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PVsyst Outline

Required software
Component Library
System Defaults / Global Parameters

Meteo

v A w N e

Project description
Project weather and site (variant)
Orientation
Horizon
Near shading
System (inverters, modules, strings, detailed losses)
Simulation

D OO0 oW

6. Additional adjustments

Limitations

* This guide is a “how-to”, and does not explain in-depth how certain parameters used in the simulations
are derived, nor the algorithms used “behind the scenes”
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* See extensive PVsyst help for further information for PVsyst functionality
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Tools

e Required
— PVsyst V6.46 www.PVsyst.com

— NOTE: V6.27-6.29 are affected by a bug which results in an error in the electrical model calculation for CdTe

PV modules

e Optional
— Google Earth http://earth.google.com

— METEONORM http://www.meteonorm.com/pages/en/meteonorm.php

e Additional Documents and Aids for
First Solar CdTe module technology
modeling can be downloaded here.
The Energy Bundle package contains:

@ PD-5-301-04-3 M5 Rev 1.0 Parametric Descriptions of First Solar Series 4 (V3) PV Modules ...

E PD-5-390 Rev 1.2 Module-Related Parameters for PVSYST Simulations of PV Systems Con...
E PD-5-420-04 Rev 1.0 Module Characterization Light Response of F5 Series 4 PY Modules,pdf
@ PD-5-421-04-03 Rev 1.2 Temperature Response of FS Series 4v3 PV Modules.pdf

E PD-5-422 Rev 4.3 Module Characterization Spectral Response of FS Series PV Modules.pdf
ﬂ_ﬁ‘ PD-5-423 EX Pwat and AM Rev 3_0.xlsm

@ PD-5-423 Rev 3.0 Module Characterization Energy Prediction Adjustment for Local Spectr...
E PD-5-442 Rev 1.2 Angle of Incidence Response.pdf

EC] PD-5-444 Rev 2.0 CdTe PV Medule Spectral Shift Effects.pdf

| 1) 54V3 PAN File Bundle Q116 (1).zip

© Copyright 2015, First Solar, Inc.
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Component Library

First Solar.

© Copyright 2015, First Solafiiinc.




PVsyst Files in the Component Library

C:\Users\(Username)\PVsyst6_Data\

* Inverter .OND and module .PAN definiti
copy custom files here in appropriate
subfolders*

* Imported hourly weather.

MET
IL2) &drnin
e Qutput variable selection model for ComzEsrt
hourly output .SFI [)DataMeas
Meteo
Models

I

* Project.PRJ & .VCx

* Geographic site definition .SIT

Y
N

e ‘8760’ .CSV hourly output

Important

File  Edit

Wiewy  Fawvorites  Tools  Help

Ban:k A Q @ pSearch

addres

C:\Users\(Username)\PVsyst6_Data W

Mame =~

[ﬁDther

Pru:]ects

|01 5hadings
D) Sites
I Userdata

& ComposPV
Fle Edit Wew Fz ?

e Back -

Mame =
) Batkeries
&)Gensets
ﬁlnverters
[C)Pumps
C)PYMadules
[CRequlatars
[E)RequlPmp
) 5ellers

CEX

&

© &

Go

”y

»

Gn:u

* User must restart PVsyst after adding components for it to appear in the database.

© Copyright 2015, First Solar, Inc.
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Set Up Hidden Parameters

Select “Edit hidden parameters”

Hidden PVSYST Parameter Edition == e]

These parameters should be modified only by expert users !

- PVsyst V6.34 - PREMIUM - Photovoltaic §stems Software

Languare Lic

I Cateqgory |System design parameters j I
Content
Identifier Value Default
- . Meteo and components databases
Preliminary design management. “oltage iniial degradation, CdTe  [0.00 % rile]

Meteorclogical data

- Monthly and hourly files, synthetic
hourly data generation,

-Analysis and check of hourly data
files,

Heat Loss Factor free mounting (30,70 W |l

5 e Heat Loss Factor semiintegrated  [20.00 W mEk Wl
Project design g L

Heat Loss Factor fully integrated 15,00 Wit WL

SmpantfaiT macy dveesc: sooes. HeatLoss Factor according to Wind Yelacity  |0.00 R i
Databases Component database Heat Lass Factar minimal value  [10.00 WK 7S

- (P modules, inverters, batteries,

pumps, controllers, gensets, etc. ) Heat Loss Factor maximal value  [50.00 M mER Ml

Incidence Angle Modifier bo parameter (005 W

Copper Resistivity (at T=50"C)  [16.80 mOhrn e [
Aluminium Resistivity (at T=50°C)  |3150 mOhmmm*® [ | |

I ¥ Save modifications for other sessions I X Cancel | W OK

Important

* For simulation of First Solar Thin Film modules, set defaults to align with First Solar module technology
guidance (see summary on slides #8 and #9).

© Copyright 2015, First Solar, Inc.
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Summary of Typical Parameters

Parameter

Unit

Category

Thermal Parameters

Module Quality-
Mismatch

Soiling

Spectral Loss

IAM Losses

Constant loss factor K¢

Wind loss factor K,
Module Quality*
LID — Light Induced Degradation®
Power Loss at MPP

Loss when running at fixed voltage
Select User defined profile Yearly
soiling loss factor

Monthly spectral shift factor®

bo

W/m?2-K
W/m2-K/m/s

%

%
%
%

[unit less] %

%

[unit less]

Value or Setting
30.7
0.0

0.0
0.0
1.0
0.0

Site Specific Input

Use First Solar Spectral Adjustment Calculation
Aid PD-5-423 EX and insert resulting values

(Typically -1% to +5% as delivered from local
meteo data)

Defined in module file

© Copyright 2015, First Solar, Inc.
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Summary of Typical Parameters

Category Parameter Value or Setting
Axis Tilt Degrees 0.0
Tracking Parameters  phj Min/Max (min/max tracking angle) Degrees Dependent on chosen structure

Backtracking Yes/No No (unchecked)

More details on module related parameters can be found in “Module related parameters for PVsyst Simulations of PV Systems” included in the Energy
Prediction Bundle package.

© Copyright 2015, First Solar, Inc.
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Meteo

First Solar.
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Weather Data Sources

Hourly Meteo Data Monthly Meteo Data

e USTMY3 - (typical meteorological year) e WRDC (World Radiation Data Center) — provides
compilation of measured hourly data chosen monthly irradiance from 1195 international sites,
. - .D incl
among 1991-2005 from over 1400 US locations averaged from 1964-1393. Does not include

temperature.

* Solar Power Prospector — (NREL) click e NASA-SSE* — (Source Meteorological Data Center)
‘Download’, location on map, ‘TMY Format’, Satellite data for 1° x 1° grid for a ten year period
‘Typical Meteorological Year’ to download (1983-1993)
interpolated TMY3 for any US location using *  METEONORM*— hourly values are synthesized using a
various GIS datasets similar method to PVsyst's internal monthly to hourly

data generator
e SolarAnywhere — (Clean Power Research) 10 km

tiles from 1998-2009 (public data for the US, free
through 2012 only, nominal fee for current data,
includes GHI/DNI/DHI only)

e Other sources include Helioclim-2, GeoModel .
For more detail on weather resources, please refer to NREL's “Best

Solar, CIMIS, EnergyPlus (DOE)' M (U of A)' Practices Handbook for the Collection and Use of Solar Resource
3Tier, etc. Data for Solar Energy Applications” TP-5D00-63112.

*available in PVsyst database

© Copyright 2015, First Solar, Inc.
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Weather Data Considerations

* Use the highest resolution data available
(choose hourly TMY3 files over monthly
data sources when possible).

e Comparable altitudes should be sought, and
geographical features, etc., should be
considered (ex. intervening mountain
ranges or information regarding
microclimate anomalies).

* When using tools such as METEONORM
that interpolate weather data for the
desired site, beware of coastal stations that >
may pull down the average annual
insolation of nearby inland sites.

5 © Copyright 2015, First Solar, Inc.
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Importing Weather Data

Choose Databases

Click on Import meteo data

PVsyst V6.32 - PREMIUM - Photovqitaic Systems Software

Choose a section

Preliminary design '
Project design '

(===

Content

Please choose an option

Databases

~Meteo

Gepgraphic sites management with rmonthly
meteo data.

Geographical sites |

Monthly data => Hourly data.

Bynthetic hourly data generation

alization, analysis and quality check of
houtly data files

Meteo tables and graphs |

ort from known external data sources

3

Import meteo data |

Import from ASCI meteo data files.
customized farmat.

Import ASCIl meteo file |

(===

~Components D

P4 rodules

Grid inverter

Battaries

Regulators for stand-alone

Generatars

Pumps

RFegulators for pumping

Manufacturers and Retailers

B Exit

© Copyright 2015, First Solar, Inc.
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Importing Weather Data, continued

Select external source type to

match the downloaded meteo \

' Importing Meteo data from different sources

~External Data Source

data. D [USTMYa (arTMy2)  1331-2005 =l

Browse for desired TMY3 .csv
or METEONORM .dat file — |

Choose .MET file name —— |

Define country/region and site

Hourly data
~ Monthly Data

\\

If desired you may modify the site and

?

= f=r=]

Ready for importing.

target file name.

Information for importing

Internal file
to be created

S THY file
w — |

Phoenix Sky Harbor Intl Ap_TMY3.ME

Change file name |

na me Location
Site |Phoemx Sy Harbar Intl Ap
-~ Impart |
Ciountry JIlJ-DJJEiD‘ 4 i | [l
Im po r‘t tﬁegon INorth America j I-LCIUSE |
- i = - e e e mma Amae

© Copyright 2015, First Solar, Inc.
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Reviewing Weather Data

| Characteristics of meteo hourly files - Tables and Graphs (=== :
Meteao File IPhoenix Sky Harbor Phoenix Sky Harbaor MNEEL: ThY'3 hourly Thy j ?
Graphs of meteo hourly data =
St [PhoenicSkyHamoritiAp  Source [NREL TMY3 hourly DB (1391- Kind/Year [Thv S — =0
Sit Meteo for Phoenix Sky Harbor Intl Ap, Reference year
~Site
) ] Graphs |Tables I Check data qualityl 1000 2] ; y . .
BRIX Sky Harbor Intl Ap (Unlted Sta Horizontal global irradiation, Sum =3.4 [KAh/m] 3
Horizontal diffuse irradiation, Sum =0.8 [KWhim?]
Latitude: 334N Alttude: 337 m ~Craphtyps— Values—— | | [T G Db oG Sk 27 i
Longitude: 1120%  Time zone -7.0 @ Time evolution & Hourly sl ]
 Histogram © Daily
P ratn Chararta s " Sorted values  Manthly
Beginning  01/01/90 00h0O0 Legal Time i 800 i E
End A A12490 23h00 Refer. year g
“Year 1990 indicates generic data, ie. ¥ Horiz Globsl I” Glohal Tilted Plane [
not related 10 a particular year ¥ Horiz. Diffuse ™ Cleamess Index Kt E
a0} —
= I Honz. Beam I Amb. temperature
- Source file ) )
Mame:  Thv3Phoenix Sky Harbor Il AP.C ] it LB eloe
Format: LS Thi%'3 o ] o
Dates type : Reference year =
Time Step 1 hour ~Dates ~Irradiation Units — 5
1 01401490 W =
Used Horiz. Global i i W -] . LT ‘ ‘ =l @
parameters : Hariz. Diffuse o if1eden W 0 3 6 ) uugmn 15 18 21 24 17
Ambient Temper. Cihavsrhd S "‘:
Wind Velocity sysinbdays 12 o
" Month |Jan :ll <
. -
Click Graph to check GHI 5
= >
Wodify Site | Save Site | 2 Print | ¥ Graph |H Chee : . 2
against clear sky model 8



Reviewing Weather Data

| Characteristics of meteo hourly files - Tables and Graphs (=@ =] .
Metea File |PhoenixSkyHarborPhoenixSkyHarborNREL: ThY'3 hourky THY j o
Site IPhoemx Shey Harbar Intl Ap Source [NREL: TMY3 hourly DB (1991- Kind{Year |TN1Y

Sie ] Check time shift

_ R Graphs I Table
enix Sky Harbor Intl Ap (United Sta

This Meteo file seems to be OK
Latituce : 334N Altitude: 337 m

Longitude : 11207 Time zone 7.0 < CheCk Site info

 Data Characteristics

Beginning  01/01/90 00hO0 Legal Time
End /12780 23000 Refer. year Average time shift on clear days: -4 minutes
“ear 1990 indicates generic data, i.e. 60 T T T T T T T T T T T
not related to a particular vear
3O+ v e
~Source file 5 5 5
Mame:  TMY3-PhoenixSky Harbar Intl AP.C o ks % e vl ]
Format: LIS ThY3 P ] E
Dates type : Reference year - Lo E‘
Time Step 1 hour Jan Feb Mar Aor Mav Jun Jul Aua Seo Oct Nov Dec ©
(%]
Used Horiz. Global , y . @
parameters | Horiz, Diffuse [~ Apply time shift correction |U mmuiesﬂ =
Ambient Temper. ™
Wind Velocity Graph : IHDurIy Kt roming/evening j =
o~
=
<=
.20
o R ; | | = | S 1 §
= Modify Site | By Save Site |é_%;mu 1 o =y I AT ooee | ave Slte (&)
©
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Creating Site

* If meteo file is not colocated with power plant site, create new geographic site, by going to
Geographical Sites then click New.

. Databases === - Choosing a geographical site

Meted database ————  Components Database
Country | Brazil j
Vgraphic sites management with monthly P4 modules
AL
Geographical sites | Giridl inverter \

Towh [Cauntrs IData source
FirlAam Rraril tatrnnnmrm B 1

Maonthly data => Hourly data Batteries Fialn Horiznnta Rrazil Metennnrm R 1
Rrasilia Rraril tetrnnnm R 1

Carmvelas Rrazil Metrannm B 1
Carnlina Rrazil Metranarmm B 1
Cuiab# Rrazil Metranarm B 1
Flnrisnn Rrazil Meteannmrn R 1
Rrarzil tetennnm B 1
Rrazil Metranarm B 1
Rrazil Metrnnamm B 1
Rrazil hetrnnanm R 1
Sakeadne Rraril tetronnmm B 1
SEn | uis Rrazil Metrannm B 1

Regulators for stand-alone

Synthetic hourly data generation

Yisualization, analysis and quality check of Generatars
houtly data files

Meteo tables and graphs | Pumps SEn Prnln Rraril Matannam f 1
San Rnnua raril ThA frrmat 200K
Irnportfrom known external data sources. Fegulators for pumping
Import meteo data | Manufacturers and Retailers

Importfrom ASCH meteo data files.
custormized format.

Search liﬂl

Import ASCIl metea file | [=] Exit
& Setfavorites | Export | 03 New | Open

© Copyright 2015, First Solar, Inc.
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Creating Site

Either select from INTERACTIVE MAP

* Geographical site parameters
Geographical Coord\natees' Manthly metea  Interactive Map |

Please click on the desired location, then import data to PVsyst.

oo

.

Picacho

| Address: |:!2,7;sﬂ,2a Search | |

n;csmmmATm ofUse Reportemapemor ™

Coigle

== =]

1

Selected point

Locality

Country
United States

Latitude (7)
3275

Longitude (%)
-111.43

Altitude (m)
523

Time zone
=r

v
3 mport

[ New Site | & Print | X Cancel

o OK

or

Enter it MANUALLY

2

. Geographica\dts parameters

Geographical Coordinates | tanthly meteo | Interactive Map |

===

 Location
Site name ISampIe Site
Country |Umted States j Region  |Morth Ametica j

 Geographical Coordinates

__ 3un paths |

Please define the site name.

. Show map

~Meteo data Import

& Meteonorm B.1
© NASA-SSE

:¥ Import |

Decimal Deg. min

Latitude 3275 [1 |32 45 (+ =Marth, - = South hemisph.)
Langitude -111.43 [ 111 |26 (+ = East - =West of Greenwich)

Altitudle 523 M shove sealevel

Time zane -7.0 j‘ Carresponding 1o an average diffierence

Tabular /O (Excel)

ﬁlmpun |
By Exportling |

Legal Time - Solar Time = Oh 26m ﬂ Exporttable |
B New Site | & Print | X Cancel | 7 OK

© Copyright 2015, First Solar, Inc.



Creating Site

. Geographical site parameters [ @ =] . Geographical site parameters (=@ ]=]
Geographical Coordinates | onthly meteo | Interactive Map Geographical Coordinates  Monthly meteo | interactive Map I
Please import the monthly Site Sample Site  (United States)
el oaion Data source [NASA-SSE satellite date. 13632005

Meteonorm. Nasa. or

Choose either NASA-SSE or Meteonorm and This will populate the monthly meteo data.
click Import. You can change meteo source Ideally, there will be an hourly meteo file used
later if needed. in the simulation, because it is more accurate.

manually)
| i i i R ired Dat
aratinn PIEEED:;"I?;S:gt:l:';;?mﬂl Global Irrad. Diffuse Temper. Wind Vel. equl.re ity 2 4
Rt e ISamp\e Site iy KRz mth kih/me mth °c mis ¥ Horizontal global irradiation
v Awverage Ext Temperature
January 1051 26.0 5.6 0.00
Country [Lnitect States | Region [Morth America < February 1184 30.2 102 .00
Meteo data Import ~Extra data:
March 176.7 391 134 0.00
 Meteonorm 6.1 5] S07E 0 73 To0 ¥ Harizontal diffuse irradiation
r Geographical Coordinates
= NASA-SSE My BT 557 551 000 v Wind velocity
__ Sun paths | ¢ Import | June 2208 615 264 0.00
Juby 202.1 59.1 28.4 0.00 [ Irradistion units
Decimal Deg. min x © kiWhim?.day
Tabular /0 (Excel ugust 1804 64.2 271 0.00 g
Latitude 32.78 [ |32 |48 (+ =Morth, -= South hemisph ) Sl lBEE] : @ kWh/m2.mth
" o September 164.4 47.7 248 0.00 © Mt day
o = 3 Impo
Longitude 11143 [T 111 (26 (+ =East - = Westof Greenwi P P 1473 353 195 000 Ao
Altitude 523 M above sea level By Exportline November VI3 258 126 0.00 © WmE
Time zone -7.0 j‘ Corresponding to an average difference Decermber 95.8 245 6.3 0.00  Cleamsss Index Kt I
Legal Time- Salar Time = 0h 26m ﬂ Exporttahle Year 1953.7 526.1 18.2 0.0 £
[ o
y 4 ll Paste | Paste | Paste | Paste | o
/ 3
-
2
[ Mew Site | £ Print | / X Cancel | o OK [y Mew Site | £ Print | X Cancel | ' OK [
wn
/ —
7 <
-
<
.20
=
>
Q
o
o
©
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s

Project Description

First Solar.

© Copyright 2015, First Solafinc.



Creating a New Project

Always grid connected!

. PVsyst V632 - PREMIUM - Photovoltaic Systems Software e Ee

@ Project’s designation

s Files Prefere
The Fs des mamby the geogs SITE defirion, and he svsocsied METED hourly ke _ll
Projuct’s name |New Project Dete [ 172602015 =]
—_— Flanga dafing the geagraphical cite and matao |

Choose a section Content System | [ Mew project | & Lond project | e

¢ 7 | & Foordos 3 I i Site and Meteo [ [ Albada - setings |

Full-featured study and analysis of a
project. Grid-Connected
-Accurate system yield computed
using detailed hourly simulations

- Different simulation variants can be
performed and compared,

- Horizon shadings, and 30 tool for ! Stand alone
near shadings effects study,

Preliminary design

[ New vanant

- Detailed losses analysis
- Economic evaluation performed with il atton
real component prices i el
Databases P p | Pumping
DC Grid
\ B Sove v

_— e S/ S

Pe——— A e o

© Copyright 2015, First Solar, Inc.
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Choose Site and Meteo

. Project: Situation and Meteo EI@
Geographical Location and Meteo
Country Marth America j Site Sample Site MASA-SSE satellite data, j < = Open
hieteo File
IPhDenix Sk Harbar Phoenix Sky Harbor MEEL:; ThW3 haurky Thyy 140 krm j :# Open 2
: = —apecial action <
2 £ Show all available meteos |
ot TIEr= Copy
Project Site =>
Synthetic meteo file &4 Generate
~Meteo Situation
Distance between project and meteo sites : Horizontal 140 km
Altitude 297 m ? |
_ ; Climatic 143 km
™ ‘WWark out altitude correction
l’ |
X Cancel | OK o |

Choose site

Choose meteo file

Check distance
between site and
meteo

Click OK

© Copyright 2015, First Solar, Inc.



Define Project Parameters

[ ]
| Project Grid-Connected Project at Sample Site
~Project’s designation
The Projectincludes mainly the geographic SITE definition. and the associated METEQ hourly file 2 /
pm:‘[ee('g.nﬁ'me- IGrid—Cnnne[:Ied Project at Sample Site Date | 8/14/2015 -I
(3 New project | & Load project | Parameter
% Delete project | & Rearder wariants | ’—F A SIECIRIEEE | %ﬁsemngs
II
New simulation variant - 03 New variant
3 Creatz from
[ ]
@ Orientation Simulation
Shadi
@ Mear Shadings = Results )

@ System
@ tModule leyout
Detailed losses

@ Economic eval.

& Miscellanaaus taals

[ Systerm ovendew

Save variant

1 Delete variant

il Exit |

Colors of Input Parameters menus
indicate status:

Red = incomplete or error
Orange = warning

Green = complete

Choose Orientation.
The save dialogue will appear.

—— ‘1 — 1| e Seeslide #24 for
[ m ]

saving the project.

© Copyright 2015, First Solar, Inc.
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Saving a New Project

Files will be saved in:
C:\Program Files\PVsyst6_data\Projects

e For any given site/meteo pair, multiple
simulations can be run under one project file

(-prj)

* Additional simulations may vary parameters,
such as azimuth , inverter, etc.

e These files are saved as "project variants" (.\VCx)
with the same root as the project file

e Limit on number of variants is 36

" . Save project as ... [=[&@][==]
Description :
|7|Grid—CDnneded Froject at Sample Site
File name |Samp|e Site_Project
Directory CAU=ershFS1118954Pyeyste_Data\Projects
W X Cancel
£ Save

© Copyright 2015, First Solar, Inc.



Array Orientation

Three common configurations s 2h : *
1. Roof flat mount > ——— Roof Flat Mount

e et (uncommon)
2. Fixed tilt ground mount ooy e e e
1A Thow Cpmmesance.
3. Single-axis E-W tracking |
") Prsjict Grid-Conected Preject st Sumple Ste =T e o
jrct’s desig:
Tha Projectinclud iy tha 08 hic SITE dainion, and th iatad METEQ hously s ll —— /m.:&lﬂwm
Praoject's name [tiliﬂ(’:nnnnclnd?mjuﬂnt&mplusill MIIIHRM! :J / / |
D Mirw progect ‘ & Lood project | nat A R e P = FiXEd'TiIt
pr— [ P e o | D= Ground Mount
| R o
Finld type | Trsching tiltad o iz, H-5 axis. =
sz i5 -0 oy
h:?gg - +

© Copyright 2015, First Solar, Inc.
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Array Orientation (Fixed-Tilt Ground Mount)

/\/\

Coll Band Width

Flane Tilt Wi‘ |

Pitch (425  m
Coll band width [246 m

| Orientation, Variant "Base case” [=EEE=] / Plane Tllt
Field type [Unlimited sheds -] \
N
Shading limit angle: 27.2°
Ground area pccupation ratio: A(coll)/ A{ground) = 0.58 ‘
b 2 r s I i
Orientation parameters ~Shedg Parameters PItCh

|l

»|

I d
b i e Azimuth will typically be 0 (due south); westerly is

Tdpinactive band |000 m
No.ofsheds [i7 =] | Botninecive nenc 530 m positive, easterly is negative

™ Elektical effect Define

& Show Optimization |

_ sweanacreph | * Number of sheds corresponding to number of rows in the
array layout
X Ganeel | ws | * Collector bandwidth includes the gap between the
modules

* Pitch = row spacing
e Ground coverage ratio (GCR) = Collector bandwidth/pitch
* Typical GCR for fixed tilt is ~40-60%

* Unlimited sheds simulates infinitely long rows,
typical for large utility scale projects.

© Copyright 2015, First Solar, Inc.

N
(o3}




Array Orientation Optimization (Fixed Tilt Ground Mount), continued

Choice of array tilt depends on the site latitude (fixed!), row pitch & array azimuth (layout constraints),
and the maximum acceptable shading loss

Shed tilt optimisation AtNay Array orientation = 0° Shed tilt optimisation AtNapanee, Array orientation = 42°

115 26 sheds, Coll. width = 2.5 m, Inactive band = 0.0 m, Constant limit angle = 21.3° 115 26 sheds, Coll. width = 2.5 m, Inactive band = 0.0 m, Constant limit angle = 21.3°
. T T T T T T T T T T T T T T T T T T T . T T T T T T T T T T T T T T T r T

Pure transposition (one only plane)
Irradiation with mutual shadings {constant limit angle = 21.3%

Pure transposition {one only plane)
Irradiation with mutual shadings {(constant limit angle = 21.3

Shading loss = 3.8%

140 —

=]
T
L

Aanual Iradiation by respect to Horzontal
Aanual Iradiation by respect to Horzontal

Tilt = 20° Tik = 307
Coll./ground area
Shading loss = 4.2%
Tilt = 40°
105 Titt = 10° g 105 g
Col./ground g
Tilt = 5° Tilt = 10° oll./ground area ) =
Tilt = 30° 5
L L L _Ij L L / E
1'000 10 20 30 40 1'000 10 20 30 Titt = 400 40 ;
Sheds plane tit Sheds plane tit g
e (Click: ‘Show Optimisation’) 5
* Example shows effect of changing array from 0° to 42°SE g
. . . . . @
* Optimal tilt (interpreted as peak of black curve) shifts from 25° (left) to 20° (right)

N
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Array Orientation (Single Axis E-W Tracking)

' Orientation, Variant "Base case” @
P type [Fraing ot oty N5 3 * Rows are oriented on a north-south axis, and
1eld type | lIracking tilted or honz. N-5 axs x
: ? the array tracks east-west
Axis and limiting angles e i " .
i AT By e For a “horizontal tracker” where the panels

Axag Tilk Wil [1 !
Axis Azimuth IU-D i’[j

Fhi min. |T =11 west East
Primax |45—§m  If each tracker is tilted-up towards the south

at a fixed tilt, set the Axis Tilt accordingly

are flat at noon, set the Axis Tilt to O

South

~Tracking plane, filted Axi Rotating phi limits -45°/45° .
o * GCR typical for tracker: ~¥30-50%

Fhiis the rotating angle around the
axis, defined as Phi=0 when the

West East

Special Behaviors

[~ Backiracking ? |

plane is facing the axis azimuth.

Please define the mechanical
stroke lower limit (foward east) and
upper limit (foward YWest)

Facing Axis azimuth = 07

XK Cancel

I

Tracker range dependent on manufacturer

No backtracking

© Copyright 2015, First Solar, Inc.
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System Design

e Select System button to define
components and system size
Pesgect: Gnd-Coltnectest Project st Lamgle Ste felwmia]|
it METED houdy e _,J
[Gna jact ot Sampl Do | Biiazns <]
D) Howeeopect | B Load projoct | Frsmmosor
o o re—y T T
e 3 Maw vasiant

0 z'\l- | .
.-.5-“«' | @ Moo Shading
Q - J "

T Mt mteeng | ©
&

1B Syt oviier

By entering a nominal DC rating, PVSyst will
recommend quantity of inverters, number of
modules in series, and number of strings in
parallel for inverter selected

Grid system definition, Variant *New simulation variant” ===
Global System configuration Global system Y
|1 ﬂ Mumber of kinds of sub-arrays Mb. of modules 44400 Mominal Py Power 4995 kip
= Maodule area 31966 m* Maxirum PV Power 4931 Kide
2 8} Simplified Schema | M. of inverters 1 MNominal AC Power 4000 ke
P Array |

~Sub-array name and Orientation Presizing Help
Name [PV Array " Na Sizing Enter planned power ¢ (499510 Kiip,
Tit 25" ’
Orient.  Unlimited sheds AT 0 3 . oravailable area © (31568 et
~Selectthe PY module -
Available Now ~| Sotmodules ~ Power Sl ology
|First solar | [1awaray caTe Fea112,0R0 201 Sinca 201 Manfactirer Saat 2114 2 Open
Sizing voltge®s . Vmpp (B0°C)  B1.2 Y
™ Use Optimizer Voo (H10°C) 9556 W
[ Select the inverter “
¥ 50Hz
Available Now ¥ rtinverters by: ¢ Power  Vaoltage (max) ¥ B0 Hz
|cE "~| lannn ka2t - 1300 FHz  PraSnlar 4 W 2116 Guarant Manufactrer < Open
M. of i 1 i’ r Operating Yaltage: 821-1300 v Glohal Inverter's power 4000 kiWac
Input maximum voltage 1500 ¥
/gesign the array
Number of modules and strings Operating conditions
Initial degrad. |0 o W ? ﬁ Vipp (BO°C, 917 W
shauld be s
y Yrpp (20°C) 1056 W
tod. in series |15 z’ W hetween 14 and 15 Voo (100 1432 W
2960 =
Ll lls :I Plangiradiance 1000 W/m? © Ma in data & sTC
Overloar Inss 0.8 % ﬂ Impp (5TC) 4805 A Max. aperating power 4568 KW
Sha 19s _dEshowsizing | 2| (sTo)  sa32A &t 1000 4/m? and 50°C)
Nb. modules 44400 Area J1368 m* Isc (st STC) 5180 A Array nom. Power (STC) 4995 KWp
[ System summary X Cancel o 0K

© Copyright 2015, First Solar, Inc.



System Design (Parallel & Series Strings)

* Select First Solar CdTe module. —

* Enter number of inverters per
PCS*

* FSLR nameplate already includes
initial degradation, so set to zero

T~

e DC:AC ratio is shown here, with
estimate of “clipping loss”

* Toolbox to show the effect of the
chosen string configuration on
the min/max parameters

T~

/

- Select the PV module
ilable Mow Tl Sortmodules * Power ™ Technology
First solar [113Wn R CdTa  FS-4117-2 Rant 2M1¢ Sinca 2115 Mantachier Sant 2114 =l B open
Sizing voltages : Vmpp (E0C) 61.2 V
| ™ Use Optimizer Vac (1000) 955 V
 Select the inverter
\ [ ¥ 50Hz
[Availele Now =] soninvenarsby: € Power  Valtage (mex) ¥ B0Hz
|G =] Tannnkwez - 13nn flHz  ProSalnr 4 MW 2MS Guamnh Manufaciurer =] By Open
Nb. of invierters 1 il = Operating Voltage: 821-1300 v Global Inverter's power 4000 kac
Input mesamum vohage: 1500 v
L Design the amay
i of modules and strings ~— Operating conditions
Initial degra>]0 % R, ﬂ ﬂ Vmpp (B0°C. 917 W
should be | %
e Vmpp (200C) 1056 V
Mod. in zenes |1 Z‘ W hatween 14 and 15 Voo (1000 1432 v
N . - :
Lore stings  [2960 Z[ Plane imadiance 1000 W/m* " Maxindala  ~ STC
Overo 0.8 % 3 ol 'mMPRISTC) 4005 A e operaling powar 4568 KW
VM' 2| o sna 21000 W/ and 50°C)
|t r_undula_g 44400  Aren 3_1§sg m | ke (atSTC) S180A Array nom. Power (STC) 4985 KWp
) System summary ‘ X Cancel ’ o OK

*Example number of inverters per PCS: 1 x GE 4MW; 2 x SMA 800kW; 2 x ABB 2MW

© Copyright 2015, First Solar, Inc.
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System Design (Parallel & Series Strings), continued

. Array / Inverter ‘jiz'mg Conditions EI
Array Voltage Sizing
B—r— T o § T I 7 1
soo0 -
anno b = —Power Sizing Characteristics
= & § kS
000 k- . = = F Array, Pnom (STC) 4995 kiWp
E 2 E 2 P Array, Pmax 4531 kiwide
000 il Inverters, Pnom (AC) 4000 kvvac
ey E il Overload loss 87590 kWyh
T=60°C \T=2[H_‘. | (power limitation) 08 %
0 L L | VD"?['-W 2 From Array I, ratio 1.25
400 600 a00 1000 1200 1400 E 1600
Voltage V] m

* Graphical tool useful for determining over & under-voltage conditions at min and max module
temperature, as the number of modules in a series string is changed

* Inverter clipping occurs when the MPP point lies above the Inv. Pmax DC curve

© Copyright 2015, First Solar, Inc.
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System Detailed Losses

* Check system default loss factors against the e Thermal factors can be varied according to
defaults * rooftop vs. free-field

Project; Grid-Connected Projdft ot Sample Site EE=] . PVfield detailed losses parametd =Er=]
Project's d
The Project includes maifiy the geographic SITE definition, and the assaciated METEO hourly file ?
Project's name |Gri -Connected Project at Sample Site Date | 8/14/201% j

sses | Module guality - Mismatch | Soiling Loss | 1AM Losses | Auxiliaries Una\:a\\ahllnyl

[ New project | & Load project | P
. “You carf define either the Field thermal Loss factor or the standard NOCT coefficient
% Delete project | e Reorder variants | S SlE R & loedaanting the program gives the equivalence |
Field Thermal Loss Fgctor—————— ~NOCT equivalent factor
| System Variant (¢alculation ver:
- ; - Thermal Loss factor U =Uc + Uv = Wind vel MNOCT (Maominal Operating Cell termperature) is
Variantn®  [New sfnulation varient - Cillawyvanant it
| I [ pecified by manufacturers forthe module
” i Constantloss factor Uc 307 Wik 9 itself. This iz an altemative information to the
i Create from Uvalue definition which doesn't make sense when
~Input paramete - . WG lnss TGRS 0.0 MRS applied 1o the aperating array.
S Clteluel
@ Horizon 5 si 5 Default value acc. Wmunling
i Simulati
@ Orientation e mutetion Don"tuse the NOCT approach. This is
— @ Near Shadings v "Free" mounted modules with air circulation quite confusing when applied to an array |
@ system | £ Results [~ Semi-integrated with air duct behind
y © Moduls layut ™ Integration with fully insulated hack 1= See the NOCT anyway 2
@ Detailed |
etailed losses

Save variant

@ Economic eval

? =
J @ Miscellansous tools * Delete variant

= L h G | 0K
System oveniew J1 Exit % beERadSh x 2l | ¢ |

*Refer to Application Note: “System Parameter Specifications for PVSYST Simulations of PV Systems Constructed with FS Modules”. The application note is
included in the Energy Prediction Bundle package.

L

© Copyright 2015, First Solar, Inc.
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System Detailed Losses, continued

* Incidence Angle Modifier transfer function —
defined in PAN file

¢ Must check Uses definition of the PV module
|

e Soiling factors:
— Annual or monthly
— Used for soiling and snow + spectral

- PV field detailed losses parameter

[==]GE=]

Thermal parameter | Ohmic Losses | Madule quality - Mismatch | Soiling Losf 1AM Losses | Auxiliaries nava\\abilityl

* PV field detailed losses parameter

[==]rE=]

Thermal parameter | Ohmic Losses | Madule quality - Mismatch  Salling Lass | Ak Losses | Auxliaries Unavailability'

Incidence Angle Modifier ¥ Uses definition of the module
% T T T “Incidence Angle effect
: ncigence Angle effe e
. € ASHRAE Model:  ho=[0050 &
ozl & Lserdefined profile 2
0T
05k ~Points
o5k Incid.angle Jskd
aal 1 [oo 1.000
03 2 |300 1.000
i 3 [0 [ossn
01
5 ! ] ) ! 4 |60.0 0.980
O, 9e e Wiealeoiathprot EY g 20 5 [e50 0,960
4 Detailed study w700 0,320 [fiE=

1= Losses graph |

Yearly soiling loss factor

Yearly loss factor [3.0 e

¥ Define maonthly values ?

Default

~Monthly soiling values

Jan W"/., July IW

Feh. IW“/, Aug. IW

Mar. IFD/, Sep. IF o
[
o

 Setall as year

1= Losses graph |

X Cancel |

W 0K |

© Copyright 2015, First Solar, Inc.



Calculating Monthly Spectral Shift from TMY3 file

e Use “PD-5-423 EX Pwat and AM Rev 3.0”* to calculate numbers for monthly soiling input.

*The documents are included in the Energy Prediction Bundle
—_— package.

Caleulated Firlds Madel Methad L e "ﬁ"ﬁm"wm
Pusyst inpusts It Hralth/Modude Cuality Assmed i . 10% |
caTe Useful GHI Cdietseful  Manthly Speciral . Monthly Solling + Feyst Monthby
Mopth i) hwtyn’)Gh s} pagd | Moy Soling y Spe ng . L .
S N T oo oo * NOTE: Refer to color code in upper left hand corner to distinguish
3 : ﬁ ﬁ % % between inputs (blue), calculated fields (grey), and PVsyst inputs
— _,g :gﬁ ﬁ (green)
o0% 100 0% 100.0% 100.0%
= o o | e oo Toom e Input Product Type (variable) and Model Method (generally Pwat)
ESS 9 0% 100.0% 100.0%
12 o 0% 1000% 100.0% 100.0% .
st e e |_ama | ee | s s * Paste TMY GHI and Pwat data into blue columns _
L — *  Input monthly soiling values assumed .
L 1 1/1/1595 oo | ©
wo% | 1 1/1/1899 T e .. . 3
£ ﬁg ) _ * Input Mor_mthly Soiling Values and Module Efficiency loss (if 5
e e T = _- changed) into PVsyst =
Limitations e
g
©

* PVsyst does not allow negative soiling values; as a result, if spectral gain causes negative soiling + spectral
values the module efficiency loss is used to compensate.

w
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Spectral Response Translates into Real Energy Gains

Spectral Shift can be upwards of a 6% effect for CdTe compared to pSi!

To calculate the spectral shift, use Spectral Adjustment e errore rmpamrnepomse oo rmowmp
Calculation Aid included in the Energy Bundle. V Modules.pef

Ea PD-5-423 EX Pwat and AM Rev 3_0.xlsm
—E PD-5-423 Rev 3.0 Module Characterization Energy Prediction Adjustment for Local Spectr...

More Energy for Same /._

4% + Nameplate Watts
il

2% +———

0% o /‘/g/ - *

-2% »
/ Typical Conditions

@
ES

e Spectral Shift calculation is often omitted by
customers, but it should not be ignored.

 First Solar has published! and demonstrated
that spectral corrections not included in
standard performance modeling tools (i.e.
PVsyst), are necessary to capture the full

¢
! 3

Energy Difference from AM (1.5)

_A4% T T 1
expected performance. . : ) : A . .
1. L. Nelson, M. Frichtl, and A. Panchula, “Changes in cadmium Atmosphereic Precipitable Water (cm)
telluride photovoltaic performance due to spectrum,” IEEE Journal of
Photovoltaics, vol. 3, No. 1, pp. 488-493, 2013. = -Si Spectral Shift  =l=CdTe Spectral Shift

© Copyright 2015, First Solar, Inc.
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Post Inverter Losses Processing

e May compute auxiliary losses under Detailed Losses = Auxiliaries

* If not computed in PVsyst, the following must be accounted for if applicable to the project,
either hour-by-hour, or by a given constant loss factor:

— HVAC losses

— Auxiliary power losses (PLC, lighting, heating)

— Medium-voltage transformer losses

— Intra-power plant AC line losses (at distribution voltage)
— High-voltage transformer losses

— Transmission lines losses

— Time-of-delivery weighting

» Post-inverter losses generally “tax” plant energy by 1.5-3%.

© Copyright 2015, First Solar, Inc.
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Horizon Shading

e If there is a local structure or other obstruction
(mountain range, etc.), shading effects can be

modeled using Horizon Button (uncommon) Horizon line drawing Hor.poirts | Difuse factor |
a0 Plane: tilt 45°, azimuth 0° Mo Azimuth  Height [*]
————TT 77 — —
! Project: Grid-Connected Project at Semple Site == =]
Project’s designation 12h 1 120, IDD
The Projecti i ITE defiriion anc the assofetect METED houbyfle 2| sk 11h 13h i 2 W 17.5
Project's name | Grid-Cannected Project ot Sample Site Date | 61412015 =] 3 53 131
10h 14h '
Dewpoer | @tosapmen | P , an |- ] 4 [131 |23
<4 Doloe projoct | i Foorder varionts | # | E o = gh 15h 5 |a71 a0
- £
ystem Variant (calculation version) ‘ - £ a5 T & 120 o0
[New sinulaton vesiant = 15 New variant 5 gh 16h
T ————— o
3} Crate fom
L W wh 17h ]
@ Ovientaion e VR B Simulasan |
@ e Shad | i 1 15 & ahy
@ syetam sl | E Results . . .
T = Biehingcl BEhin g
@ Detniled losses — = the plgr = -
Vo S B ‘Save varan —
f‘ - e, B —] 4120 = -E0 -30 ] 30 B0 a0 120 2
ﬂ | @ biscalleneous ook | =iox | Azimuth [°] 2
- - — — ? | X Clear holizonl i
@ System ovensiew i Exit | |LI _’I qu
Q
. X Load Save Print XK Cancel Ok ®
* Dragred line to reflect actual horizon s
S
©

* Right click to add points



Near Shading (for Tracking Systems)

Either open Near Shadings Dialogue or create new shading scheme.

20 Pregoct (i Conmectedt Project ot Sample St
- Projeet’s desi

The Fro datinition. and the assaciated METED hauy tls ﬂ
Froject's mame |G- Conracted Projact ot Snmple Site Dag | 0/142ms =]

[ Mew project ‘ & Lond project | P .
o — | e | 334 St ancl Msten | [ Albada - satings | |

T —
 sicomen_|

oo |

Datailed lasses

* Open the ‘Near Shadings’ dialogue

2 Near Shacine dafiltion, Vadtank "Srie chaa -"

Comement  |Defaul Tracker

 Campashiling with Orioration and Syst

P s Shadings & Construction | Perspactive [
Acdeo mine 230 m* 245 m*
Fursteds; bl 260" Tracking =
| Fields azimuth 0.0 tilted axis i ackor iables
‘Warming =0 Tabla | s Graph l
“fou hove debned o lracking plane inthe shodings scere. /
All racking parametars should masch the "Orientati
dislindican
here The fields are not of the same kind
“ou should carrect the shading scene.
or updatis e onentalion’s paramehrs

+ Update Orientation Farameters |

~Usein

Mo Shadings 17 Systorn overim
& Linpes shadings B Pt

 Accarding 1o modube strings
Fraction for elactical afect

7 Dielenlind, according o

* To modify or create new shading scheme,
press ‘Construction/Perspective’

* Inthe ‘Near Shadings’ dialogue: Open .SHD
file for array

© Copyright 2015, First Solar, Inc.



Near Shading (for Tracking Systems), continued

To create new shading typical scheme:
* Right click = new = Tracking PV plane
< » Select ‘Tilted axis’ and rotating limit angles
(same as in ‘Orientation’ dialogue)
LI I /| To modify existing shading typical scheme:
ol LtlalElala] ulr| oo—es J“j"'“j"ﬂ? e Select sketch =» right click = modify
= :;E';:mjm...j,.m,ml » ;;;'fm:wm[,éj e Nb. Of trackers: roughly, number of rows
i Eorll e Pitch E-W: calculate row spacing based on desired ground coverage
‘ ratio |
— e AxisTilt=0 E
smmervin |l * Width = collector bandwidth (2.46 m for 4 high S4, 1.85 m for S5) 2
it [ E
e amw || e Tracker frame =0 5
g ‘;',‘,";':,__,Z * Modify length until Total area and Required area match i
| Colar W Shades . . ] 5
‘;:{“*.TJ Press ok, click ‘Table’ and compute linear shading factor N




Simulation

e To run Simulation, select button below

e Custom output files can be generated by
selecting Output File button (see slide #42 for

more detail on output file)

Project: Grid-Connected Project at Sample Site

\

~Project’s desig

The Project includes mainly the geographic SITE definitian, and the associated METED haurl

le

2|

[ Mew project | > Load project |

% Delete project | &2 Reordervariants |

Project's name |GI’II‘.|’CI]I|I|EB’|EI1 Project at Sample Site Date

P

8142015~

ite and V\XED | P Albedo - settings |

| System Variant (calculation version)

ariantn® I MNew simulation variant

- Mandatony
@ Orientation
@ System
@ Detailed losses

[ Netmstering.

@ Horizon

@ NearShadings
‘ @ Module layout
| @ Economiceval.

@ Miscallaneous tools

[ Mew variant

i Create from

Simulation

¥ Results

B} Save variant

% Delete variant

System overview

j-_'L Exit

L

* Simulation, Variant "New simulation variant” /

(= &re=]

Simulation parameters I
Wariant New simulation variant
Froject Grid-Connected Project at Saf PV madule FS-4112-2 Sept 200 dirter FroSolar 4 kv 201E
Site Sample Site Unit power 113 Wp Unit power 4000 W
Harizan Free Harizon Nh. modules 44400 Mb. invertars 1
Systerm Grid-Connected Array Power 4955 KWp Prorm AC 4000 kWeac
Preliminary definitions ~Simulation dates
Optional further definitions, For These dates correspond 1o the dates of vour
refined data analysis anly. meteo file. They cannot be overcome
Huourly data storage from | 1/ 1/1990  ~| W Meten beginninc
upto |12/31/1990  ~| W Meteo end
15 Special graphs
ME: 1890 indicates a generic year. i.e.which doesn't
correspond to really measured data for a given
Esp Output File time
® Batch simulation
=1 Back to params " Simulation Fesults 1= |

A

e Run Simulation /

© Copyright 2015, First Solar, Inc.
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Simulation (Output File)

S=rE=]

" Definitions for Exporting ASCI files

e Select name for output file

Datafile output ~Variables to be written on file

" o output 6

[ Change File defined variables

= Output an filename - - —
P Horizontal global irradiation

Ambient Temperature

Effective Global. corr. for IAM and shadings
Array virtual energy at MPP

Temper. difference modules-ambient during runni
Array Yoltage

ample_powerplant.CSY

* By default, output files will be saved to :
C:\Users\(Username)\PVsyst6_Data\UserData

rFields format

& CBY (Excel compatible)  Separator | =
Columns width 16 i’:har

 Fixed fields

~Dates and hours format Yalue
b Hour: (Excel) & Haourly

 MM/DD Y Hour:
" Month; Day; Hour;

. Add or Remove variables to be reported —
in output file

b Suppress Varlab\el

X Cancel |

—_— « 0K

 Monthly

$ 71 Add variable |

¢ Day-ofyear, Hour

% \ Model library
Energies IW - Read
Irradiations|W,i‘m2 -

e Commonly used sets of output variables can —_
be saved and reused.

Save |

e C(Click OK

© Copyright 2015, First Solar, Inc.
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Simulation (Saving)

e After you run Simulation results are written to a e To save simulation variant, click “Save As
.csv file New” or the save will overwrite the previous
* Printer-friendly summary report variant. Up to ~36 variants can be created

d [ ject fil
Results, variant VCO "New simulation variant” = &@]=] u n e r a g I Ve n p rOJ e Ct I e
Simulation parameters
% 2 System

Project Gric-Connected Project at Samg

Site Sample Site Pvmodules  FS-4112-2 Sept 2014 | Inverter 2roSolar 4 kW 2015 Guarantse

System type Gric-Connected Morminal Power 4995 Kvp | I, unit power 4000 k'

Simulation  01/01t031/12 MPP Yoltage B93 Vv b, of inv. 1

(Generic meteo data) MPF Current 16 4
. Saving the simulation Variant ... [el@ =]

~Main results & i

System Production 9321 Mvhfur MNarmalized prod 5171 KiWh/kiyp delay S

Specific prod 1866 Kwhikiwp/yr Aray losses 1.23 Kih/kvp delay INew simulation variant

Ferformance Ratio 0.792 System losses 011 KWh/kiwp dday:

i . Detaile‘ﬁ:.uh:.
35000 T T Dallyllnpuli(?ulpulﬂmgmrw : File name |Samp\e Site_ProjectvC0
Values from 01/01 to 31/12 ] ;|

e Benor | Bl Tshies | Dirsctory Gy Usere}FS1118954Pvsysts_Dato\Projects
Sconf yfi;n ¥ Predef. graphs = Hourly graphs |
E %@&“ X Cancel

0000 |- * R
2 wgff@: & Economic evaluafion |

o
Fsoo0 | o 3
: P
Em}m - L0 1
" 2 Print | Bt Load |
soo00 | . 1 #
A L 1 L Bs B s As N
13 ave As New
B 1 Globalncident ih coll. e (WIS day] | # 8 <8 Back Save =
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Simulation (Loss Breakdown Report)

Loss diagram over the whole year

* “Waterfall” diagram, excerpt
2004 KWhim* Horizontal global irradiation
R‘-ﬂ/—’l +12 5% Global incident in coll. plane from last page of PVSVSt report

%-2.6% Near Shadings: irradiance loss

-1.7% AW factor on global

2257 KWhim® * 31968 m® coll. Effective irradiance on collectors
efficiency at 3TC = 15.62% PV conversion
11289 MWh Array nominal energy (at STC effic.)

0.0% PV loss due to irradiance level
-11.1% PV loss due to temperature

-2.5% Module quality loss

-1.0% Module array mismatch loss
-1.2% Ohmic wiring loss E
G542 MWh Array virtual energy at MPP ,_‘;
o
(%]
l‘\,—2.2".-& Inverter Logs during operation (efficiency) E
\*-%-[H k) Inverter Loss over nominal inv. power :
e0.0% Inverter Logs due to power threghold 3
"-+0.0% Inwerter Loss over nominal inv. voltage g
+0.0% Inverter Loss due to voltage threshold 2
9321 MWh Available Energy at Inverter Output §
ﬂ% Energy injected into grid 5
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