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PV simulation

Weather data

Irradiance modeling
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PV conversion
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DC/AC conversion

Self-consumption and storage
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Grid-Connected

Grid-connected

Residential

9 kWp system

Types of PV Systems in PVsyst

= T
Stand alone Pumping
Stand-Alone Pumping
Commercial Utility

20 MWp system

5 MWp system

Size only limited by
simulation/modeling time
and computer memory
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Sources
* Built-in
* Metonorm 8.0
*  PVGIS API
* NSRDB API
* Solcast API

* External files

* > 15 formats are recognized by PVsyst
* Custom data (text files)

* New formats

* Custom measured data

Data quality checks

Most useful for custom data import
Detects errors in timestamps and unrealistic data

q Data display and verification

[ Graphs Tables @ Check data quality
60

This meteo file seems to be OK.

Genep Metmonorm 7.2 (1916-2005), Sate38%:Synihetic

T T S T S R S S
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Y]

Average time shift on dear days: 0 Min.

Apply time shift correction

D Hourly Kt morring / afternoon D Monithly best clear da

Weather Data

Variables

Global horizontal irradiance GHI

(Diffuse horizontal irradiance) (DHI)

Ambient temperature Tamb

Global incident irradiance (PoA) GlobInc

Wind speed Windvel

Relative humidity / Precipitable water  RelHum/PrecWat
Linke turbidity Linke

Transposition

Default is Perez-Ineichen model (Hay model optional)

Horizontal plane Tilted plane (PoA)

Direct
Circumsolar
|:> Diffuse Isotropic
(Horizon Band)
(Far Albedo)

GHI+DHI
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Single diode model

Modeling of PV Modules

~—

Photocourant

D. X

Diode

Utilisateur

Aging model

Global power degradation (yearly decrease of power generation)

on in the simul
Bises in simuiation’ o
in simulati T T T T T
u lati E
Sradaton for year o [10 \.“N\
Individual PY modues: B
380 | %
Gobal degrad. factor Sasic deoradation
Mismatch degrad. factor [135 | % With annual increasing mismatch
—— liodule warranty
— 0 L L ! L 1
0 10 18 20 25 0
[PV module aging parameters vear
Aver. degradation factor [0.40_| [ %/vear
Imp RMS dispersion [0.40 Yofyear @ Effidendes
Ump RMS dispersion [0.40 | (9 %fyear Losses
—Store the Monte Carlo value: ® Used for this cvah Module v
(—Monte Carlo values —————————
ub-srray Yer o W 58,00 | % 7]
Mismatch § years 0.18% arranty % Prom
Mismatch 10 years 1.35% 25 Modules in series Yesr [10 | Warranty[a1,00 | % (8 Linear interpdl.
. 100 Strings in paralel
Mismatch 15 years 263% ngs In parale Year [20 | Warranty[s2.00 | % (] Linear interpal.
Mismach 20 years 3.05%
Mt 25 o 2100 fonte-Carlo calaulation vesr [25 | Warranty 50.00 | % Prom
e — 4 Trials Aversge -0.72%year
‘ Read model ‘ 10 years Random evaluation raw The initial derate value {usually around
— 1.35% Aver. Mismatch loss curve ~3%) may corresponds to the LID or initial
2] Save as model 0.04% Mismatch loss RVS tolerance.
steps
| © add stotistis |

Increasing mismatch due to individual module aging

Describes the PV cells for any irradiance and
temperature conditions

Each type of PV module is described by a
set of parameters for this model

Users can add their own PV modules

The single diode model has
been widely validated

Pmax Error, Meas - Model vs GlobP

| - 0<Tmod<soC

* Model |

Pmax Error (Meas-Mod) [W]

0 200 400 600 800 1000 1200
GlobP [W/im2]

A. Mermoud, T. Lejeune,
Performance assessment of a simulation model for PV
modules of any available technology, 2010

Multi-year simulations:

Energy injected into grid

€ aging Tool w

QX Agng Parameters

Every # years L Specific meteo (single meteo file used for all simulations) -

(@ Detaied losses - Aging B

Years smufated I ® Yearly meteo files (one meteo e per smulated year) 3
Meteo N

Metes File (Click to reset to default) Generate

(T Vearof (g Generate  (g) Generate

| Energy yield
| BN | N | N | N | O | O | B

o w oo
eer of operaicn

Performance Ratio

operation = report variant output fle  COMMENt
Casablanca Anfa_MN72_SM Node "
Casablanca_Anfa_MN72_SWN reference year  Node
=G Anfa PVGIS_SARAH_ 2005 t0 2016 Node
[ Anfa_PVGIS_SARAH_2005 2005 1 No  Simulation .,
(@ Anfa_PVGIS_SARAH_2006 2006 2 Ne No
1 Anfa_PVGIS_SARAH_2007 2007 3 o No
{8 Anfa_PVGIS_SARAH_2008 2008 . No No
{8 anfa_PVGIS_SARAH_2009 2009 5 no No
Anfa_PVGIS_SARAH_2010 2010 3 No No
Anfa_PVGIS_SARAH 2011 211 7 no No
Anfa_PVGIS_SARAH_2012 2012 s No No
Anfa_PVGIS_SARAH_2013 013 s no No
Anfa_PVGIS_SARAH_2014 214 10 N No
= _PVGIS_SARAH 2015 2015 1 no No
L. Anfa_PVGIS_SARAH_2016 216 2 Mo No

P Aging simulation |a## Graphics and report

Result variable to plot Eneray injected nto grid

‘ P Runsmution ‘

il Report
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‘Linear’ shading losses
(irradiance loss)

3D models to compute shadings

Shadings Losses

Import 3D models from
other software tools

Supported formats:
DAE, 3DS, PVC, H2P

Simplified calculation for electrical shading losses
String partitions in 3D ‘Unlimited’ sheds/trackers:

treat partially shaded strings as a whole

Shading factor as a function of the number of shaded submodules

drawing:

‘Electrical’ shading losses

Detailed analysis of electrical mismatch
(Module Layout)

Calculated on bypass
diode level

€ omzem || e B et |

Systems >5 MW become
hard to work with

Shading limit angle: 15.4°

tionnal o the shaded fracton of the ce.

Simplified shading calculations based on 2D cross section

(5 Use Dlectrieal shading effect

e Diffuse fraction ; i

os = T :

e [T e t—===-=-2 Partially shaded
g ! d| 1z T - . .
297 [ 4 T LT strings loose a fixed
508 7 TR .
5 s- 1), 7w tsmewer fraction of the PV
E i 7/ 3 e - i ® 2 strings per MPPT R .
e / // ,b/ =T ‘ ® 3 strings per MPPT generatlon coming
E 03 / // e .‘/ - i ® 10 strings per MPPT . . o
%o I Prete '@ Linear shadings from direct sunlight

01 - ///;4 L §Sheds (landscape): §Sheds (landscape): "

00 # ‘ . |1/3of submodules | 2/3 of submodules

00 01 02 03 04 05 06 07 08 09 10
Fraction of submodules shaded

M. Oliosi, B. Wittmer, A. Mermoud ,

Piane it : °
agmuth oo | °

N of sheds -

Ground Cov. Ratio GER  45.5%

String snd Cell sizes-

1. of srings (rarsverse) 3
i the width of the raw
=2 widthoforesirng 1,000 m

ol sze (ranavesse] 1560 | om

Analysis of Electrical Shading Effects in PV Systems, EUPVSEC Proceedings, 2021
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Common trackers

Horizontal or tilted axis

Axis and limiting angles

Axis Tilt 0° Axis Azimuth 0°
st 00 11 .
A ity [0 11 *
Fhimin [0 (1 West East
Fhimas o0 <[]
South

Tracking plane, tited Axis————— Rotating phi limits -60°/60°

Phiis the rotaling angle around the
s, defined as Phi=0 when the
plane is facing the asis azmuth

? Please define the mechanical

stioke lower limi: (toward east] and
uppet liit (toward West)

West East

 Special Behaviars

™ Backiracking

Facing Astis azimuth = 0°

Dual axis

[Rotating Limit Angles Tilt limits 0°/80°

Min_ tilt Wj ¥l i

Mas. tit ,Bll—j r
Min. szimuth Wj ¥l West * East
Max. azimuth Wj ¥l

South

Azimuth limits -120°/120°

Tracking plane. two ais |
Please define the mecharical stioke fmit:
Minimum tt [up to -50° =vertical narth]
Masimum it (up to 90 =verfical south]

 Special Behaviars

™ Backuacking ]

Minimum azimuth (towerds east, up to -180)
Mavimum azimuth [lowards west, up ta 1607)

Vertical axis

Tilt and rotating limits

Side view: tilt 30° Azimuth limits -120°/120°

i
/ West — East
JR

South

Plane Tit [0 [
Min aimuth [120° =[]
Max szt [120 11

Trackin plane. Verical Asis———————————
The collectors are mounted with a fixed b, on an
support which rotates around an vertical asis.
Please define the plane i, and the azimuth
mechanical Imits of the liacke.

NE: Backtiacking strategy is very difficul 1o
calculate, and s not yet mplemerted for this

A few more exotic tracking systems are
also available in PVsyst

Tracking Systems

3D Representations

To get a correct
simulation of the
shading losses, a
3D model of the
PV trackers is
necessary

Astronomic tracking

Minimizes angle of incidence

Page 7

Sun prefile angle = 21,7, Phi angle = 60.0°

—Tracking

Aods azimuth

Phimin., morning

KD

D Baddracking
[ Irradiance optimization

Tracker sensitive
Leftinactive band

Right inactive band

Global coverage ratio

Shading factor 7.2%
Blectrical Shading factor30.0%

[0 Use elecrical effectin simu.
Nb. of modudes in width (3] 5
Moduie rom width 0.
Wich of one PV cell

Backtracking

Avoids mutual row shadings

ile angle = 21.7%, Phi angle = 45.3°

Does not increase irradiance on
PV modules
But removes electrical shading

losses
1

14 18

[0 irradiance optimization

Global coverage ratio

—Tracking ke
Axis azimuth ° Pitch - m BT Limit profile angle  True,
Phi min. , morit B BT Limit Phi andle 65.8°
Phi max., evening se Leftinactive bane Shading factor 0.0%
- Electrical Shading factor 0.0%,
b of
4o R Y
BiBackiading




Non-flat topologies

PV Systems on non-flat topology

2saal

lead to -{

The orientations are averaged for the
transposition calculation
All detail is conserved for the shading

[
Asimun ]

multiple
orientations

Trackers can also be simulated

on topology: but backtracking is

problematic:

calculations (important for electrical shadings)

Tracker C could
ave higher tilt

Trackers need to have

individual positions
There is no unique solution

to this problem
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Bifacial 2D Model in PVsyst

Bifacial calculation steps

Irradiance reaching the ground
Direct (1.) Sky Diffuse (2.)

Ground Albedo

View Factors (3.) Sky Diffuse  Direct

Esky Front Rear onrear (4.) onrear

'.ll ............................

Loss Add to Rear shadings
front irradiance* l

Module bifaciality

—

Effective irradiance on module

|

Single Diode Model

Front side mismatch* Rear side mismatch

*Standard PVsyst simulation

1. Ground Acceptance 2.

Irradiance on Ground

Ground acceptance

of direct light of diffuse light

Beam and diffuse on ground with sheds
Ground diffuse acceptance

Limit angle = 21.0
Limit angle - 21.1 IR
/ ,,,,,,,,,,,,,,,, / ,,,,,,,,,,, / ,,,,,, >\ % 1,
¢Prof\7/
- [ 0
0 1 2 3 4 s 8 7 8 9 10 11 12 13 14 15 18 17 [ 2 4 -] 8 10

Distance at ground level [m]

The sun profile angle is the sun
height in the 2D projection

Irradiance on Module

3. View factors 4. Sky diffuse and

direct on back side

Beam and diffuse on ground

Phi angle = 44.1° Sky diffuse

0
240 1 2 3 4 56 7 8 8 101112 13 14 15 16 17 15 18 20 0 2 4 6 0
Distance at ground level [m]

Integrate over all ground points
and the back side of the module
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Tool to visualize bifacial model

Bifacial Simulations

Standard bifacial model involving unlimited tracker-like configuration
You can play with the tracker's parameters as you like for parametric analysis

The simulation will use the parameters determined from the system (checkboxes checked)

—Orientation paramete
According to system:

Axis azimuth =

Phi min. °
Phi max, als
() uses backiracking

—Trackers and ground parameter——
Pitch
Shed total width

=» Profile angle imit -90.0 >
Height above ground

Ground albeda

—Irradiance on ground

June 21 15:08
Phi angle (without limits) -354°
Beam dear sky 608 W/m2
Global fraction on Ground 459 %

—Daily irradiations for clear sky ——

vont

Beam dear sky 6.2 kWh/m?2
Diffuse dlear sky 1.8 kWh/m2
Beam fraction on Ground 40.7 %
Diffuse fraction on Ground 54.5 %
Global fraction an Ground 248 %

'\ Beam and diffuse on ground
Phi angle = -35.4°

N
S
S
N

-

Ja

L
14

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20
Distance at ground level [m]
L
T T T T
E© Trackers angle, Phi=-35.4° R 40 T T T T T T T
' Diffuse on ground - 58.4 % L Reflectsd on back 213 KWhim=
Foo ctor, back, average = 37.5 % = 315
Lo Reneciimgifuse o rear side =6.6 % E From Sky on back 41 kiWhim=
E (for albedo 30.0 %) E 2 3
3 1 E
E \’/ E 2 25
-3
1 E
9=
E g
-
3 -z E] [} 1 2 3 4 g 10
Position below tracker L] :E
5

With current model:

Fixed tilt rows and rows with trackers can be modeled

Development:

Generalize the bifacial simulation to work with any 3D drawing

o
Jan FebMar AprMay Jun Jul AugSepOct NovDedear

Additional irradiance flow in simulation results

Loss diagram for “Trackerss bifacial” - year

ot hartzontaliadiation
Giobal Incldent i col. piane.

Mo Shasings: imadanca ks

e
Geeund retoctcn on bee

et abode) ]
Greund rotocticn oss

Wiew Fackr o rear sde !

PRrN——, 1

s etocsus o o e

Shadigs ows cn o sice 1
B.4% Olobal Irrackance on rear side (193 KWhim')

Effective sradision on colectors !

PV converen, Btscey fctor =000 |

Array nominslsnergy (at STC atic)
[ ———— !

PV fows cum 10 mmpesan 1

Meamatch boss, macules and sirnge
Mamateh o back rasance

48291768 KA

2295 kWh/m? * 125541 m? coll.

A +0.4% Ground reflection on front side

Bifacial

Global incident on groupd
798 kWh/m? on 272557

-70.0% (0.30 Gnd. albedo)
Ground reflection loss

-87.1% View Factor for rear side

Sky diffuse on the rear side
Beam effective on the rear side
Shadings loss on rear side

8.4% Global Irradiance on rear side (193 kWh/m?)

Effective irradiation on collectors

efficiency at STC = 17.83%

PV conversion, Bifaciality factor = 0.80

54836349 kWh

Array nominal energy (at STC effic.)
-0.2% PV loss due to irradiance level

-8.4% PV loss due to temperature




MPPT and Inverter modeling

Operating point Power optimizers

60

_ . . . Need specific implementations
g e A valid operating point th s )
. is searched on the (4 brands so far, 51" in preparation)

string IV-curve
T ‘Buck-only’ Full optimizer

50 4

=
=)

Input current [A]
g

Array
/ e Different losses: Current boost Current & Voltage boost
20 +
Vmpp Power ||m|t 14 j T T T T T T T 10 ;l . | . | . ft Current :
i Min .. boost
" Voltage limits 2t ) S_\” |
p— . — ‘ Current limit < F ] i}
00 350 400 o/ 500 550 60 65 700 750 600 C . Ffici = e WCurrent ] z | constant |
: nput voltage onversion efricienc E g power
Inverter operating "ot ¥ s constant ¥ I P 1 : | ]
limits ‘t power \ 1 )
1N E\:\\'er mudiutlgb'\‘.)fcsrvedﬂllgcflﬂ} W ' ] 2} = Current and Voltage limits: fixed for device’ -
= Lower module cutput curve (Tigo OUT) = MPP gutput (cperating Pmpp = 240 W)
Additional inverter features: T T -
Output voltage [V] Output vottage [V] =
H 0|
Reactive power (power factor) e s
. a0 f 3
Temperature behavior Current Current — — o constant
. . . - 200f boost 3 ok Voltage p_ower
Multiple MPPT (string inverters) : b constant — ] boost
' power E__m_ ]
Grid limitation VPP ]
urs& of the best module (current reference) e ]
2 ewier module IV curve (Tige IN} ] —— Current and Voltage limits: ficed for §evice
Lower module output curve (Tige OUT) 50 —— MPP output (operating Pmpp = 240 W
0 L L L L L L PV module, Pmpp = 240 W
o 5 10 15 20 25 30 35 40 0 L L | I

Users can also add their own inverters it otsse T ; TR N I
: Module IV curve

: Optimizer Output
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Load profiles

R Hourly parameters from 2 C5v S

Fie defritors | Gragh

Psyst standard parameter's Source fike (CSV}-

Pah  DiConfeences PEARIPY_Z022Pvsye17.0 DataTenclates somee | @
S LOADPROFILE_Commercal BOEW_GACSY
Do o7OyZ I Commerdal_ BoEW_G4
Storage for smu,
W | Thedatn have been read with Read the fic

® Store temaly

Loa d p rofi | es :: Data loaded from the file

defined in =
hourly steps

of |¥J _,.,J'

Dispatch strategies

Peak shaving

(injection limitation)

Self-consumption and Storage

»ss diagram for *_DEMO_COMMERCIAL_MARSEILLE_With self consumption_Without storage" -

1598 kWhim?

1727 KWhim?* * 2307 m? coll

efficiency at STC = 19.83%

695681 kWh

0.3%
grid
consumptiod
645816 kWh
—
| 349648 356922 K
—_—
1o user 10 user to grid
fromgrid  from solar

Simul. variant: 1000 kWp, Peak shaving

Global horizontal irradiation
Global incident in coll. plane

1AM factor on global

Effective irradiation on collectors

Battery models

grid
consumptiory
645816 kWh
et
349648 356922 288894

to user to user to grid

from grid from solar

N 0.0% 1

kWh

Lithium lon
and Lead Acid

Battery block : Universal, Adjustable Li-lon

12.8 V, Nominal capacity at C10 = 100 Ah, Temp.= 20°C

Battory voltagp [V]

Charge 20 A (4.7 hours)
Charge 5

Charge 1

Open circuit

Discharge 1.0 A (101 hours)
Discharge 5.0 A (195 hours)
Discharge 20.0 A (4.7 hours)

A (195 hours)
A (101 hours)

Battery voltage as
function of SOC i

Discharge Cut-Off Voltage = 11.0 WV

The battery ——————
regulation
algorithms are
based on SOC

——— Baliery Charging Encrgy, 2417 Kihiday
——— Ballery Dischiarging Erergy. 2317 Kivhidey

Eneray injedted il grid, G052 kWhiday

w

600000 |-

anoo0n |-

Effective energy at the oUtpLt of the amay, 5507 kvhiday

shifts surplus
at noon to
evening hours

200000 |-

0 a 5 a 12

L301190

n ot

Self consumption

Simul. variant: 1 MWp, self consumption, small inverters

0.z 0.4 08 0.e 1.0

T T T T T
Effective onergy at the output of the armay, 8125 kiWhiday
Battery Charging Energy, 3141 KWhiday

1400000
——— Battery Discharging Energy, 2629 KWhiday
——— Energy jected into grid, 46.03 Khiday
1200000 —— Enengy from the grid. 5179 kWhigay
——— Energy supplied to the user, 7523 kiWhiday
1000000 -

a00000 |-

600000 |-

400000 [

200000 |-

Supply load with

stored energy when
PV generation is low

11501190

Page 12
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State of charge (SOC)

Weak grid

Simul. variant: 1 MWp, weak grid, file

1600 T

T T T T T
Effoctive onergy at tha output of the anay, 6.085
——— Battery Charging Energy, 2048 Mwhiday
Battery Discharging Energy, 1703 MWhiday
Energy injected into grid, 0.5932 Mihisay
1200 |- —— Energy from the grid, 0.6145 Mwhiday
——— Enemy supplied to the user, 5.540 Mhiday

Self-cons. + Battery
reserve for grid
outages

oo -

000 |-

i a

grid/outage

600

400

200

o 12 24 12 24 1z 2
0BIOTAD Q7407480 Qs7/a0



Comprehensive results

1 Report

PVsyst V7.2.42
VCo, Simulation date:
090322 15:41

with v7.2.12

Project: UTILITY_EXAMPLE
Variant: Aging model

Bruno Wittmer (Stiisse)

System Production
Produced Energy

Normalized productions (per installed kWp)

Main results

45 GWhiyear ‘Specific production

Periormance Ratic PR

2011 KWIVKWp/year

8031 %

Performance Ratio PR

L2 Cotecton Lo (Pv-araplossas)

Ls:System Loss (merr, ) @posy
. 1. PI00L080 sl srsiy (weror oMUt 551 KHmKWDiCay

o
o Feb Ma Aor May JTZSE  Aug

- 1
058 K pEay "

[~ T ——

) s

Simulation Results

Hourly result files

Many variables with intermediate
results can be exported for custom
analysis

S Ont Mou Dec L Feb i _hor sy _jen 2058 »ui Sep 0ot _tow e
B4

char.

ecimal separator

® Decimal point .

O Dedimal comma ,

Irradiance

—Dates and hours formats Valut
® DD/MM/YY; Hour; (Excel) ® Hourly
© MM/DD/YY; Hour; (Excel)
O Daily
O Month; Day; Hour;
O Day-of-year; Hour O Monthly
Units
Power kw

[ MetData
E-[]) Transpo
(@) IncCall
-] IncFact
[i-[@) Array
B[] Invert
El-[8) System
HJ Syst_ON
[ EQutlnv
- E_Grid
(] Effic

[#-(8) NormFac
E-J Eco

P

Meteorological Data
Transposition variables
Incident irradiance in collector plane]
Incident energy factors

PV array (field) behaviour

Inverter losses

System operating conditions
System operating duration
Available Energy at Inverter Outpu
Energy injected into grid
Effidendes

Normalised performance index (ref.
Economic evaluation

 Outpaut fil var

O No output

e __Changa File H o
@ File name
| _DEMO_COMMERCIAL_VC8_HourlyRes_0.CSV ] Simulation variables  Variable name 9 Selected variables
5@ Angles Solar geometry Global incident in coll. plane
—Fields format Hsol Sun height Effective Global, corr. for 1AM and sh...
¥ Azsel Sun azimuth i
® .oV (Bxcel compatibie) sremat ] Effective energy at the output of the ...
b Anglnc Incidence angle Energy injected into grid
R BT e @ AngProf  Profile angle Performance Ratio

Sun height

Sun azimuth
Incidence angle
Profile angle

Check the Variables that should go to the output

Change order by dragging with the mouse

ww [ oo 4 P50/P90 ANalysis |euum e
it | e |
R A Kol || S
Feb. 05 1148 3697 10] | Datasource  pucas sanan ok
Mar. 05 157.3 56.85 4 05 03|
Apr. 05 2028 6241 15] || ndofdaa Bochoyer ] | gz 0w
May 05 218 6856 18] | | vear devotan hom vesage B % 1= . .
June 05 217 7022 IR — B @ o ECOn0m|C evaluatlon
July 05 2351 7148 21 ot
Aug. 05 272 60.35 2 Simulstion and parameters uncertamties ol
Sop. 05 1881 5287 21] [ o o mottrwans —— ot = e
oct 05 1439 4839 IO — —. . P — .
Nov. 05 1008 78 “ = o comu | L s e =
Dec. 05 206 3042 1| || ot mematcn po % Cesiting estimation Instataton costs- Sorutt i coror 1
Year 2027.7 20.82 16 Z““"’"“’"""’ :z :u Vasiy 139 GWh Qlav/O0CEMO s.colorp. chr [1:3] “black” “green” “blue
o e - — o = 5 s.colorp. ch
R [ p s e e R = R example
Sl Gkl borzoil raciaton sy ey Bl: wm amom sovomin  [mml[nsl [ wwa) Excel example snseue
Difor  Horizontal diftuse inadiation B 5o 0 e poge e et [ w0 curcpe
TAmb  Amblent Temperature S S s s s 1510 £ s sy e Symthétiaue
Globinc  Globalincident In col.pisnis Soutes 1t sy w0 Simulation varisr_DEMO_COI20/10/21 11F_DEMO_COMMERCIAL MARSEILLE._Economic evalustion S T ¥
GIObERF  Effective Glabal, corr for IAM and shadings — o oo 1629 v -
xeo J— s -
= L cots 100 Simulation:  Hourly valus fram 01/01/ to 31/12/%
o bk sheroes o) ] [ om) .
e I E— p— date Globinc  GlobEFl  EAway  EGrd PR HSol AsSol Anginc AngProf - %
wimt wim o amo + ot - 3
[remr— e o
oeprecete et @ S 01.01.1990 00:00 o o o o 1 o o w0 e
01.01.150 01:00 o o o o 1 o o s o
01.01.1950 02:00 o o o o 1 o o % o ecnunp pata
0L01.1950 03:00 0 0 0 L U T
ovoaz2 PVsyst Licensed o Bruno Witimer (Suisso) Page 477 01.01.1550 02:00 o o o o 1 o o s o .
L a0 m0n r r r r — R .
o id vs. GlobETT FU T S S
oL 1 o o 90 o T_Amb
o . 1 amn e TO7 Sa7M
o e oe 35 10353 44156 69432 14303
o 3 LT 258 17.063 -31.751 60.407 15.848
o 2 . B 2848 1797 M8 184
o 5 R 825 25,637 -3.105 51335 23.668
w L o 86 2799 1908 52572 20248
o e S12 1976 26217 5748 2125
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Comparison with measured data

Import weather and Execute simulation Comparison plots
monitoring data

PoA Irradiance [mmms

T T
sum 3868 points, Hourly average 345 Wim?
Meas - Model Errce - aver = 3,12 mms = 42,57 Wim?

GHI, DHI, PoA Irradiance —I

1000

| Chur;Custom file;imported at Chur energy at the output of the array (hourly values)

DC power [

DC power .

| } Moas. - Modsl Error - aver. = 2.1, s =556 KW
O % s = 17

7wl o s, Chur;Custom file;imported at Chur

AC power [

AC p OWEI  [uaitabie Eneray atinverter Output roury vaiues)
.

T
&0, sum 3868 points. Hously average 31.1 ki

Meas. - Modsl Emor - aver. = -2 03, rms = 546 kW
Meas. - Modal Enros - aver. = 6%, ms = 17%

200}~ H o 200 sl

i owf

40 ]
Simulated values (W]

Published validations

H. Nussbaumer, G. Janssen, D. Berrian, B. Wittmer, M. Klenk, T. Baumann, F. Baumgartner, M. Morf, A. Burgers, J. Libal, A. Mermoud,
Accuracy of simulated data for bifacial systems with varying tilt angles and share of diffuse radiation, Solar Energy, Volume 197, 2020

B. Wittmer, A. Mermoud, T. Schott ,
Analysis of PV Grid Installations Performance, Comparing Measured Data to Simulation Results to Identify Problems in Operation and Monitoring, EUPVSEC Proceedings, 2015

Validation should be done on hourly data!

A. Mermoud, T. Lejeune,
Performance assessment of a simulation model for PV modules of any available technology, 2010, available at www.pvsyst.com/scientific-publications/

A. Mermoud, R. Durot,

Installation Photovoltaique de I'Ecode d'Aire: Analyse des données de fonctionnement, comparaisons av%c le Ioﬂfiel PVsyst, 2009, available at www.pvsyst.com/scientific-publications/
age



Simulation uncertainties

.. . ) Example of a comparison for a 500 kWp system
Systematic simulation uncertainty

. . . o PV production [kW] AC power, measured/simulated
Idealizations in describing the system ,
. - ° Systematic

From models and their parameters: S SR 1008, 7 . uncertainties can
Uncertainties in transposition models, g J Soden T £ =] remain after

. . . 3 £ 2 * . averaging
Single diode model describing PV modules, 3 51 3 e ;
|dealized geometry, = 8- g o y
etc. S - . B R
Estimated overall yearly uncertainty around 1% - 3%

T T \ T T ' \ \ \ T 1 1 1
100 200 300 400 500 6 8 10 12 14 16 18

o

Simulated Hour of Day

Differential comparisons

Compare only a single aspect like geometry or string Example of comparison of different PV module cover glasses

i

| IAM definition Effect on diffuse and abedo  Effect onbeam Effect on global  Annual yield
.
topology: o
Meteo data Meteo of the project
1 0,

u n Ce rta I nty Ca n b e CO l I l e < 1 A) Casablanca/fanfa Metzonorm 7.2 (1986-205yr

Plane tilt [20 GlobInc 2069 W/m2¥r

DiffInc 391 W m2¥r 18.9%
Azmuth |0 Ablnc 11WmNr  0.5% [ Copy to cipboard

Weather: —Yearly IAM k

1AM function 1AM factor 60° 70° a0® IAMloss Beam Diffuse  Albedo
(%% relative to GlobInc)

L] Diffe rences between data prOViderS ASHRAE with bo = 0,050 243% 86.2% 63.6% 265% 170% 0.84% 0.11%

ASHRAE with bo = 0.050 95.0% 90.4% 76.2% 2.68% 1.84% 0.78% 0.07%

. ape
L A | b | ty ASHRAE with bo = 0.040 96.0% 92.3% 81.0% 2.15% 1.47% 0.61% 0.06%
n n u a Va r I a I I Fresnel smooth glass, n = 1.526 94.8% 86.2% 63.6% 2.83% 1.85% 0.87% 0.11%

Fresnel AR coating, n(glass)=1.526, n(AR)=1.230 96.2% 82.2% 68.1% 2.20% 1.42% 0.69% 0.09%

o Long-term trends Sandia model, acc. to database 95.6% 85.6% 59.7% 2.55% 1.681% 0.83% 0.12%
Estimated uncertainty: 3% - 15%
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Summary
Large variety of systems can be simulated in PVsyst
Grid-connected, Standalone, Pumping
From small residential PV systems up to utility scale
Complex shadings, bifacial systems, trackers, self-consumption, storage
Many details can be described in the simulation, including PV module aging
Components like PV modaules, inverters and batteries can be added by user
Weather data from many different sources can be imported

Simulation results

 Comprehensive reports

* Plots and tables

* Detailed hourly result files for further analysis

* Direct comparison to measured data
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Developments

Agri-PV extensions

Floating PV

Improvement of bifacial models (based on 3D drawing)
Orientations -> more flexibility

Sub-hourly data

Single Line diagram for PV system

Validations on measured systems

Tandem perovskite PV modules

Operate PVsyst simulations from command line
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