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Maxeon Product Line Modules

1. SunPower Technologies: Special Modeling Guidelines

SunPower technologies have premium performance characteristics which require special attention when
modeling energy production in PVSyst. The sections of PVSyst input guidance provided below are specifically

defined for Maxeon IBC Modules:

1.1 Module Quality
1.2 Light-induced degradation (LID)
1.3 Mismatch
1.4
1.5

1.6

Incidence angle modifier (IAM)
Shading response

Degradation

1.1 Module Quality
Module Quality = 0%

The “Module Quality” setting in PVSyst defines
the expected collective power rating of the
modules delivered to a project, pre-LID.

The industry tolerance standard on module flash
have improved, and most manufacturers should
be delivering modules which flash—on
average—very close to their nameplate rating
with a distribution of no greater than -0%/+5%.

The Module Quality should be set to 0% for all
Maxeon modules.

PV field detailed losses parameter

Ageing

Thermal parameter | Ohmic Losses

Module quality - LID - Mismatch

Module quality

Module effidency loss [0.0

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

LID loss factor 0.0

Degradation of crystalline silicon modules,
in the first operating hours by respect to
the manufacturing flash test 5TC values.

default
%

]

%

?

Unavailabilty
| solingLoss

Module Mismatch Losses default

0.3 %

% W

Power Loss at MPP

Loss when running at fixed voltage |2.5
Not relevant when MPPT operation

¥4 Detailed computation ﬂ

Strings voltage mismatch
Defauit

0.5 %

_ Byoetieasuey | 7]

Power Loss at MPP

Spectral Correction
IAM Losses

Auxiliaries

X cancel ‘

5 Losses graph ‘

oK
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1.2 Light-Induced Degradation

LID = 0%

Light Induced Degradation (LID) effects
conventional p-type boron-doped wafer
technologies. Premium technologies using

n-type doped wafers, like SunPower’s

interdigitated back contact (IBC) mono-

facial cells, are not affected by LID.

Note that most p-type crystalline and thin-
film PV technologies experience 1-3% LID

after the first several hours of sun
exposure following installation.

PVSyst Help defines LID effect as “The LID

effect only arises with conventional p-type
boron-doped wafers. Unconventional

technologies using n-type doped wafers
(as for example SunPower mono-facial
cells) are not affected”.

1.3 Mismatch Loss

Total Mismatch = 0.8%

Research has demonstrated that the voltage mismatch
associated with current module tolerance standards
will result in a loss in system power of significantly less
than the PVSyst default of 1%.

SunPower delivers tight Gaussian distributions of
module flash ratings to our customers. We therefore
recommend using a total, conservative mismatch
value of 0.8% for our IBC technologies.

Module current mismatch = 0.3%
Strings voltage mismatch = 0.5%

Ageing

Thermal parameter Ohmic Losses

Unavailability
Module quality - LID - Mismatch ]

Spectral Correction

Soiling Loss 1AM Losses

Module quality default

Module effidency loss (0.0 o

Deviation of the average effective module
efficiency with respect to manufacturer 7
specifications.

LID - Light Induced Degradation =

LID loss factor (0.0 %[

Degradation of crystaline siicon modules,
in the first operating hours by respectto
the manufacturing flash testSTC values.  —

Module Mismatch Losses

default
Pouwer Loss at MPP 0.3 %
Loss when running at fixed voltage [2.5 % Wi

Not relevant when MPPT operation

% Detailed computation ﬂ

Strings voltage mismatch
Default

0.5 %

Power Loss at MPP

_ Byocwiecasuey | 1]

PV field detailed losses parameter - m] X
Ageing Unavailability Spectral Correction 1
Thermal parameter | Ohmic Losses Module quality - LD - Mismatch 1 Solingloss | LAMLosses Audiaries |
Module quali Module Mismatch Losses
Ly default default
Module efficency loss [0.0 % [ Power Loss at MPP 0.3 % [
Deviation of the average effective module Loss when running at fixed voltage 2.5 % I
effidency with respect to manufacturer 2 Not relevant when MPPT aperation
specifications.
4 Detailed computation %
LID - Light Induced Degradation defadlt Strings voltage mismatch e
Dloss factor [0.0 % [~ Power Loss at MPP 5 =
Degradation of crystalline silicon modules,
in the first operating hours by respect to £ _
the manufacturing fiash test STC values. = h Detailed study 2
{7 Losses graph ‘ X cancel ‘ o 0K
PV field detailed losses parameter - (m]

Auxiliaries

|
|

=

X cancel ‘
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1.4 1AM Profile

SunPower IAM profiles defined in PAN file
SunPower module technologies are
laminated with a high-quality, high-
performance, anti-reflective glass, which
absorbs significantly more direct and
diffuse light than a standard glass surface.
The IAM points defining the incidence
angle response of the SunPower anti-
reflective glass are provided in the PAN file
for each module product. IAM tables are
also available in Appendix A at the end of
this guideline.

1.5 Near Shadings

SunPower E-Series, X-Series and A-Series
modules have superior performance under
shaded conditions, due to the low reverse-
bias breakdown voltage of the interdigitated
back contact (IBC) cell. PVSyst offers various
methods for characterizing response of
shaded SunPower modules :

1. Unlimited Sheds : select « Electrical

Effect » in Shades Parameters window

If Landscape:

L —————

Concerned subsystem Array #1 - Apply this to all subsystems ‘
Theimal parameter | Ohmic Losses | Module qualty - LID - Mismatch | Soling Loss  14M Losses I Ausiaries | Dearadatic 4| »
Incidence Angle Modifier I [¥ Uses definition of the PV mndulel
P — Angle effect
1.0 () 0050
08
o
[ el ?
07
06 Points
sk Incidangle  14M
nal- 0.0 1.000 :‘
03 50 1.000
02
o1k 0. 0.590
0.0 1 1 1 1 1 1 L L B5.0 0.970
0 10 20 35’ . 40 50 :fU 70 80 90
ncidence Angle [ 70,0 0.940
w Detailed study 75.0 0.830 _I
E Losses graph ‘ x Cancel / 0K
Shed: strings and cells configuration — O X
Information

Electrical effect of the mutual shadings :
When the bottom cell is shaded, the electrical production of the whole string is lost, Therefore the shading effect doesn't
increase before reaching the second string.

When the bottom cell is partially shaded, the effect is proportionnal to the shaded fraction of the cell.

[ Use Electrical shading effect

Mutual sh adlng faclor
for this simulation

1.0 e T

Electr\cal effect
08 ——— Linear effect
String and Cell sizes

g Mb. of strings (transverse) J
in the width of the row

i == width of one string ~ L.000 m
Cell size (transverse) 1560 cm
0.0 1 1 1
o 5 10 15 20 25 H
sun height (Profile angle) [7] X cancel v oK

- Nb. Strings = 3 x #modules/row in north-south direction

- Cell size =16.0cm

If Portrait:

- Nb. Strings = #modules row in north-south direction

- Cell size =16.0cm
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2. All other Field Types requiring user-defined Shading Scene --> Construction/Perspective

To reflect the excellent shade response
of E and X Series in PV-Syst, create a
shading scene in the Near Shadings
section and select the ‘According to
module strings’ option.

If Portrait:
- Fraction for Electrical Effect = 75%
If Landscape:

- Inthe Construction/Perspective
tool, subpartition module strings
into 3 in height for each module in
the racking in the north-south
direction. This will allow the
model to account for the 3 bypass
diode behavior in the module

Near Shadings definition, Variant "Fixed Tilt 25 deg_default parameters™

Comment \Shad\ng Scene

‘Compatibiity with Orientation and System parameter

Orient./System Shadings 92 Construction / Perspective ‘
Active area 13816 m2 13686 m?
Fields tit 25.0° 25.0° N
Fields azimuth 0.00 0.0° Shadiaqjiactoniable
Information Table = Graph ‘

Use in simulation

" No Shadings Calculation mode

@ Fast (table)

System overview

(" Linear shadings

[=]

" Slow (simul.) & Print
® According to module strings Model library
Fraction for electrical effect |100.0 ﬁ % 9
Open X Cancel

when installed in landscape orientation.
- Fraction for Electrical Effect = 50%

1.6 Ageing (Degradation)

=]

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

' OK

uldd

Save

Average Degradation Factor = 0.25%/yr
Imp RMS dispersion = 0.10%/yr
Vmp RMS dispersion = 0.10%/yr

SunPower modules set the industry
standard for low degradation at 0.25% per
year. This also means that the variance in
current and voltage also does not change
significantly over time, resulting in very low
RMS dispersion rates (estimated 0.1%/yr).

The resulting long-term degradation for
SunPower modules is consistent with the

PV field detailed losses parameter — a x

Thermal parameter | Ohmiclosses |  Module quality -LID -Mismatch | Soiingloss |  IAMLosses Awdlares |

low degradation rate in the Sunpower

Ageing Unavailability Spectral correction
Uses degradation in the simulation Graphs | Mismatch calculation | Module warranty |
[¥ Uses in simulation 2
Parameters in simulation
Simulation for yearno |25 ﬂ T T T T T
100 ,
Individual PV modules: 980 | =
Global degrad. factor " E
Mismatch degrad. factor  [0.40 % £ sof Use in simulation ]
3 Loss=10.2%
2
& gy} = Basic degradation _
Model ——— With annual increasing mismatch
PV module ageing parameters ——— Module warranty
! ! L L L
fwer. degradation factor [0.40 @ %fyear ik s m " > e 0
Imp RMS dispersion [0.10] [~ %fyear ear
Vimp RMS dispersion W [~ fyear
{+ Efficiencies
—
(T Add statistics £ Losses
{7 Losses graph X cancel o oK

module warranty.
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2. General Parameters for Best Modeling Practices:

Several modeling parameters in PVSyst are important to understand for proper modeling of systems, but are not
typically unique to individual technologies. The following guidelines may be applied to systems using any module

technology:

2.1 Transposition Model Selection

SunPower has determined that the Perez tilted-plane (transposition) model can significantly improve the

accuracy of calculated plane-of-irradiance (POA) irradiance accuracy in solar array applications. Therefore, select

the Perez-Ineichen physical model under Preferences.

2.2 Thermal Parameter Selection

PV field detailed losses parameter

System Type Uc Uv

Open Rack 29.0 0.0

(SAT, GFT) (PVsyst (PVsyst

Default) Default)
Single Tilt 26.0 1.2
Dual Tilt 20.0 1.0
|

Flush or Invisi | 20.0 0.0

Mount
For Open Rack systems SunPower
recommends to use Pvsyst default values.
SunPower has conducted a study to

determine the best thermal response

Ageing
Thermal parameter

Unavailability
Module quality - LID - Mismatch }

Spectral Correction

Ohmic Losses } Soiling Loss IAM Losses

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

Thermal Loss factor U = Uc + Uv * Wind vel

29.0 Wijm2k ﬂ
b0 wimk/mjs

Default value acc. to mounting

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

Constant loss factor Uc

Wind loss factor Uv

Don"t use the NOCT approach. This is quite
confusing when applied to an array !

K= See the NOCT anyway 2

[¥" [Fres” mounted modules with air crculation;

[ Semiintegrated with air duct behind
[~ Integration with fully insulated back

|

Auxiiaries ]

£ Losses graph

X cancel

o oK

coefficients for use in PVSyst, based on thermal performance of a subset of the SunPower fleet in which the

thermal loss coefficients are aligned with PVsyst.

2.3 Soiling Loss

Soiling and dust impact on PV plant performance may be assessed in a dynamic way using rainfall data, manual
washing dates, and information about the local climate and environmental air quality.

Set the annual soiling loss to 1% for rainy regions and 2% for dry regions (with a number of washes to be defined).
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Appendix A

Incidence Angle Modifier points for E-Series and X-Series modules:

X Series IAM profile

AOQI [°] Recommended setting for PVsyst

| 0 1.00

| 10 N/A
20 1.00
30 1.00
40 1.00
50 1.00
60 0.99
70 0.94
80 0.78
90 0.00

E Series IAM Profile

AOI ] Recommended sefting for PVsyst

0 1.00
10 N/A
20 1.00
30 1.00
40 1.00
a0 1.00
60 1.00
70 0.96
80 0.80
90 0.00
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