's position——

H II] oo m

From the menu, choose again "Elementary object" / "New object".
Now choose "Parallelepiped" and define the sizes of the second wing of the farm (Width =
10m, Length = 25m, Height = 5m).



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

File Edit Elementary object Measure View Help

Mﬂ ﬂlﬂ Q e\ .l 3:9 2 | |;D|bservelAzim_|uth= a0t dbseflr Height = 2D;|

o ﬁ Building Description IBuiIding abject
-

Object Positioning

__ Elementary object no 2
4 [ Orientation

Til foo -
Azimuth ID 0 *
—Origin's position——

® ID oo m

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

Please note that for selecting an object, you have to click on its borders (remember: the objects don't
"know" their interior!). The selected object becomes carmine red.

34



Click the "Top View" button bl (the five buttons top left are for the positioning of the observer).

File Edit Elementary object Measure View Help

}’lﬂ ﬂ E\; @\ Q ‘l SQ ?l Ijbsewer.ﬁiirlnulh= il I_leserverHeighl= 8

X Building Description IBuiIding object

DObject Positioning

Elementary object no 2
rDrientation

Tik |D 0

Azimuth ID 0

—Origin's position

ks ID oo
Y ID oo

z

m
m
m

You can zoom in or out with the two "Zoom" buttons & &,

You can also re-center the scene, by clicking anywhere on the scene - but not on an object - and drag

the scene's plane.

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

Eile Edit Elementary object Measure View Help
vl Zklhz Observer Azimuth = 0° Observer Height = 907
J—-lﬁ_T % T_\Ll QlQl‘l 329.' : | O O = [ D

Building Description IBuiIding object

! ~Object Positioning

Elementary object no 2
r~Drientation

W fjpr
Azimuth IBB.B *
Origin's position

*® |1 056 m
e IS 97 m
z ID u} m

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

Object Positioning
- Elementary object no 2
Orientation
Tit 00 =
Azimuth |30 -
~Origin‘s position——|
® o0 m
s o0 m
z noo m

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

File Edit Elementary object Measure View Help

q[m? }’lﬂ ﬂ E; @\ Q ‘l SQ ? | Observer Azimuth = 30:
£

|Building abject

Adding the roof.
- Main menu "Elementary Object" / "New object" and choose "Two-sided roof + Gables".

}—lﬁj ﬂ ﬁll@la ‘l 3:Ql 2 | Observer Azimuth = 30° Obzerver Height = ZEI“

" p

Description |2-3|ded roof + gables i
Shape type

oof + gables
Ease width

Top length

Fioof tilt angle

Gable 1 angle

Gable 2 angle

and Ori n
Thess valugs are defined when
pozitioning in the 30 scene

= 0.0m Tilk 0.0
= 0.0m Azim. 0.0
Z= 00m b respect to OY

Color | I Gables |

X Cancel | o O |

- Define the sizes: "Base width" = 11m, "Top length" = 30.5 m (for eaves), "Roof tilt" = 25°, and "Gable
1 angle" = -45° and click “OK”
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ile Edit Elementary object Measure View Help

LA as]

d

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

Building Description

Observer Azimuth = 30°

Obszerver Height = 20°

o = wipgge wl - &

|Building object

File Edit Elementary object Measure View Help

d

ol Lt @lale| «

Building Description

Observer Azimuth = 30°

. [ Object Positioning

2-gided roof + gables
r~Drientation

Til [oo -
Azimuth ID 1] &

Origin's position

Observer Height = 20°

- = ipgye s o

IEulIdlng ohject

. [ Object Positioning

2-gided roof + gables
r~Drientation

W jpr
Azimuth ID 0 *
Origin's position——
b |5 oo m
Y |5 oo m
z |5 oo m
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- For the second wing of the roof you could proceed in the same way. You can also reuse the roof you

just created: "Edit" / "Copy", and "Edit" / "Paste". You will obtain a second instance of the selected
object.

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

Now the 45° cut gable is still not correct. For modifying the selected object, you can:
- Either choose "Elementary Object" / "Modify",
- Or, more easily, double-click the object on its border.

- Change -45° to +45° and click OK.

Eile Edit Elementary object Measure View Help

qpmy }.lﬂ xZ Tj\;l @\le\l.l g:Ql » | Ijbservelﬁzgth: 32 I;leseflr Height = ZELI
P

Building Description IBuiIding object

_—I]hiecl Pozitioning

7 2Z-zided roof + gablez no 2
r~Drientation

Til [oo -
Azimuth IQD_D +

Origin's position

® |5 oo m
Y |5 oo m
z |5 oo m
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Now that the building is finished, you can include it in the main 3D scene by choosing "File" / "Close
and Integrate" from the main menu.

Edit Elementary object Measure View Help

Read building m S:gl ?

Fie.

Read ohjects
Save building Ctrl+5S Building
Save selected objects _'g._»-""'__‘ -
- N
Cancel _‘___.—'*'.'\.
Close and integrate , ,?_'ac
e

Al

*
A——
SO alel st S T
- bjesct Posstinning
e -~ I . | . R e

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

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

it | Object | View Tools Help

:|-|— Mew ... 3 Elementary shading object
Select ... ] Building / Composed Object |
Copy ' | Rectangular PV plane (one or more rectangles) | T
(=i S PV plane in sheds
Ehadity Hriklh PV plane as Sun Shields
HeEL HOHD Polygonal PV plane
Position in scene Ctrl+B Tracking PV plane b
N Rotate whole scene Ctrl+R I '\_\ IR - -

- You have to define the sizes: "Nb of rectangles" = 1 (you could define several non-interpenetrating
rectangles in the same plane), "Tilt" = 25°, «Width" = 5.5 m, «Length" = 25 m.

|}-|§1T xz Eﬁl@)\le\l @]l 0 | quservenﬁiiTuth: D"_bI ulDbserverHeigPi:I 85"_’I

Coll plane

Nb. of rectangles |1 :II

Plane Tit %0 =

Total area 1376 m*
Required area 114.7 m?

Comment |[M ulti] Rectangular field

Real plane orentation in the global scene: tilt = 25.0°, azim. = 0.0°

—Elementary rectangle

Rectangle na I 1 vl
Width [550 m
Length IZS.DU M

Fiectangle origin in the
collectar plane :

><|n.nn b |u.un m
i Add | r'}Deletel

Color | I Shades

EE
30 x Cancel | o 0K |

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

File Edit Object View Tools Help
Obszerver Azimuth = 30° Observer Height = 20°
Zi 4
d Yl ®\|e\|‘| ﬁl ? | [ Active area =138 n#

~Object Poszitioning
[Multi] Rectangular field
—Ori 7 =
Tit [z5:0
Azimuth IUD— ’

[ DOrigin's position

w4 west IU.DD m
Y/ South IU.DD m
Z / Height IU.DD m

- For positioning it, again click "Top view" ﬂ, position it globally with the mouse. Now you don't have
rigorous references and you don't need to adjust the values, but be careful not to interpenetrate the
other roof! And check the azimuth value (should be exactly 90°).
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- Vertical positioning: now your field is on the ground. Click the observer’s "Front View" Pl button,
and position your plane on the roof by dragging the red dot with the mouse. Always remember to let
some spacing between any active area and other objects (minimum 2 cm). If you put the plane below
the roof, it will be permanently shaded!

File Edit Object View Tools Help

| Zklhz Observer Azimuth = 0° Observer Height = 0°
ﬂl }’ld £—T T—Il ®\|e\|‘| 33]l ? | u _| _’l u_l _’l Active area = 138 n#
£

—Object Pozitioning
[Multi] Rectangular field
—Ori 7
Til 250
Azimuth 30.0

—Origin's position

4 west ITD.32 m
Y/ South ITD.DS m
£/ Height |5 29 m

[l

[
=
HH
L4
-
|
=
=

e
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Adding more shading objects
In our example we will now add a silo and a tree to the scene. These are “Elementary shading
objects” that will be positioned directly inside the main 3D scene.

- In the main scene select "Object" / "New..." / "Elementary shading object" / "Portion of cylinder".

According to the drawing, define Radius = 3m, Aperture angle = 360°, Nb of segments = 16, Height =

12m. Click "OK".

LA selas] |

Observer Azimuth = 0%

Observer Height = 90°

Description IPnrtion of Cylinder

-

o

L] 5[

P
I

Shape type

IPortion of Cylinder
R adius

Aperture angle

Nb. of segments

Height

i Position and Orientation
These values are defined when
pasitioning in the 30 scene

H= 0.0m Tilk 0.0
e 0.0m Azim. 0.0
2= 00m by iespect to 0%

Color |

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

File Edit Object View Tools Help

val zklhz Observer bzimuth = 0° Observer Height = 90°
MME—TE—T Y| ©\|e\|.| S:i"l 2 | I;I _I _’I I;I I |2 Active area =139 né

Object Poszitioning
! Partion af Cylinder
i Orientat

Tilt oo

pzmith  [00 ’
Origin‘s position

4 west IW 8.00 m

Y/ South |45. oo m

2 / Height Im m

A~ BIG sEiFel |8

1?2

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

Al e etV HETE S e | 1

—p.
F

Description ITree
Shape type

Medium-paint height ~ |4.22 m

Medium height e m
Low part height W m
Trunk height IT m
Medium diameter IW m
Trunk diameter IT m

~Position and Orientation
These values are defined when
pasitioning in the 30 scene

00m Tilk oo
0.0m Azim. 0.0
by rezpect to O

Calar | . Trunk |
X Cancel | o OK |

X
L e e e e B e S e e TS

File Edit Object View Tools Help

vl zZklhz Observer Azimuth = 307 Observer Height = 20°
M }’ld 5—T Y| ®\|e\|‘| ﬁl ? | [ | I | | | Active siea =133

46



Positioning with respect to the cardinal direction

Usually you construct a scene first in the reference coordinate system that is used in the drawings,
and that has been chosen by the architect. After that, the button "Rotate whole scene" 2 will allow
you to perform the final rotation of the global scene to fit the real orientation of the installation with

respect to the cardinal direction.
- Select the reference object for the orientation (normally the PV plane).

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

Global scene view - New shading scene = =
File Edit Object View Tools Help
al zhlbz Observer Azimuth = 30° Observer Height = 20°
M LA QU] o2 ETTT S T 3 sk i
K—) i Rotate whole scene N
Zeqith . . R . e
"\_' IS e imes T ’ el _.| Reference object |[Mull\]HeclangularliEId ﬂ >
) o _| Present azimuth ~ 20.0° New azimuth [200 =1
e T ’/
- -
\:',*w-\'" e
——— - T
.... e U -
T - I Fast
T e e
- . T

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

Shading test and animation
Now that the 3D scene holds all the potential obstacles and the sensitive panel area, we are ready for

a first shading analysis.

- Push the "Shadow animation over one day" button £%. The “Shadow animation” tool will pop up
and here you click on "Play/Record animation". The shadows will be shown for the whole selected
day. After execution you have a scrollbar for reviewing one or the other situation.
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Dray of year |21.12.2012 Vl

- Chad

1.0 T T T
ISha'ding I(I:'ss on cle.lar day: '
0.8 Beam lingar loss 19.4% 1
06 1
0.4l —
[0l 1
0.0 [ L L L L
8 10 12 14 16 1

B o s [

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

File Edit Object View Tools Help

Thl zhlhz == Observer Aamuth = 30° Observer Height = 20°
ﬂl}‘lij % T—Ilk3 ®\|Q|.| ﬁl ?l |;| _I _’I I;I _I _’I Active area = 138 n?

A2z Vi >

T T T T T y T
Shading loss on clear day:
Beam linear loss 19.4%

Da}é& 211212 10h00
Sun height : 12°
Sun azimuth : -38° Shading factouffiinear): 0.356
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If there is some shade that you don't understand well, you can click the button "View from the sun
direction" & from the toolbar on top. The animation will now be shown from the suns’ perspective.
In this way you will immediately understand which object casts which shadow.

File Edit Object View Tools Help

Yal zklaz |== Observer Azimuth = -36° Observer Height = 12°
M }’li—T x T_;l%& ©\|e\|.| g’-i"l ?l [ = o] LI | Active siea =133 7

Day of year Aza0z ~|

ISI‘adlmg If.l'»ss oln c\e!ar da}l,r:
Beam lingar loss 19.4%

~— e

 Date=ZTA12112 10000
“"“Znn height : 12° - -
Sun azimuth ; -36° Shading factor (linear): 0.356

More Options

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

- Click the button "Realistic view" &

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

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

- In this dialog you can define the color of the roof, and the color of the gables independently of each
other.
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3
[
]
o
]
o
a
@
o

Mﬂlﬂlﬁ;ll@)\la @l @l 9 | DbsefllAzimulh=-_’|“ u ilisewarHeighb E‘i

Description |2-sided roof + gables no 2 P
Shape type

|2-sided rocf + gables

Base width

EEEEEN
EEEENEN-
EEEET
EN " EENEN
EN EEEENT
EN " EEENT

Top length
Fioof tit angle

Gable 1 angle

Gable 2 angle

Définir les couleurs personnalisées > |

Annuler |

Position and Orientation

These values are defined when
positioning in the 30 scene

5.0m Tilt 0.0
Blm Azim. an.0°
5.0m by respect to 0%

. Gables |

X Cancel | ' OK |

- Please note that the colors are defined "at bright sun". You should choose them rather light.

- If you define your own colors, store them as "personalized color" in order that you can reuse them
for other similar objects.

Saving the scene
If you do some bad manipulation, you can undo it with the “Undo” button *? from the top toolbar.

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

Desscription
’V Fam

File name: IDEMD_FaIm

Directory  C:\Users\BrunotFysysth_Data\Shadings

X Cancel

Save

Please note: your final scene (used in the simulation) will be stored along with your "MyProject.VCi"
file. It does not need a *.SHD file.
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Display in report

This scene will appear on the final report. If you want to have a specific view of the scene in the
report, you can request it by "File" / "Save scene view" / "Keep this view for the report".

Edit Object View Tools

Help

Mew scene

Read scene
Read building
Read objects
Import Helios 30
Save scene

Save selected objects

Ctrl+M
Ctrl+R

Ctrl+5

Observer Azimuth = -10° Obszerver Height = 207

? [

_’I |;| _I _’I Active area = 138 mé

Save Scene view

-

v

Keep this view for the report

Save shadings animation

Print

Cancel

Close

Ctrl+P

Save image as file (*.BMP)

Copy image to Clipboard
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2- Use the 3D scene in the simulation
Linear Shadings
Your shading scene is now ready for the simulation.

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

Comment Mew shading scene

| Compatibility with Qrientation and System p
Orient./Spstem Shadings |

Active area 15 m* 138 m*
Fields tilt 25" 25"
Fields azimuth 20 20" "Llneal [rough) Shading Factor

82 Construction / Perspective I

W arning
Flease compute the Shading Factor Table !

Table £= Graph |

Press "Table" button

P
5 N

~Use in simulati
" Mo Shadings

Fast [tabl
{+ Linear shadings Sl ?

Slow [simul] — ) Print
" Accaording to module stings Model library
(=]

Fraction for ele effect WUU-U_.IZ ?
Open X Cancel
2|
Module Layout Save / 0K

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

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

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

Click on the “Table” button.

Close  Suspend

Comment

Active area
Figlds tilt

Fields az 20"

Compatibility with Orientation and System p
Orient./System Shadings

Mew shading scene

15 m 138 m*
25 25"

i arning
Pleaze compute the Shading Factor Table !

\

w

N Table

% Construction / Perspective

% Graph

Use in si
" Mo Shadings
* Linear shadings

" According bo module stings

Fraction for electrical effect IW 0o D::IIZ 2

Calculation mode
& Fast [table) 9
£ Slow [simul.) —

Model library

Open

to Module Layout Save

=
e |

Shading factor table [linear). for the beam component

Frint

x Cancel

W 0K

Azirnuth
Height

1807

-160°

40

e

-0

a0 | B0t | 400 | 207 o 200 40° B0*

140°

160°

180

90°
a0
7o
B0°
B0°
40°
a0t
200
1o0°
2

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0000
Eehind
Eehind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Behind
Behind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Behind
Eehind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Eehind
Eehind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Eiehind

0000 0000|0000 (0000 (0000 (0000 (0000 |0.000
0000 0000|0000 (0000 (0000 (0000 (0000 |0.000
0.000 |0.000 |0.000 (0000 |0.000 (0.000 (0000 |0.000
0000 0000|0000 (0000 (0000 (0000 (0000 |0.000
0000 0000|0000 (0000 (0000 (0000 (0000 |0.000
0.000 |0.000 |0.000 (0000 |0.022 (0066 (0022 |0.000
0000 0000|0003 (0001 0300 (0327 (0232 |0.000
0000|0000 (0143 (0057 0300 (0330 (0293 | 0.000
0.000 |0.043 |0.447 (0100 |0.211 (0203 (0208 |0.024
0000|0050 | 0460 (07100 (0083 (0065 (0220 |0.470

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Eehind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
Eehind
Eehind

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
EBehind
Eiehind

Shading factor on diffuse: 0.049 and for albedo: 0.249

The table is a calculation of the shading factor (shaded fraction of the sensitive area, 1 = no shadings,
0 = fully shaded), for all positions on the sky hemisphere "seen" by the PV plane. It allows the
calculation of the shading factor for the diffuse and albedo (which are integrals of this shading factor

over a spherical segment). For each hourly value, the simulation process will interpolate this table -
according to the sun position - to evaluate the current shading factor of the beam component.

This also allows the construction of the iso-shadings graph, which gives a synthetic view of the times

of the day and seasons where the shadings are particularly problematic. The 1% line for example,
shows all the sun positions (or time in the year) for which the shading loss is 1%, i.e. the limit of

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

Q) Zoom Out | Print | % Close
T

Near Shadings Linear shadings

PV Field Orientation fit 25° azimuth 20°

PV modules Model Poly 190 Wp 54 cells Pnom 190 Wp

PV Array Nb. of modules 78 Pnomtotal 14.82 kWp
Inverter Model 42 kWac inverter Pnom 4200 W ac
Inverter pack MNb. of units 3.0 Pnomtotal 12.60 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

1283 kWhim?® Horizontal global irradiation
/l\ +13.2% Global incj i Il. plane

-4.8% Mear Shadings: iradiance loss

\"—2.9% 14M factor on global
1341 EWh/Im*= 115 m* coll Effective irradiance on collectors

efficiency at STC = 12.92% PV conversion

19.87 MWh Array nominal energy (at STC effic.)
PVloss due toirradiance level

PV loss due to temperature

Module quality loss
Module array mismatch loss
Ohmicwiring loss

17 41 MWh Array virtual energy at MPP

Electrical effect: partition in module strings

When a PV cell is shaded, the current in the whole string is affected (in principle the current of the
string is the current in the weakest cell). There is no possible accurate calculation for this complex

phenomenon in PVsyst. We will just assume that when a string is hit by a shade, the whole string is

considered "inactive" concerning the beam component. This is an upper limit on the shading effect:

the truth should lie between the low limit - which we call the "Linear shading" - representing the
irradiance deficit, and this upper limit (see partition in module strings), representing the electrical
effect.

More realistic simulation "According to module strings":
- Go back to the Near Shadings definition, button "Construction/Perspective"

- Click the button "Partition in module chains" B8 on the left.
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- Here you can split the field into several equivalent rectangles, each representing the area of a

complete string (not a module!). If there are several subfields, you should do this for every subfield
rectangle.

|},|ﬂ i T_Z\Lle\le)\l 33| 2 | Ijhsarverﬂinfuth: il IjhserverHeigEF EE;I

Comment |[Mu\ti] Rectangular field Set a giid of the P field as
identical rectangles
25

each comezponding to
one string of modules in
sernes

Number of strings

In width 20
I height 20

~Rectangle-string sizes

In width 1280 m
Inheight  [275  m

X Cancel Partition |
x Cancel | ¢ ok |

The fact that one has to use rectangles for the strings limits the possibilities to shape complex
arrangements of panels within a string, perhaps you will not be able to represent the exact
arrangement of the modules. Since the impact on the simulation is not very high, a rough estimation
should be sufficient to give good results. If you want to get a feeling of the impact that the non-

perfect arrangement of panels into strings has on the simulation, you should perform the simulation
with different configurations and examine the variation of the results.
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When performing the shading animation, the partially shaded rectangles will now appear in yellow.
The improved shading factor is the sum of the grey and yellow areas, with respect to the field area.

Fle Edit Object View Iools Help

Observer Azimuth = -10°

Observer Height = 20°

. mie

Day of pear

a
T Shading loss on clepr day:

sl Beam Inear oss 97%| ]

vl odule loss 35.1% ]

04l J ]

N

10102012 i ——

0. A R .
8 8 10 1z 14 18 15;// Date: 10/10/12 12h45 "~
Sun height : 36° ‘
B O 03 [plefl >
—

2l active area =138

Shading factor (Iineari: D466~

Shading factor according to strings: 0.500

Use in the simulation

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

field "Use in simulation".

Comment Geneva Farm Scene

~Compatibility with Qrientation and System p
Orient. /System
Active area 115 m®
Fields tilt 25"
Fields azimuth 200

Shadings
138 m®

25"

20°

! arning

Press "Table" button

Flease compute the Shading Factor Table |

Use in si
" Mo Shadings

i Linear shadings

* According to module stings

Fraction for el

" Detailed. according to Module L.

ayout

% Construction # Perspective

Linear [rough) Shading Factor

% Graph

Table |

Factor

£= Graph

~Module Stiings Shadi

Table

Pirt

Model library

Open |
Save |

x Cancel

W 0K
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You will be asked once more to compute the shading factor tables, after which you can open the iso-
shading graph to compare the results of the improved shadings with the "Linear shadings" case.

Shading Factor Diagrams at

-

Shading Factor Diagrams at

~ SN

Close Print Export Format Curve parameters Legal Time Polar Coord

DEMO grid-connected system at Geneva: Geneva Farm Scene

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

| Shading loss: 1 %
Shading loss: 5 %
Shading loss: 10 %
Shading less: 20 %
Shading loss: 40 %

&0

10n

T T T
Attenuation for diffuse: 0.049
and albedo: 0.254

e

ST,

e

1:22 june

2. 22 may - 23 july
3:20 apr - 23 aug |
4:20 mar - 23 sep

521 f

619 jan - 22 nov
7: 22 december |

feb - 23 oct

Close Print Export Format Curveparameters Legal Time Polar Cord

DEMO grid-connected system at Geneva: Geneva Farm Scene

Beam shading factor (according to strings) : Iso-shadings curves

Shiding loss: 1 %

T T T
Attenuation for diffuse: 0.049

Shading loss: 5 % and albedo: 0.254

Shading loss: 10 %
Shading loss: 20 %
Shading loss: 40 % 12h 13n

&0

S hwight [']

1:22 june
2. 22 may - 23 july
3:20 apr - 23 aug |
4:20 mar - 23 sep
5:21 feb- 23 oct
6:19jan- 22 nov
7. 22 december |

K
s

A\

120 -90 -0 30 0 30 80 a0 120 120 50 50 -30 0 30 60 50 120
Azimuth [F] Agzimuth 7]

B
Lot

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

Use in simulation
" Mo Shadings
" Linear shadings

Calculation mode
¢ Fast [table]
 Slaw [gimul)

[
{* According to

Fraction for electical effect  [100. UJZ |

[2]

" Detailed. according to Module Layout

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

Combining the near shadings with the horizon (far) shading

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

Therefore when the sun is below the horizon line, there will be no near shading loss as the beam is
null. In other words, potential near shadings for sun positions already affected by the horizon will not
produce any additional losses.
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Part 3: Meteorological Data Management

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

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

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

Data organization
Input Data

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

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

Horizontal global irradiation (required)
Average External Temperature (required)
Horizontal diffuse irradiation (optional)
Wind velocity (optional)

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

Synthetic generation of hourly data

The simulation of PVsyst is done in hourly steps over a whole year. Usually the meteorological data is
not available with this time resolution. The most common case is that data will come in monthly
values. It is therefore necessary to generate artificially the hourly values, starting from the monthly
ones. PVsyst uses special algorithms to generate the hourly values for the meteorological data.

* SIT and *.MET files

PVsyst stores the geographical location together with the monthly meteo data in one file for each
site. These files have the extension “.SIT’. You can have more than one file for each site, if you have
monthly data from different sources or from different years that you would like to compare. The
hourly data is stored in files with the extension *.MET’ and here too you can have more than one file
per site to compare different years or different data sources. Remember though that each *.MET file
is attached to only one single *.SIT file.
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Data Sources

The built-in meteorological data source of PVsyst is the program METEONORM. This program delivers
monthly meteorological data for almost every spot on the globe and PVsyst will use this source by
default if no other is explicitly specified. Alternatively it is also possible to choose satellite data from
the NASA-SSE project as data source. Furthermore, PVsyst gives an easy access to several public
sources directly available from the Web like SolarGIS or Satellight among others. Self-measured data
and data from other providers like national meteorological offices may also be imported from text
files using a tool that can be adapted to different data formats.

Opening the meteorological data management options
All manipulations and visualizations of the meteo data are accessed through the option "Databases"
in the Main Window:

Files Preferences Language Licence Help

Choose a section

Preliminary design

Project design

Databases k

—

Content

Full-featured study and analysis of a
project

- Accurate system yield computed
using detailed hourly simulations,

- Different simulation variants can be
performed and compared

- Horizon shadings, and 3D tool for
near shadings effects study,

- Detailed losses analysis,

- Economic evaluation performed with
real component prices

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

Geographical sites:

Synthetic hourly data generation:
Meteo tables and graphs:

Import meteo data:

Import ASCIl meteo file:

Monthly data management

Generate hourly values from the monthly data
Visualization and crosschecks of the hourly data

Import meteo data from predefined sources

Import meteo data from an ASCII file with custom format
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eteo datab —Comp ts Datab
Geographic sites management with monthly P modules
meten data.
Geographical sites | Grid inverter
tonthly data =» Houry data. Batteriez

Synthetic hourly data generation

Visualization, analysis and guality check of
hourly data files.

Meteo tables and graphs |

Import from knawn extemnal data sources.

Import meteo data |

Impart from A5C1 meteo data files,
customized format.

Import ASCll meteo file | *

Regulators for stand-alone

Generators

Pumps

Regulators far pumping

Manufacturers and R etailers

[=] Exit
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2- Geographical sites

The main database is given as objects including the geographical coordinates and associated monthly

meteo data. These objects are stored as files with the name *.SIT, situated in the users directory

\PVsyst6_Data\Sites\.

Click on "Geographical sites":

~Meteo d

3

h

fonthly data = Hourl data.

theti

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

meteorological data.

hourly data g

Country | Switzerland

Town | Country

IData sOUce

Corvatzch Switzerdand
Davos Switzerand
Dizentiz Switzerand
Enaelberg Switzerdand
Evolene Switzerdand
Fahy Switzerand
Figchenthal Switzerdand

MeteoMom 6.1 station
MeteoMom 6.1 station
Meteoom £.1 station
MeteoMom 6.1 station
MeteoMom 6.1 station
MeteoMom 6.1 station
Meteotom 6.1 station

Gilaris Switzerdand
Grimsel-Hospiz Switzerdand
Gruwére Switzerand
Guettingen Switzerland
Hergizvuil Switzerdand
Hirterthein Switzerdand
Interlaken Switzerand
Junafravioch Switzerland
La Chaus-de-Fonds Switzerdand
La Dale Switzerdand
Locarno-t agading Switzerdand
Locarmo-tMonti Switzerland
I — P

Search l—ﬁl

Y Set favarites Expart

To create a new site for a project click on ‘New’. You will get a window with the geographical site

parameters that contains three tabs:

Geographical Coordinates
Monthly meteo
Interactive Map

MeteoMom 6.1 station
MeteoMom 6.1 station
Meteohom 6.1 station
MeteoMormn B.1 station
Meteoom 6.1 station
MeteoMom 6.1 station
Meteohom 6.1 station
MeteoMorm B.1 station
Meteoom 6.1 station
MeteoMom 6.1 station
MeteoMom 6.1 station
MeteoMorm B.1 station
e Ml £ bt

Open
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Geographical Coordinates | tonthly metes

Please click on the desired location. then import data to P¥spst. _1]

- - Y =
Sergy .~ Pouilly //m Collonge-Belleriv) Map | Satzllite

i lint-Genis-Pouil o Locality
™ ‘Esenaz
Meyrin Gr:ﬂwd-Sacunnex Jussy” N Carouge

G al d point———

= J:,/ Paquis-Nations Country

e Satigny - ¢ (_}mtles - pangceunes Switzerland
Saint-Gervais /

Geneva il destiand Latitude [*]

ardagny Annemasse

Cranves- 46.17

LY I .
] m Vetraz-Monthoux Longitude [*]
p {/Ez:' N
eyner ‘o

Avully Cles-l
Pl.e‘ll_ Iescguﬁtes E14

> :‘;:'1' x 4
Perly) = Arthaz-Pont: th_[_vs}.lis

4 ~ - Altitude (m]
Jmm\‘_\s‘/a\i‘m:anevois 422

—

—

= Reignier-Esery Time zone
y, y
___:;c/ La Muraz +1

/I;ﬁlhddress:ks 17,6.14 Search | },
|

¥ n
Clenle Beaumont Arbusigny (;/E Y Import
— .'.l Map data®2013 Google TermsofUse ™ Reportamap gy

[ Mew Site | Prirt x Cancel | Q/ Ok

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

In the tab "Geographic coordinates" you define:

Site name: Choose a name for the site of your project
Country and Region: Normally you do not need to change this
Geographical Coordinates: The Latitude, Longitude, Altitude (which uniquely define the

(x,y,z) coordinates of a given point of the earth), and the time
zone. Ex: for central Europe, the winter time corresponds to
GMT+1, while the summer time is GMT+2. You can obtain
accurate Latitude/Longitude coordinates from your GPS or
Google Earth.
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tonthly metea | Interactive Map

—Location

Site name IGanéverCointlin

& Show map |
Caountry ISwitzarIand ;I Region  |Europe ;I

Meteo data Import
" Meteonom .1
© MASA-SSE

—Geographical Coordinates

__ Sunpaths | 24 Import |

Decimal Deq.  min

Letvde  [8625 * [48 [15  +=MNorh, -= South henisph) [ Tabular /0 Exeel)——

Longitude IB'1 3 o Ig Ig [+ = East, - = West of Greenwich] Import |
Altitude |=ﬂ g M above sealevel Expart ine |

Time zane |1 0 él Carresponding to an average difference

=
Legal Time - Solar Time = Oh 35m B Export table |

(9 Mew Site % Prirt x Cancel v 0K

In this dialog you can also:

see the sun paths corresponding to your site,

import/export the site data with "copy/paste" (for example into or from a spreadsheet like EXCEL),
print a complete form with the data of this site.

- If you define a new site (by its geographical coordinates), PVsyst will import by default the data
from METEONORM, which is considered to be the most reliable source for monthly meteorological
data. Alternatively you can also obtain a set of monthly values from the Nasa-SSE data, which are
available for any point on the earth, in steps of 1° x 1° (latitude x longitude).

Geagraphical Coordinates | Monthly meten || |nteractive Mapl

Site: Genéve-Cointrin  [Switzerland)

D ata source MeteoMarm 6.1 station

Global Imad. Diffuse  Temper. ‘Wind Vel. [icauiediata -
KwhdnE-mth Kwhdn.mth T s % Horizontal global iradiation

W &verage Ext Temperature

Jaruary 298 211 1.8 220
February 50.4 289 3.0 260
March 1004 2.2 5.3 240
Api 1246 67.4 37 270
May 1637 78.2 118 220 R wind velocity
June 1757 802 187 220
July 1801 8.4 197 220 lmeelEl =
August 154.8 887 137 170 ; x:;grdn:
September 107.3 51.4 15.4 1.90 £ MInE day
Dctober £5.5 a7 11 180 o MU itk
MNovember 324 21.4 g2 220 WA

December 238 16.3 26 240 ™ Cleamess Index Kt
Year 12083 6089 107 22

ﬂ Paste | Faste | Paste | Paste |

rExtradats———

W Haorizontal diffuse inadiation

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

Data source: Describe the source of the monthly meteo data, PVsyst will fill this field when you
import the data from a predefined source.

Irradiation units: You can choose the units in which the global and diffuse irradiation values are
displayed. This is useful to import or compare to data sources that use units
different from the PVsyst default.

Data fields: You can edit these values by hand. If data are given as lines or columns in a
spreadsheet, you can "paste" entire columns at a time.

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

Save as ... - olEH|

Geagraphical Site :

Genéve-Cointrin [Switzerland)

File name Genewva_Cointrin_MME1

Directary C:\JzershBrunoh\PYsyst_Workspaces\Shade_[Veurves\PVspsth Dat

x LCancel

Save

Managing Favorites

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

PVsyst’s built-in database

The built-in meteorological database of PVsyst is based on the METEONORM database, which defines
about 1'100 "Stations" for which measured irradiances values are available. The Meteonorm data are
usually 1961-1990 average values (the new Meteonorm V6.0 includes also some 1983-1993
averages, but they do not differ very much from the previous ones).

In Meteonorm, data of all other sites are interpolated between the three nearest stations. For most
of the European countries, all the measured stations available in Meteonorm are inside the PVsyst
built-in database. But for many other regions of the world, the measured "Stations" are very scarce,
and Meteonorm has to use Satellite data to complete this information.
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Besides the built-in database, PVsyst also offers tools for easily importing meteo data from many
other sources. This will be described in the chapter “Importing data from predefined sources”. If you
need to import data from a source or format that is unknown to PVsyst, you can import it as an ASCII
file as explained in the Chapter “Importing Meteo Data from an ASCII file”.

The year 1990

In PVsyst, we have adopted the convention to label all data which don't
correspond to really measured data at a given time as 1990. This is the case,
namely, of all synthetic hourly data, or TMY/DRY data files.

You will notice that recent data are really scarce in the "public" published data.
This can be explained by the fact that analyzing and assessing real measured data
sets for sizing purpose is a very complex job, and the results of these research
groups are only available after a long period of analysis and validation.
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3- Synthetic hourly data generation
The simulation process in PVsyst operates on hourly values. If no measured hourly data is available,
we have to construct a set of hourly meteo data from the monthly values. The hourly data will be
stored in *.MET files, which reside in the \Data\Meteo\ directory.

For the irradiance, the synthetic generation of hourly values from monthly averages is performed by
using stochastic models that have been developed by the Collares-Pereira team in the 1980's. This
model first generates a sequence of daily values, and then a sequence of 24 hourly values per day,
using Markov transition matrices. These matrices have been established such as to produce an hourly
sequence, with distributions and statistical properties analogous to real hourly meteo data measured
on more than 30 sites all around the world.

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

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

To generate the synthetic hourly data from the monthly values press the button «Synthetic hourly
data generation",

Geographical sites |

Manthly data => Haurly data.

Synthetic hourly data genenation

Wisualization, analysis and gquality check of
hourly data files.

Meteo tables and graphs ‘

The dialog “Generation of Synthetic Hourly Meteo Values” will pop up.
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~Source data [site. thly values)

Country / Region ISwiIzarIand d Site: IGenéVB'Co\ntrin MeteaMorm B.1 station ;I Open |

—Meteo file to be d [(hourly data)

Site |Gengve-Coaintrin Source IMeleonorm E1 Type ISynthetic

File name IG eneva_Caintrin_MNET.MET

rIrradiation units————
Global Diffuse Temper T kWwhne.day
i‘ [kt [k b mth] i+ kKWwhme.mth
January 29.8 21.1 . 0 M A day
February = MJArE mith
March . 5 2 e

April ™ Clearness Index Kt
May

June X X X G
July .
i ﬂ ¥ Use Monthly Diffuse
September ﬂ Feqgion typology [for temperatures) -
October
November
Drecember

Year 12083 3 . ﬂ Execute Generation ﬁ Close

ISwiss Plateau, land, important mist d

First choose a site holding monthly meteo data. Now you can specify:

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

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

File name: Select a unique name for a new file or overwrite an existing one.

Press the «Execute Generation" button, the successful generation of the data is acknowledged by a
message:

& File "Geneva_Cointrin_MMN&T.MET" :

Generation ended sucessfully

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

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

Region topology: The temperature model that is used by PVsyst was established using Swiss
data, with a detailed analysis of climate type dependence. It is possible to
choose one of the topology types that are defined for this model, but the
differences between all these options are very small (slight coupling
differences between irradiance and amplitude, or inertial shifts). If you are
unsure which option to use, select the PVsyst default “Swiss Plateau, land,
important mist”.
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4- Visualization of the hourly values
In PVsyst, the hourly values files *.MET are binary files, which cannot be edited in a text editor. For
visualizing their contents, you have to use the button «Meteo Tables and Graphs" in the "Tools"

group.

o

ynthetic howly data g i |

analuziz and guality check, of

“isualization,
==hourly data hle

Meteo tables and graphr

e —

Import fiom known external data sounces.

Import meteo data |

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

MeteaFile || -l 2 |
Site IGanéve-CU\ntrin Source IMelaUnUrm E1 Kind/v'ear ISynlhelic
—Site o |
o 2o g raphs | Tabl Check dat it
Genéve-Cointrin  (Switzerland) e I St I
Latitude : 46.2°M Altitude 418m (Graphtppe Yalues
Longitude :  6.1°E Time zone ;1.0 ' Time evolution @ Hourly
" Histogram " Daily
~Data Ch  Sorted values = Monthly
Beginning  01/01./30 00hOO Legal Time L
Erd 31412430 23h00 Syn. data sk ]
‘ear 1990 indicates generic data. i.e. ¥ Horiz. Global [~ Glabal Tited Plane
nat related to & particular pear v Horiz. Diffuse [~ Cleamness Index Kt
 Source file I~ Horiz. Beam [~ Amb. temperatire
Mame - Syrithetic MMET I~ Momal Beam [~ Wwind velocity
Farmnat : Meteanorm &.1
Dates type : sunthetic data
Time Step 1 hour Date: Irradiation Unitz |
Used Horiz. Global € Fon  [070150 R | =
parameters : Horiz. Diffuse to |31!12HSD ™3
Ambient Temper. . |
Wind Velaity o DeE s |l
i Manth Jan j

[% Madify Site | EB Save Site Print | ﬁ Graph |

ﬁ Close

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

Plots the data values against time.
Plots a distribution of the values.
Displays all values in decreasing order.

Time evolution:
Histogram:
Sorted values:

The variables that you can plot are:

Horizontal global irradiance
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Horizontal diffuse irradiance
Horizontal beam irradiance
Normal beam irradiance
Clearness Index Kt

Ambient temperature

Wind velocity

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

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

Graphs ] Tables ] Check data quality

Graph type Yalues

&+ Time evolution &+ Hourly

" Histogram = Daiy

" Sorted values 7 Monthly

Variables

[v Huoriz. Global [~ Global Tilked Plane

[v Huoriz. Diffuse [~ Cleaness Index Kt

[~ Horiz. Beam [~ Amb. temperature

[~ Momal Beam [~ “wind velocity

Dates Irradiation Units

" From 01/01/90 v e -
to EIRFEET

% Daps: nbday: 4 j

™ Month Jan j

% Print ﬁ Graph )

This will open a graph with the hourly meteo values, and you can walk through your entire data using
the Scrollbar on the right. The plot includes a blue line, which represents the Clear day model,
superimposed on your data. It is very important that the data is not shifted on the time axis with
respect to the blue line. This will always be the case for the synthetic data or the data imported from
known sources using the "Import meteo data" PVsyst tool.
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Close  Print  Export Format Previeus Day Mext Day  Clear Sky Model  Help

Meteo for Genéve-Cointrin, Reference year

1 1 1 1 1
Herizental global irradiation, Sum =4.8 [KWh/m®]
—— Huorizental diffuse irradiation, Sum =2.5 [kKWhim®]
—— Horiz. global horiz. Clear Sky  6.54 KWhim®
Horiz. Diffuse horiz. Clear Sky 1.15 KWhi

But this may be different for personal data that is imported with the "Import ASCII meteo files" tool.
If the data are not matching the Clear day model (i.e. are shifted toward morning or evening), this
indicates that the time stamps of the data don't match the PVsyst standard, and all the models using
solar geometry will not work properly.

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

. X
Close Print Export Format PreviousDay NedDay Clear Sky Model Help Close Print Export Format PreviousDay NextDay Clear Sky Model Help
Meteo for Genéve-Cointrin, Reference year Meteo for Genéve-Cointrin, Reference year
1000 - 1000 1]
g T T T T =1 T T T T
Horizontal global irradiation, Sum =6.6 [KWhim?] B | Horizontal global irradiation, Sum =2 8 [kKWhim?] =] |
Herizontal diffuse irradiation, Sum =1 [KWh/m<] Horizontal diffuse irradiation, Sum =2 4 [KWh/m?]
Heriz. global horiz. Clear Sky 6.88 KWhim® _ Horiz. giobal heriz. Clear Sky 6.71 KWhim®
800} ----- Horiz. Diffuse horiz. Clear Sky 1.19 KWy i — 800} ----- Horiz. Diffuse horiz. Clear Sky 1.17 kWh/m e
E - o q g 800 1
] 5
E 400} - § a0l —
200 q 200 1
‘ ‘ Al : : : 2|
L] 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
15/04/90 12/04/90

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

' Time evolution
" Histogram

" Sorted values

Yariables

Iv Horiz. Global
[v Horiz. Diffuse
I~ Horiz. Beam
[~ Mormal Beam

Dates

&+ From /01730 W
ta nA290 W

" Month

W alues
" Hourly
* Daily
" Monthly,

[~ Global Tiled Plane
[ Cleamess Index Kt
[~ Amb. temperature
[~ wind velocity

Irradiation Units

Kwhitday

You will get a scatter plot of the irradiation values against the day of the year. Each point represents
the irradiance for a single day in [kWh/m?/day]. The blue envelope curve describes the Clear sky
model. This plot gives a quick crosscheck of the quality of the data. The Clear sky model is an upper
limit for the measured irradiance, and none of the points should exceed this curve significantly (more
than 3-5%). If larger discrepancies are seen, this indicates that the data are not good.

Graphs of meteo hourly data

_] |

Close  Print  Export  Formnat  Clear Sky Model  Help

Meteo for Genéve-Cointrin, Reference year

mﬁl T T T T

Tndlintion < Whin®.day]

" Horizontal global irradiation, Sum =1208.3 [kKWh/m®]
v Horizontal diffuse irradiation, Sum =608 S[kKWhim®]
—— Clear Day Model

Tables

You can also show your data as tables. You can choose up to 8 values to be put into the table at the
same time, including the irradiance on a tilted plane (transposition model) or the normal beam

component (for concentration).
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As for each data table in PVsyst, you have the possibility to:

Print the table: You will get the Print dialog, where you can add comments to the header of
the table and specify the time range for which you want to print the values.

Export / Copy as text: This will "copy" the full table to the clipboard, from where so you can "Paste"
it directly into an external spreadsheet like MS Excel. Remember that in MS
EXCEL, the imported data will usually be gathered in one single column. To
expand the data to cells you have to use the standard EXCEL options for
importing data: menu «Data" / "Convert...", and here you should choose
«Delimited" / "Semicolon" separator.
NB: The data will be copied with a decimal point. If you are using decimal
commas (international preferences in Windows), you will perhaps have to
change all points to commas.

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

Export / Copy to file:  Will create a CSV file which you can open in any spreadsheet program.
NB: Due to contractual constraints of the METEONORM provider, the
hourly tables of METEONORM data cannot be exported.
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5- Importing Meteo data from predefined sources

In PVsyst it is also possible to import meteorological data from external sources. There is a set of
predefined data sources for which importing has been semi-automatized. To access this option, click
the "Import meteo data" button in the Database window.

Meteo tables and graphs |

Import from known external data sources.

Irnport from & TMeleo data files.
customized format.

Import ASCIl meteo file |

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

External Data Source

Please choosze the Satellight [~_tsv)
Source File

- - [presz Help button to get the full

|Batelight real data [Europe]  1995-2000 ~ | piocedure for obtaining the source

file).

e ?t! Information for importing b

Choose |
Intemal file |
to be created % Change file name
Locatiors
ﬁ Temperatures
Site

Country

B |
Fegm I ‘ Impaort:
“Weal to be read =

I Cloz= |

Hourly data
Monthly Data

Satellight File

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

The following two sections contain complete examples on how to import meteorological data from
the PVGIS project, which covers Europe and Africa and from TMY3 files which cover the United States
of America.
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Importing PVGIS Data

PVGIS (Photovoltaic Geographical Information System) is a research, demonstration and policy-
support instrument for solar energy resource, part of the SOLAREC action at the JRC Renewable
Energies unit of the European Communities (Ispra). You will find a complete description of this
project at http://re.jrc.ec.europa.eu/pvgis/info/fag.htm#tdata. The Gls database covers Europe, the
Mediterranean basin, Africa and South-West Asia

The data is based on calculations from satellite images performed by CM-SAF (Geostationary
MeteoSat and Polar EUMetSat). The database represents a total of 12 years of data. From the first
generation of Meteosat satellites (Meteosat 5-7), known as MFG, there are data from 1998 to 2005
and from the second-generation Meteosat satellites (known as MSG) there are data from June 2006
to May 2010. The spatial resolution is 1.5 arc-minutes (about 3km right below the satellite at 0° N, 0°
W). The coverage extends from 0° N (equator) to 58° N and from 15° W to 35° E. These data are more
representative for the climate of the last years, and show often higher irradiations than the "Classic"
PVGIS.

See http://re.jrc.ec.europa.eu/pvgis/apps4/databasehelp_en.html for further details.
Importing PVGIS data

The procedure to import PVGIS data consists in generating a set of meteo data with the PVGIS web
interface, copying it into the Windows clipboard and then importing it from the clipboard into
PVsyst. We will walk through each of the steps in detail.

Generate a set of monthly data

Open the web site http://re.jrc.ec.europa.eu/pvgis/. In the frame "Interactive access to solar
resource and photovoltaic potential”, click on the "Europe" or "Africa" icon.

Interactive access to solar resource and
photovoltaic potential:

ﬂ
Europe

See also aggregated data of solar and PV potential for

You will get to a page which is divided into two areas. The left part contains a map for choosing a site
location, while the right part is a tool with four tabs, to estimate the potential of PV installations at
the chosen site and for generating meteorological data for that same location.
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The map on the left is a GoogleMap tool with which you can choose a geographical location. Typing
the name of a city or another location into the search field and clicking on ‘Search’ will put the map

at a scale suitable for navigating and easily finding the exact location of your project. Clicking with

the mouse on the map will place the red marker at that position. The coordinates will be displayed
on top of the map next to the search field. Once you are satisfied with the location you can proceed
to generate the meteorological data.
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On the right dialog, select the "Monthly Radiation" tab. You will get a dialog from which you can
select the variables to be considered in the output. Check the following variables to be imported:

- Horizontal irradiatio

n

Dif. / global radiation
Daily average temperature (not available for Africa, will be imported from other sources)
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PVsyst does not make use the "Average Daytime Temperature", as the synthetic generation model
for the daily profile includes the Day/Night effect, and expects a 24h average as input.

Then you choose "Web Page" output option, and click on "Calculate"
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t| [J show graphs
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You will get a new window containing the monthly values for the variables that were selected. The
last line in the table shows the yearly sums of the variables.

& rejrc.eceuropa.el

/MRealc php

Monthly Solar Irradiation
PVGIS Estimates of long-term monthly averages

Location: 4699'54" North, 642'32" East, Elevation: 463 m s,

Solar radiation database nsed: PVGIS-CMSAF

Optimal inelination angle is: 36 degrees
Anaual irradiation deficit due to shadowing (horizoatal): 0.0 %

Month A DG Ton
Tan 1140 0.64 19
) 2070 031 34
[Mar 3450 043 70
[Apr 14940 041 100
[May 5640 0.43 149
[fun 6430 0.40 136
[Tul 6330 038 203
[Avg 5270 039 198
Sep 1160 039 158
Oct 2470 0.49 122
[Nov 1370 0.59 57
Dec 986 0.60 26
[Year 3700 043 110

H,: Irragiation on horizontal plane (Wh'm /day)
D/G: Ratio of diffuse to global irradiation ()
T,,¢ 24 hour average of temperature ($:C)

PVGIS © Euvrcpean Communities, 2001-2012 v




NB: If the window with the data doesn't appear after clicking on "Calculate"”, the cause could be that
your web navigator is blocking the advertising windows. In MS Internet Explorer, you can manage
this in the "Options" of the main menu.

Copy the PVGIS data to the clipboard

Select all text starting from "PVGIS Estimates ..." up to the end of the table. Do not select the legend
of the table. Now Copy the selection to the clipboard by right-clicking on it with the mouse and
selecting ‘Copy’ from the pop-up menu or by using the keyboard shortcut ‘Ctrl-C’.

e jrc.ec.europa.eu/ pvgis/apps4/ MReale php

~
Monthly Solar Irradiation
[PVGIS Estimates of long-term monthly averaged
Location: 4699'54" North, 6€2'32" East, Elevation® 463 mas 1.
[Annual irradiation deficit due to shadowing (h
[ m=m 5 pg Ty
= 1140 os4] E
Eet) B 0.51]
i 3490 79
[apd 1940 0.41] 109
vy 5640 0.43]
o4 iz 4
[aug] 527
[Sep} 4160)
= 2470 2.)
N 1370) 5.7
= = &= =
[vead 3700 1)
H,: Trradiation on horizontal plane (Wh'm/day)
D/G: Ratio of diffuse to global irradiation (-)
T, 24 hour average of temperature (¥C)
PVGIS & Europezn Communities, 2001-2012 V
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Importing the clipboard containing PVGIS data into PVsyst

In the PVsyst main window, choose "Databases”.

Files Preferences Language Lic

Choose a section Content

Full-featured study and analysis of a
Preliminary design project.
- Accurate system yield computed
using detailed hourly simulations,
- Different simulation variants can be
performed and compared
- Horizon shadings, and 3D tool for
near shadings effects study,
- Detailed losses analysis,
- Economic evaluation performed with

Databases real component prices.

Project design

The Databases Window will open, where you click on "Import meteo data".

Meteo tables and graphs |

Import from known external data sources.

Irnport from A meten data files,
customized format.

Import ASCIl meteo file |

The “Import Meteo data” dialog will pop up. In the top left field you can select one of the predefined
data sources. For this example you have to choose "PVGIS". In the top right field there are
instructions in red that inform you on the next step to be taken. Since we have already copied the
PVGIS table to the clipboard (see previous section), we can proceed to click on the “Import” button.
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External Data Source

Please go to the PYGIS web site,
“copy” the dezired data using the

- — procedure described in the Help, and
PVGEIS [Europe + Alfrica) 1981-1990; click "Import” button..

Monthly Data

? | Information for importing

L

Site | ( Impert
Country |

=]
=]

Region I

phical Coordinat T Show sit
Decimal Deg. Min. * e

Latitude IU_DD : ID ID +=Morth, - = South hemisph. -

[ L Save Site
Longibude IU_DU ’ ID ID [+ =East, - = West of Greenwich)
Altitude IU m abave sea level Create Meteo

Time zane IU.D = coresponding to an average difference
Legal Time - Solar Time = Oh Om ﬂ

j{ Close

In the bottom field you should see now the geographical coordinates, altitude and time zone of the
selected location. The message on the top right will ask you to provide a name for the site and to
specify the country where it is located.

External Data Source

lease define the site name.

FYGIS [Europe + Africa) 138141 SSDj

Hourly data
Monthly Data

Information for importing

Site: Impart

Covntry

Region

Geograpl Show zite:

Ema\ Deg. Min
Latitude IU_DD ’ ID ID [+ =Marth, - =S5outh hemisph.] =

Save Site
Longibude IU_DU ’ ID ID [+ =East, - = West of Greenwich)
Altitude IU m abave sea level Create Meteo

Time zane IU.D = coresponding to an average difference
Legal Time - Solar Time = Oh Om ﬂ

ﬁ Close

Once the site and country are specified, you will get a message, now in green, that the data has been
imported successfully, and that you can proceed to save the data in a local PVsyst file. Click on “Save
Site” and you will get an acknowledgement if the data has been saved successfully.
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External Data Source

P¥GIS data imported with success.
You can save them as a "site" [*_sit]
and also create an hourly spnthetic

meteo file [=.met).

I PGS [Europe + Africa) 19811930 -

Hourly data
Monthly Data

? | Information for importing

Site IGeneve Impart

Country

Fiegion I Europe LI

i hical Coordi

B Show sit
Decimal Deg. Min _ ——

Latitude (4518 ° |45 |11 [+ =Maith, - =South hemisph.] ' i
Longitude |5.13 i IB IB [+ = East, - =West of Greenwich] =

Altitude a2 m above sea level

Time zone (1.0 —I conesponding to an average difference
= Legal Time - Salar Time = Oh 35m -i]

E!—EL Close |

When the site file has been saved, the button “Create Meteo” will become active and you can click
on it to generate the hourly data out of the monthly values that have been imported.

L
Site IGeneve
Country |Switzerland ;I
Region IEulope ;I
G hical Coordi

Decimal Deg. Min.

Latitude |4E_1 g |4E IH [+ =MNarth, - =South hemisph.]
Longitude |8_1 3 ¢ IB IB [+ =East, - ="West of Greenwich]

Alitude 1382 m above sea level

Time zane (1.0 :II cormesponding to an average difference J
Legal Time - Salar Time = Oh 35m

b The geographical site file "Geneve_PVGIS.SIT" is now saved in the

4
L . @ database,

Irmport |
Shaow site |

Save Site

The dialog “Generation of Synthetic Hourly Meteo Values” will pop up. Click on “Execute Generation”
and PVsyst will create the .MET file with the hourly values. A message window will acknowledge the

successful generation of the file with the hourly values.
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Generation of Synthetic Hourly Meteo Values -

Source data (site, monthly values)

Country / Region Switzerland Site Geneve

Meteo file to be created [hourly data)

Site [Geneve Source |PYGIS_SAF 1335-2011 Type |Sinthetic
File name |Geneve_PVGI5_SAF.MET
Hourly data generation “
Iradiation units
Global Diffuse Temper. ™ K. day ~
@ [Kehi/ . mth kKiwdhdmE.mth]  [C] & kwhird mth [ e  File "Geneve PVGIS_SAF.MET":
January 369 232 20 " MJ A day . . .
e e g o8 35 ~ Mt mth Generation ended sucessfully
March 1082 487 72 W
Al 147.3 619 oz " Cleamess Index Kt
May 1745 768 15.2
June 190.5 781 189 Generation options
July 1956 743 205 .
August 1621 616 201 2| ¥ Use Monthly Diffuse
September 1233 433 161 ﬂ Fegion typolagy [for termperatures]
October 7E3 381 124 R =" -
November 411 242 59 | wiss Plateau, land, irmportant rmist j

December 288 190 27
Year 13432 5852 12 4 Execute Eenelali ) j-'L Close

Importing TMY3 files

Data files of Typical Meteorological Year (TMY) are available on the web for 1020 stations in the USA,
at the address http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/. They can also be
obtained as a single zip file or on a CD-ROM. These data sets are derived from the National Solar
Radiation Database (NSRDB) and produced by the National Renewable Energy Laboratory's (NREL). A
complete User's manual is available on the web site.

Formerly available as TMY2 (239 stations, 1961-1990 data), since 2008 this database has been
extended to TMY3 (1020 stations, 1991-2005 data). These new TMY3 are based on more recent and
accurate data.

TMY files are data sets of hourly values of solar radiation and meteorological information. They are
juxtapositions of months or periods of real data, chosen in the multi-year data set in such a way that
they represent a typical 1-year period. Their intended use is for computer simulations of solar energy
conversion systems and building systems to facilitate performance comparisons of different system
types, configurations, and locations in the United States and its territories. Because they represent
typical rather than extreme conditions, they are not suited for designing systems to meet the worst-
case conditions occurring at a given location.

Download TMY3 data

NREL TMY3 data can be directly and very easily imported into PVSYST. First you need to download
the data files from the TMY website. You can either get a single file for a specific site or download an
archive with all available data that you need to decompress to get access to the individual files. In
this example we will download a single file and import the data to PVsyst. First open the link
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/ in a web browser. You will get to the
start page of the TMY3 data. In the section “The Data”, follow the link “In alphabetical order by state
and city” (Alternatively you can choose to get a list in numerical order by USAFN number).
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& |9 | @ nede.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/ ¢ | |B - Google Pl B ¥ @

National Solar Radiation Data Base
1991- 2005 Update: Typical Meteorological Year 3

Brief Summary of the TMY3s

This directory contains the data files for the typical meteorological year (TMY) data sets derived from the 1961-1990 and 1991-2005 National
Solar Radiation Data Base (NSRDB) archives. Because they are based on more recent and accurate data, these new TMY3 data sets are
recommended for use in place of earlier TMY2 data. The TMY3 data set contains data for 1020 locations, compared with 239 for the TMY2 data
set.

The TMY3s are data sets of hourly values of solar radiation and meteorological elements for a 1-year period. Their intended use is for computer

i of solar energy systems and building systems to facilitate performance comparisons of different system types,
configurations, and locations in the United States and its territories. Because they represent typical rather than extreme conditions, they are not
suited for designing systems to meet the worst-case conditions occurring at a location.

TMY, TMY? and TMY3 data scts cannot be used. because of in time (solar versus local), formats, clements, and units.
Unless they are revised, computer programs designed for TMY and TMY? data will not work with TMY3 data. NREL provides a conversion
program to reformat TMY3 data to TMY? data (scc the Software section below)

The TMY?3 data sets and manual were produced by NREL's Electric Systems Center under the Solar Resource Characterization Project, which is
funded and monitored by the U S. Department of Energy's Energy Efficiency and Renewable Energy Office

20-AUG-2008 NOTICE

All illuminance values for all TMY?3 stations from January 2 to 31 should be multiplied by 100 to obtain the correct units of Lux
All luminance values for the same dates should be multiplied by 10 for the correct units of Candela per square meter.

NREL will be posting a corrected data set in the near future.

The Data

o IndividuglSé

" o In alphabetical orderpy state and city.

© In numerical order by USAFN mumber. _#'

o All Stations in a Single Compressed File .

You will get a list of all available stations in the TMY database. Find the site you would like to import
and save the .CSV file to which the link with USAFN code in the left column points. You can save the
file in any directory of your choice. The individual TMY files have a size around 1.8 MB and the
filename is the USAFN code for the site. When saving you can change the filename to something
more human readable. If your web browser downloads and saves automatically files of type .CSV,
make sure that you know in which directory the files will be saved so that later on you will find it. If

your browser will automatically open files of type .CSV, make sure that the corresponding application

allows to save a local copy.

RDB update - TMY3: Alphabetical List...

& | |B - Google PR~ & A

€ )P | @ nedc.nrel gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and city.html

National Solar Radiation Data Base
1991- 2005 Update: Typical Meteorological Year 3

List of Sites in Alphabetical Order by State and Site Name

Click on a site number to access the TMY3 file for that site.

Anniston Metropolitan AP Class 1
Auburn-Opelika Apt Class 11
Birmingham Municipal AP Class T

...... ... Cairns Field Fort Rucker Class IT
.. Dothan Municipal AP Class I
...... .. Gadsen Muni (AWOS) Class IIT
Huntsville Intl'Jones Field Class T

723230

722265 Maxwell AFB Class II
722235 Mobile Downtown AP Class II
722230 Mobile Regional AP Class I
722260, Montgomery Dannelly Field Class T v
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Import the data

Once the file has been successfully saved you can leave the browser and in the PVsyst main window,

choose "Databases”.

9
Files Preference

Choose a section

Preliminary design

Project design

Databases

The Databases Window will open, where you click on "Import meteo data".

Lic

Content

Full-featured study and analysis of a
project.

- Accurate system yield computed
using detailed hourly simulations,

- Different simulation variants can be
performed and compared

- Horizon shadings, and 3D tool for
near shadings effects study,

- Detailed losses analysis,

- Economic evaluation performed with
real component prices

Meteo tables and graphs |

Impart from knawn external data sources.

Imnpart fromm A metea
customized format.

Import ASCIl meteo file |

The “Import Meteo data” dialog will pop up. In the top left field you can select one of the predefined
data sources. For this example you have to choose "US TMY3 (or TMY2)". In the top right field there

are instructions in red that inform you on the next step to be taken. Click on the “Choose” button
and find the TMY3 file that was downloaded in the previous step.
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External Data Source

(S ThY3 [or THYZ)

Monthly Data

Please choose the source file
(US TMY3 [~.C5¥) or TMY2 [~.TH2)
[press Help button to get the full
procedure for obtaining the source
file).

? | Information for importing

LS THY file

Intermal file
to be created

CG—

Change file name |

Lacatiors

Site:

Fegion

Impart |

|
Country |
|
I

Data souce

ﬁ Cloze |

When you have chosen the file, the message on the top right will inform you that everything is ready
for importing the data. Under the .CSV-filename that you have selected, the dialog displays the name
of the file it will create for the imported data. You can change this filename to something shorter or

more talking if you wish. Then click on the “Import” button.

External Data Source

Ready for importing.
If desired you may modify the site

Hourly data
Monthly Data

|US T3 for TMv2) 19912005 - |

and target file name.

? | Information for impoiting

LS THY file

722287TY.csv | By Choose

Intemal file B ~ ~ )
t b created Anniston Metropolitan Ap THY3.MET % Change file name ]

Locatiors

Site IAnnislUn Metropolitan &p

Country I United States

Region INDrth America

3 G=2)
Data source |NF|EL: Thi*'3 hourly DB [1951-2008) ﬁ. o . |
0ze

If the data was imported successfully PVsyst will acknowledge it with a short information.
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Importing Meteo data from different sources =

External D ata Source

file Anniston Metropolitan
Ap TMY3 MET completed.

|US Thva or Thiv2) 19312005 ~ |

Hourly data
Monthly Data

A The meteo file for "Anniston Metropolitan Ap" and the corresponding
W' geographical site have been created in the database.

US THY file
Internal file . -
to be created Anniston Metropolitan Ap_ TMY3.MET Change file name
Location
Site IAnnistDn Metropolitan Ap
Country IUnited States LI

ER
Region INorth Amefica d

Data source INF\EL TMY3 houry DE [1991-2008)

l-L Cloze |

If you click on “OK”, the dialog “Characteristics of meteo hourly files” will pop up. In this dialog you
have the possibility to visualize the imported data and to perform some advanced crosschecks to
make sure that the data is consistent.

Meteo File

Site: Anniston Metropolitan Ap Source |NREL: Thi'3 houry DB (1931 Kindvear ITMY

Site

i i i Graphs | Tables | Check dat lit
iiston Metropolitan Ap (United Stat l 2 esl = aaqualyl

Latitude : J3E°N Altitude 186 m rGraph tppe——— Values
Laongitude :  85.8%/ Time zane :-6.0 i« Time evolution @ Hourly
" Histogram  Daily
~Data Ch it " Sonted values © Marnthly
Beginning  07./07./30 D0KOO Legal Time
Erd 12090 2300 Refer. year - Variabl
‘Y'ear 1990 indicates genernic data, i.e. v Horiz. Global [~ Global Tited Plane
it felated tn & particular pesr ¥ Horiz. Diffuse [ Cleamess Index Kt
—Source file |~ Horiz. Beam [~ Amb. temperature
Memze F22297TY.cov [~ Momal Beam [~ Wwind velocity

Format : US Thva
Dates type: Reference year

Time Step 1 hour —Dates Irradiation Units|
Used Horiz. Global © Fon  [010150 | R =
parameters : Horiz. Diffuse ta |31 290 W

Ambient Temper. ) =
wind Yelocity & Days:nbdays [ =
© Month  [Jan j

[% Madify Site | Save Site i g Graph | ﬁ_ Close |




TMY3 format

The TMY3 format is also used for the distribution of other kinds of data (i.e. not
"Typical Meteorological Years" but real data for given years). This is namely the
format used as input for the SAM (Solar Advisor Model). PVsyst has been updated
for reading such annual data, including the treatment of leap years. As an
example, data for 9 stations in India, (generated by NREL from the SUNY satellite
data), are now available for several years (2004-2008) at the NREL web site under
the following link:

http://www.nrel.gov/international/ra_india.html
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6- Importing Meteo Data from an ASCII file
If none of the predefined data sources contains satisfactory data for your project, or if you have
access to a better data source, you can import this data to PVsyst from ASCII files.

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

To import meteorological data from an ASCI! file, click on “Import ASCII meteo file” in the Database
window:

Import meteo data

Impart from ASCI metea data files,

—Data Source
ASCIl source file  D:\Tutorial\P¥syst6_Data\UserDatak=*

Situation Country | All countries j Site Gengve-Cointrin j . Open

~Houly file to be

Site [Gengve Laintin Source [ASCH file Year/Kind [Imparted

Internal file name [*MET] Gen_we-Cointrin. MET Modify |
G

Format protocol file | MNew Converszion format ‘LI Open |
Starting year 1980 Start Conyersion | x Abort | ﬁ_ Llose |

Info - Warning

Pleaze choose the A5CI source file

Follow carefully each step of the conversion dialog.
- Choose your ASCII source file, which can reside anywhere on your disk.
- Choose a name for the site and specify the data source and type.

- Give a significant name to the internal file to be created. This will identify the file in the meteo or
measured data list boxes. Please carefully choose this title since you won't be able to change it after
conversion.
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- Choose the target internal PVSYST file, which will be in the \Meteo\ directory (meteo .MET files).
- Choose or define the Format Protocol interpreter.

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

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

During execution, a control executing window displays the contents of the source-file's line currently
being processed, as well as the actually converted meteo values, which will be transcribed on the
internal destination-file. You have the opportunity of examining the process step by step in order to
ensure that the values are correct. The ASCll interpretation has been made as reliable as possible,
regarding to all unexpected events which may arise on measured data files of any kind. For example,
if the conversion encounters an extra comment or unreadable line, it will ask the operator to skip it.
It also performs some global checks (limits, consistency) on each value. After conversion, you are
advised to check your file with the "Graphs and Tables" tool (either for meteo or for measured data
files), and carefully check the time shift of your data.

Detailed example of importing an ASCII file

For this example we will use the file “DEMO_Import_Geneva_POA.csv” which can be found in the
PVsyst workspace under “UserData”. If you want to follow the example, make sure that you have this
file available in some directory that is accessible on your computer. The file contains meteorological
data for the year 2006 in hourly steps for Geneva in Switzerland. There are several quantities stored
in this file, among which there is the ambient temperature and the Global irradiance measured on a
plane with a tilt of 30°. These two are the values we will use in the present example.

After opening “Databases” in the main PVsyst window and selecting “Import ASCIl meteo file”, you
will get the “Conversion of ASCII meteo files” dialog, which is divided into four fields:

Data Source

Hourly file to be created
Conversion

Info — Warning

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

Data Source

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

ASCIl source file C:AUsers\Bruno\PYsyzt Workspaces\ASCIl_Import\PYsyst6_Datal m

Situation

E

Country | All countries

—

= ||
.|

Open

Gienéve-Cointin LI

| sie

Houily file to be

G enEve-Cointrin

Internal fle name [*MET] Gen_ve-Cointrin. MET

“rear/Kind |Imp0rted

Madify |

Source [A5CH file

C
Format protocol file

Starting vear

I Mew Conversion format \LI Open |
1980 Start Canyersion | x Abart | ﬁ LCloze |

Info - Warning

Pleaze choose the ASCI source file

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

Data Source
4 §ituatinn

Country ISwitzerIand

ASCIl source file  D:ATutorialy

rData\DEMO_Import_Geneva POA_ EbEhoose

Genéve-Cointrin

=] sie @ Doen

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

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

The three fields are:

Site:

Source:

Year/kind:

Hourly file to be created

ite  |Genéve-Caintrin

Source IDemo ASCI file Year/Kind | 2008, hourly

T —
Internal file name [*MET] Gen_wve-Cointin.MET

Modify

The default will be the site name chosen in “Data Source”, but
you can change or complete the name in this field.

Default is “ASCII file”. Here you should put a short label
describing from where the data has been retrieved, e.g. the dat
source filename, or “Measured on site”, or “Provided by Meteo
Inc.”, etc.

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

this label easily in other PVsyst dialogs.

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

o Meteo file name tobe created  — = HEMN|

-l @ Do

"
Filz hame |Geneve_Cointrin_F'DA_ZDUB >

Directory D:ATutonialh Py systs Data\Meteo

Year/Kind |2006, hourly

Modif k X Cancel
sion format | + Open
Save

Define the data format

You need to tell PVsyst what kind of data will be imported from the text file, and where to find the
data fields in the file. This information will be stored in an internal PVsyst file of type *.MEF. You can
create as many of these format protocol files as you like. To create a new format, select “New
conversion format” from the pull down list in the field “Conversion” and then click on “Open”.

Conversion
Format protocol file | Mew Conversion format Ij
Starting pear 1980 | Xabor| I s’}

The dialog “Conversion of ASCII meteo (sub)-hourly files” will pop up. It contains a field “Format
description” where you can give a short label that will identify this format protocol. The dialog
contains four different tabs, “General”, “Date Format”, “Meteo Variables” and “Chaining files”. We
will look in detail at the first three tabs. The last tab, “Chaining files”, is needed if your data is
distributed among several files and will not be described in this example. The lower part of the dialog

gives a visual feedback on how the format protocol that is being defined will apply to the content of
the data source file. Here you can quickly check if the different values have been selected properly or
if there are problems with the format protocol.
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Format description IDemD ASCI import POA,

General |Date Format' MeteoValiab\es' Chaining f\lesl

Saurce File arganizatiorr

+ [Sub)hourly data Time step IBI] minutes
i Daily data

Murnber of head lines to be skipped

IU
Supplement lines at beginning of days IU
IU

Supplement lines at beginning of months

Sample ASCI file—

Chooze |

Fields separata

&
-
~
~
o
~

; semicolon
. COMmma

spaces
TAR

Other l_

Fixed width

The zource file must hold
one record [A5C line]

per time step

x Cancel |

ASCIl source file : D:\Tutorial\P¥syst6_D ata\UserD ata\DEMO_Import_G

1 zl 3

Station Genfve
y data for
Latitude
Longitude|

jo | Day of yea

hefnd of inte

PORPlane of Ar

_PDA csv

9

Eumm.:.mm»—-

Requirements for the format of the source file

The interface for importing ASCII data files expects that the data is organized in
columns and that it is either daily values or values for fixed time steps expressed

in minutes. The columns either need to be separated by an unambiguous

character (including TAB or SPACE) or be of fixed width. The file can contain an
arbitrary number of header lines before the data and it can have a fixed number
of extra lines at the beginning of each month and at the beginning of each day.
The number of these extra lines can be different for the start of months or the

start of days.

Tab “General”

For the example file, which contains hourly data, you can leave the default selection “(Sub)-hourly

data” with a time step of 60 min. The demo file also uses the default separator, which is a semicolon.
In the lower part of the window you can check that the columns containing the data start on line 20

of the file. In the field “Number of head lines to be skipped” you enter therefore 19. In the bottom

display the background of the skipped lines will now turn yellow and you can check that the first line

with white background is also the first line containing data.
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Farmat description D import PO,

ate Formatl MeteoVarlabIesl Chaining fllesl

x Cancel |

Saurce File organizatiorr

" [Sub)-hourly data
i Daily data

Time step Isu s @ ; semicclan

Supplement ines 4

umber of head lines ta be skipped

Supplement ines at beginning of months IU

Fields separator

. COMmma
spaces

TAB

Other l_

Fixed width

e lieNe e e

Sample ASCI file——

Choose |

source hle : D:\Tutonal
1

Date|

-01.08 01:00]
-01.08 0Z:00|
-01_.0& 03:00|
-01.08 04:00|

serlata

The zource file must hold
one record [A5C1 fine)
per time step

-53 1l008.
-85 1007.
-85 1008_
-85 1003.

Tab “Date Format”

In this tab you specify in which column the timestamps can be found, and how they are formatted.
For our example you need to select “Dates read on the file” and choose the adequate format from
the drop down list “Date format”. In this case it is “DD/MM/(YY) / hh / mm”, which means that the
date is ordered as Day/Month/Year and that date and time are not in separate columns. The slashes
are wildcards and represent any non-numeric character except for the column separators. Then, in
the field “No Field on the ASCII line” you specify the column where the timestamp can be found,
which is “1” in our example. In the bottom part of the dialog you will see a green header for the
specified column. Finally you need to specify how the time label is related to the measurements. In
our example the time labels correspond to the end of the measurement.

Time Labels

In PVsyst any hourly value with a time stamp should be representative for the
hour that follows the moment given by the time stamp. Thus, if for example the
irradiance is measured and averaged over an hour, and then labelled with a
timestamp corresponding to the end or middle of this interval, this will lead to a

time shift.
measured
Gh=1103
W/m2
+ t } +
10:00 11:00 12:00 13:00 14:00
T
i H other possible Pvsyst
Pvsyst - time shift
time label b -60 min.
11:00 : -30 min.
- -20 min.
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Format description IDemD ASCI import POA x Cancel |

General  Date Format |Meteo\ialiab\es| Chaining files |

D ate recarding mode Mo Field on the A5CI line Time base——
" Reference year [1 jan - 31 dec, not leap year] ey 7 Solar time

" Senquencial dates, not read on the file —— + Legal time

ates read on the file Surnmer Time—

f’
|—Date format I Apply J
I~ Std Europe

r~Record time label
" Interval beginning

"M = any not numenc character, ' = separator ll

ME : If the dates are nat sequencial [mizsing IU =1 Time Shift [minutes] il
measurements). they have to be read on the file.

Tab “Meteo Variables”

In this tab you specify the type of meteorological data and its location. On the left side of the dialog
you have a field where you can select several meteorological variables. For the example you need to
select “Global on tilted plane” and “Ambient temperature”. For each selected value you will get a line
on the right side of the dialog where you should enter the column in which the variable can be found.
In our example these are the columns 3 for the Irradiance and 4 for the temperature. The default
units for these variables are W/m2 and °C respectively. If the data comes in different units you have
the possibility to specify a factor which will be multiplied to the values. In our example file the units
correspond to the default values and we can leave 1.000 as factor. Once you have specified a field
number for a variable you will see that the corresponding column in the bottom part of the dialog
gets a green header with the variable name. This allows to quickly control if the supplied values are
correct. Since the measurements are for an inclined plane, you have to specify tilt and azimuth of the
plane. In the field “Plane orientation” enter 30° for the tilt and leave the azimuth at zero (south).
Note that this field will only be present if a variable for an inclined plane has been selected in the left
part of the dialog.
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Faormat description IDemUASCII import PO& x Cancel |

General | Date Format  Meteo Vaiables | Chaining files |
Available on the source file Field order on the ASCII line Ml =
[~ Horizontal Global Inadiance _'_PI Field no Cato‘rj: 2 | abtain

I~ Horizontal Diffuse |radiance Global an tited plane « 10000 =W/m2
I~ Horizontal Beam Iradiance [

ol Ambient b I ; =
1"I¥ Global on tited plane Mot empEratre 1.0000

[V Ambient temperature o

I~ wind velocity ga—
If hat present in hourly data, the ambient gprrme onentatidig
temperature and wind velocity will be il Tilk ISD.D :

given in manthly values. Azimuth IUU .

CL/MM/Y¥Y hh-mm

Date|

-06 01:00]
-06 0Z:00]
_0& 03:-00
-06 04:00]

When all the specifications of the format protocol have been entered in the four tabs, click on “OK”
and you will be asked to save the newly defined conversion protocol. Give a meaningful description
that is not too long to fit in a drop down list. Enter a filename and click on “Save”. If a file with the
same name already exists you will be asked to confirm to overwrite it.

Description :
’]Demo ASCI import POA

File name ema_import_PO&

Directary D:ATutonal\PusystE_Data\Meteo

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

ASCI source file D:ATutorial\P¥syst6 Data\UserData\DEMO_Import_Geneva_PO0A.

=]

Choose
e

Situation Country | Switzerland Site Genéve-Cointin

Houily file to be

Ste  |Gengve-Coirtrin Source |Demo ASCI fle “Year/Kind |20, hourly

Madify |

|Demo_import_POA_MEF : Demo ASCIl import POA = | {5 T

Internal fle name [*MET] Geneve_Cointrin_P0A_2006.MET

G

Format protocol file

x Abart | ﬁ;lose |

- B Start Canversion ’

In the example file the timestamp in the last line of data is already the first hour of the following year

(2007). You will be prompted with a corresponding warning message that you acknowledge by
clicking on “Yes”. When the conversion is finished you will get a prompt where you click on “OK”.

Conversion of ASCIl meteo (sub)-hourly files

Data Source
ASCI source file

D:

A\Tutorial\P¥syste_Data\UserDataA\DEMO_Import_Geneva POA.

Situation

Country ISwitzerIand

Site | Genéve-Cointrin

5 =l

@Y Reading 01/01/07 00hOO :
WY Limitation of the file at 12 months!

Hourly file to be

Internal file name [*MET]

Site  |Genéve-Cointrin

Stops the conversion |

Source IDemn ASCI file Year/Kind |2006, h

Keep the generated file anyway 7
Geneve_Cointin_PDA_2006 MET

G

Format protocol file

|Demo_import_PDAMEF : Demo ASCIl import POA  ~|

x Abart

Start Conyersion |

i Verification of the

ASCI source, line nb:

8768

ASCI Line content
31.12.06 13:00,365:591

JA27631.41.6:1033.9;:;

rCorverted value
Interval beginning date

Horiz. Global

309 ‘w/m2, Difuse

31712406 12h00

120 wW/m2, Amb. Temp. 12.7

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



@o% You are advised to carefully check time labels definition in the
WY produced file
Time mismatch may result in very high errors during transposition

process,especially on mornings or evenings, due to solar geometry
calculations,

You can check data time by using daily graphs, and superimpose the
"clear day” model on the Global irradiance data. For good days the
curves should match the data bin centers.

If not matching, corrections can be made on the "Time label definition”
in the ASCll reading format, or by changing the "Time zone" in the
geographic site,or even by changing dates labels in your ASCIl source
file.

Do you want to open daily graphs now ¥

Check the imported data

You should always perform some basic checks on the meteorological data that you want to use for a
simulation of a PV installation. PVsyst offers a variety of tools to do this in the dialog “Characteristics
of meteo hourly files — Tables and Graphs” that will pop up when you select “Yes” in the final prompt
after importing an ASCII file as described in the previous paragraph. If the newly created file does not
show up in the “Meteo File” drop down list, it could be that the program missed to update the list
properly. In this case you need to exit PVsyst, restart it from scratch and access the dialog from the
main window by selecting “Databases” and then “Meteo tables and graphs”.

Meteo File | -] 2 |
Site Iﬁenéve-CUinlrin Source IDamU ASCI file Kind#vear | 2006, hourly

Site

5 RorA R Graphs | Tables | Check dat lit

Genéve-Cointrin  (Switzerland) | 2 esl il qua'yl

Latitude: 46.2°M Alttude: 418 m rGraphtype——— Yalues

Longitude: B1°E Time zone ;1.0 = Time evolution = Hourly

" Histagram " Daily

~Data Ch ok ' Sored values  Monthly
Beginning  01/01/06 00hQO Legal Time
End 31/12/06 23h00 I

Fiealy measured data ¥ Horiz. Global I~ Global Tited Plane
|¥ Honiz. Diffuse |~ Clearmess Index Kt
I~ Hoiiz. Beam I~ &mb. temperature

Ll

Source file
Mame : DEMO_Import_Geneva PO& csv [~ Momal Beam [~ 'wind velacity
Format : Dema_import_POAMEF I~ GlobP measured
Dates tpe : not sequencial

Time Step 1 hour Date: l tion Units |
Used Col. plane Global © Fom 01008 V| R =
parameters © tilt 30°, azim. 0", Albedo 0.20 to 326 W

-

Driffuse from model

4 =1
Ambient Temper ® Daygrbdays 1 =

=

i Manth Jan ﬁ

Madify Site | Save Site | Print ﬁ Graph | ﬁ LCloze

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

96



etea File IGenave_CDinlrin_PDA_2Genéve-Cointnn Diema ASCI file 2008, haurly j ? |

Site IGanéve-Co\ntrin Source IDemo ASCII file Kind#y'ear |2DDB, hourly
5t Check d i
eck data qualit
Genéve-Cointrin (Switzerland) Giaphs]/§lables ety |
Laitude: 462N Abude: 418m heltetecliieenlolbaUR
Longitude :  B.1°E Time zone :1.0
Data Ch
Beginning  01/01/06 D0hOO Legal Time
Erd A1 2/06 23ha0 Average time shift on clear days: 4 minutes
Feally measured data &0
T T T T T T T T T 1T
sofe SEeSEECRaaaaEEEEeaaaEE ]
Source file ofe a ° ° . a
Mare : DEMO_Import_Geneva P04 cav ] w o
Format : Dremo_import_POA MEF S ]
Dates type : not sequencial 50 N N N TR T T N N N N |
Time Step 1 hour Jan Feb Mar Aor Mav Jun Jul Aua Sep Oct Nov Dec
Uszed Coll. plane Global j B R .
parameters : il 30", azim 0, Albedo 0.20 T~ Apply time shift correction [ e 2
Diiffuze from model
Ambient Temper. Graph : IHour\y Kt moming/evening j

15 Modify Site | i Save Sie Prirt | ¥ Graph | j‘{ LCloze

There are two more ways to visualize possible time shift contained in the data. The first one is to look
at the clearness index for morning and afternoon hours. The orange dots show the clearness index as
a function of the sun height in the morning, while the green dots show the same information times
after 12:00. Both colors should follow roughly the same distribution. The other possibility is to
compare the daily evolution of the measured irradiation (global and diffuse) to the clear sky model. If
you select “Monthly best clear days” from the “Graph” pull down menu, you will get a plot like the
one shown below on the right side. PVsyst selects for each month of the year the day that fits best to
the clear sky model. You can scroll through these 12 plots with the scrollbar on the right. You should
see no significant horizontal shift between the measured data in black and the clear sky model in
blue.

Close Print Export Format Help Close Print Expot Format Previous Day MextDay Clear Sky Model Help
Clearness Index for Morning and Afternoon hours Time shift Meteo for Genéve-Cointrin, Data recorded from 01/01/06 to 31/12/06
‘Genéve-Cointrin;Demao ASCII file;2006, hourly carrection .|
e T T T T T =i 10007 T T T T T
Morning Horizontal global irradiation, Sum =6 [KWh/m? dl
08 = Afterno . B Horizontal diffuse irradiation, Sum =1.4 [WAhim]
—— Clear day, Jyne Horiz. global horiz. Clear Sky 2313
0zf —— cwaardawmnar , 00| ----- Horiz. Diffuse horiz. Clear Sky 4.10 ,
il L e |
- N |
2 08f B = sl B
- E
i 3
G oosk 10 5
H H
£ 3
E H
o 0af B = a0} B
03 ., B
0z} 4 200 4
01l 058 0 I ST
o = . ‘ =If
o 70 ] 3 6 2 12 15 18 21 24
Sun height * 07104106

Example with a time shift

For this example we will use the file “DEMO_Import_LaRochelle_POA.csv” which can be found in the
PVsyst workspace under “UserData”. If you want to follow the example, make sure that you have this
file available in some directory that is accessible on your computer. The file contains artificial
meteorological data for the year 2006 in hourly steps for the city La Rochelle in France.
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The variables and the format are the same as in the previous example. The timestamps in the file are
shifted by 29 min. with respect to the actual measurement time, to provide an example where
checks on data quality and subsequent corrections can be exercised. This file does not contain data
that can be used in a real project, it is meant only for learning purposes.

First we will import the data in the same way as in the previous example, replacing the site name and
location by La Rochelle, France. Since the format of the file is the same, you can reuse the format
protocol. When you have filled all the fields, click on “Start Conversion”.

o Conversion of ASCIl meteo (sub)-hourly files = =

Data Source
ASCIl source file  D:\Tutorial\P¥syst6_Data‘\UserData\DEMO_Import_LaRochelle P Choose

Situation Country | France j Site  |La Rochelle j @ Dpen

Hourly file to be created

Site  |LaRochelle Source |Demo ASCH file Year/Kind [2008. hourly

Internal fle name [*MET] La_Rochelle_PDA_2006. MET

Conversion
Format protocol file |Demo_import_POAMEF : Demo ASCIl import POA  ~| [T Open

' X o | i cose

During the conversion you will get the same prompts as in the previous example that you can
acknowledge. In the end you should get the window “Characteristics of meteo hourly files — Tables
and Graphs” where you can visualize the hourly data. Check in the top field that you are looking at
the data from La Rochelle that you just imported. If you do not find a corresponding entry in the pull
down list, PVsyst has not updated its information properly. In this case you need to exit PVsyst
completely and restart it. From the main window choose “Databases” / “Meteo tables and graphs”.
You should now find an entry for La Rochelle in the drop down list at the top of the window.

Select the tab “Check data quality” where you find again the small control plot displaying the time
shift that PVsyst estimates for the imported data. In the current example an artificial time shift of 29
min. was introduced in the data. As seen on the plot, PVsyst estimates the shift to be 25 min., which
is very close to the real value.
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Meteo File | 1~ 2 |

Site ILa Rachele Source IDemo ASCII file Kind#y'ear |2DDB, haurly
i Check d i
eck data qualit
La Rochelle ({France) Giaphs]/§lables ety |
Laitude: 461N Akiude: Bm UGt (e ([l aeems @ be 01X
Longitude :  1.1% Time zone :1.0
Data Ch
Beginning  01/01/06 D0hOO Legal Time
Erd A1 2/06 23ha0 Average time zhift on clear days: 25 minutes
Feally measured data &0
LA N R A P B B B B
E11] A T Qg ]
—Source file 0 ° o © ® g
MName : DEMO_Import_LaRachele_POA. cs
Format : Dremo_Fomat. MEF S ]
Dates type : not sequencial 60 [ R R T T N R N RN
Time Step 1 hour Jan Feb Mar Aor Mav Jun Jul Aua Sep Oct Nov Dec
Uszed Coll. plane Global 3 B R .
parameters o il 30°, azim. 0°, Albedo 0.20 I” Apply time shift correction IIJ mirites .l]
Diiffuze from model
Ambient Temper. Graph : IHour\y Kt maoming/evening j

15 Modify Site | i Save Sie Prirt | ¥ Graph | j'L LCloze

There are two more ways to visualize the time shift contained in the data. The first one is to look at
the clearness index for morning and afternoon hours. The orange dots show the clearness index as a
function of the sun height in the morning, while the green dots show the same information times
after 12:00. Both colors should follow roughly the same distribution, which is clearly not the case in
the example, where the morning hours have higher Kt on average. The other possibility is to compare
the daily evolution of the measured irradiation (global and diffuse) to the clear sky model. If you
select “Monthly best clear days” from the “Graph” pull down menu, you will get a plot like the one
shown below on the right side. PVsyst selects for each month of the year the day that fits best to the
clear sky model. You can scroll through these 12 plots with the scrollbar on the right. You notice that
there is a horizontal shift between the measured data in black and the clear sky model in blue. Also
the deformation of the global diffuse curves on the sides is an artefact caused by the time shift in the
data.

Close Print Export Format Help Close Print Export Format PreviousDay NextDay Clear Sky Model Help
Clearness Index for Morning and Afternoon hours Time shift Meteo for La Rochelle, Data recorded from 01/01/06 to 31/12/06
o La ASCII file;2006, hourly correction 51
1 T T T T T 10007 T T T T T T —
= Morming [ Horizontal global irradiation, Sum =B [KW¥hip} =] |

08f- f  Afefnoon 1
—— _Cléar day, June

Horizontal diffuse irradiation, Sum =2 [kphip:
Horiz. global horiz. Clear Sky 8.44 kithig
i goo)- -~ Horiz. Diffuse horiz. Clear Sky 1.2¢ kif

Cleamess Index KL

Sun height *

To fix the time shift in the data, two things need to be done: First the data has to be imported again
applying the correct time shift. Then PVsyst needs to be told that the data contains a time shift. This
is achieved by checking the field “Apply time shift correction” and supplying the corresponding shift
value in the field next to it.

99



[+ Apply time shift correction 29 minutes _1]

In practice you will only need to worry about the first step, since PVsyst will automatically check the
option “Apply time shift correction” and insert the correct shift, when you import the data with a
time shift.

Importing the data with a time shift

Proceed again like in the previous example, making sure to specify a different output filename and a
comment that a time shift will be applied. Choose the same format protocol as in the previous
examples and click on “Open”.

Data Source
ASCIl source file  D:A\Tutorial\P¥syst6_Data\UserData\DEMO_Import_LaRochelle P Choose

Situation Country | France ;I Site  |La Rochelle ;I . Open

~Houly file to be
Ste  |LaFiochells Source [Demo ASCI fil ‘Year/Kind 2008, +29 min shill

Internal fie name [*MET]  La_Rochelle_POA_2006_29min_shift MET ) Modily

G

. ——
Format protocol file Demo_import_POA MEF - Demo ASCIl import POA vl Ope, kl

~—

Start Corwersion | x Abort | n LCloze

The dialog for defining the format protocol with appear on the screen. Choose the tab “Date
Format”. In the field “Record time label” specify a time shift of +29 minutes. You might also want to
change the comment in “Format description” at the top of the dialog.
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Demo ASCI POA +29 min. shift - x Cancel |

General  Date Format | Meteo Variables | Chaining files |

Date iecarding made Mo Field on the ASCI lin Time base——
" Reference year [1 jan - 31 dec, nat leap year] DOMMAY hhemm r " Solar llrne
" Sequencial dates. not read on the file & Legaltime

& Dates read on the file

Summer Time——
[~ &pply il
I~ Std Europe

rDate format

|DDMMAYY) 2 b ¢ o |

B Record time label
" = any not numeric character, ' = separator ll soordime 3 =

MEB : If the dates are nat sequencial [missing "'. ll
meazurements]. they have to be read on the file.

ASCHl source file : D:\Tutorial\PV¥syst6_D ata\UserD ata\DEMO_Import_LaRochelle PDA.csv—
DD/MM/YY hhomm Z2|GliMeas:| T Emb 4 E & 7|
Station a Rochellle
y data for DEMO - not use these data !!!
Latitude| 48.15
Longitude 1.15f
jo Day of year
hefnd of ipterwval,| UTC+1
POAPlane of] Array Irradian

E-Jmm.awnk-

When you are done, click on “OK” and save the new format protocol under a separate filename. Now
you can start the conversion again and acknowledge the warnings and prompts until you get to the
window with the control plots. You will notice, that in the small control plot the twelve points now
scatter around the orange line which marks the time shift that is being applied.

MeteaFile ] | vI @l
Site ILa Fochelle Source IDEI‘HU ASCI file Kind/Year IZDDB, +23 min sh

Site

Graphs | Tabl Check data quality
La Rochelle (France) Spelila s |
. N . The meteo values are shifted by 32 minutes by
Lal'u’fde o 4ETN Alitude . Bm respect to the time defined by the Timezone of
Longitude :  1.1% Time zone ;1.0 your site.

Please redefine the "Record time label” in the
format protocol, or adjust the Timezone of the

B H

—Data Ch szt site.
Beginning  01/01/06 00hOO Legal Time
End F1/12406 23h00 r_Avelage time shift on clear days: 32 minutes
Fieally measzured data 120
T T T T T T T T T 1T
S0 1
i Source file o
Mame : DEMO_Import_LaRochele POA Cs o® o o
Foimat : Demao_PO&_29min_shift MEF 30 oo ] a o o ]
Dates type : not sequencial 0 T N R N N S N SN R
Time Step 1 hour Jan Feb Mar Apr Mav Jun Jul Aug Seo Oct Mov Dec
Used Call. plane Global . B N .
parameters : filk 30, azim, 0%, Albeda 0,20 v Apply time shift correction |29 minutes .@]
Diiffuse fram model
Ambient Temper. Graph : Hourly Et momming/evening -

5] Modify Site

EB Save Site Print | ﬁ Graph | ﬁ Close

When you now look at the plot of the clearness index Kt for morning and afternoon, you notice that
the two distributions do not differ much anymore. Also the curves of the global and diffuse
irradiation on the horizontal plane are not shifted anymore with respect to the clear sky model.
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Close

Clemess Indes Ki

Print Export Format Help
Clearness Index for Morning and Afternoon hours Time shift
. La Rochelle;Demo ASCII file;2006, +29 min shift, Time shift = 20 minutes correction
5 T T T T

+ Horming [

08f- = Afernooh, E
—— Clear day, June -

0.8 == Clear day, deeember " L e
07| g
08l g
0.5 B
0.4} i
0.3 B
02| g
0l E E
0.

Sun height *

Close Print Export Format PreviousDay NextDay Clear Sky Model Help
Meteo for La Rochelle, Data recorded from 01/01/06 to 31/12/06
1000 j‘ T T T T T
Horizontal global irradiation, Sum =8.2 [kWhing]
— Horizontal diffuse irradiation, Sum =17 [ /7R
—— Horiz. global horiz. Clear Sky 30.39
a0l Horiz. Diffuse horiz. Clear Sky 4.52 i
g s00 | 4
E 40| g
200} g
. y
0 3 8 9 12 15 13 21 24
03/06/08

102



