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Field Retrieved Modules

Cross Sectional

Retrieved Module Survey? :

« 33 Modules; 15 locations
o Airside Layers:
THV (3), PA (8), PET (7),
PVF (10), PVDF (5)
o Climatic Zones:
Aw, BSk, BWh,
Cfa, Csa, Csb

o 0 - 28 year Exposure

e Inhomogeneous
Backsheet Degradation

Field Retrieved Studies:
e Biased Sample
o Damaged / Replaced
Modules
e Sample Size
e Lack of Complete
BoM information
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Motivation: Initial Survey

Is degradation uniform over a field?

o Are retrieved modules representative?

How do climate zones impact degradation?

Row row1l * row3 * rowb
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Motivation: Initial Survey
Is degradation uniform over a field?

o Are retrieved modules representative?
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Site Selection

Sites with a wide variety of conditions
e Temperature Fluxuations 4
e Precipital Water NS
e Levels of Irradiance

I A~ -BWh[:} callll]cwa[ Jcta

Climate Zone Classification B e v o - O c

[Jesk
e Based on annual vv_eqthfar patterr)s . — .. —
e Temperature, Precipitation, Irradiance, o — o — (o4

Windspeed, etc

Kdppen-Geiger e
e Widely Used - developed for agricul oppenceiger cimstic zones

e Updated Frequently : _—
e Simple ‘ B
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¢ R Climate Zone Package Képpen-Geiger®
6) Rubel, Franz, and Markus Kottek. 2010. “Observed and Projected Climate Shifts 1901-2100 Depicted by World Maps of the Koppen-Geiger Climate Classification.” Meteorologische Zeitschrift 19 (2): 135-41. 8
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Field Study Protocol

Module Number: Position of
the module in the row (from

the edge) i.eﬂ, Module 30

LTI Iy 7

MW%W i 1.,.HHHHWFHH¥HHM

I I

Subrow: If a row has

~

MW%WHWW Rack: A multiple modules
i continuous set of stacked vertically,
‘ modules without each row will receive
—— physical spacing a subrow designation.
i between mounting The top most row will
structures be designated A, the
next B, etc...

PV Backsheets Survey Protocol: A Framework for Geo-spatial Field Surveys for Bulk Material Characterization and Reliability
S. Bruckman. 2023 Analysis applied across 41 PV Systems. Minor Revisions Solar Energy
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Field Survey Protocol: Nomenclature (Real Examples)

' Frontside unshaded
Blocks

e Row 1 of Block 4
e Rowl

Rearside unshaded
e Row 23 of Block 1
e Rowb

P— 77, Tnn angle

(0,0)

Column

|
|
Clearance 1‘
|

~

“=:Module Number 1 -
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Materials Characterization {
|

Attenuated Total Reflection

Fourier Transform Infrared (ATR-FTIR)

Abs/cm
oo oo 080 008 o
RE ohb onm omE

e Identify the composition of backsheet material

e Used for polymer

e Only works for the surface/outer layer of backsheets

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Yellowness Index
e Polymer will have a color change after degradation
e Shows the degree of color change

Gloss
e Shows the surface roughness of backsheet materials
e Affected by the smoothness and flatness of the surface
e Additional insight into the degradation of the material

&y Laura S. Bruckman, 2023
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Field Survey Protocol: Measurement Positions

Multiple measurements done for each module

Not every site has same positions measured
e Due to mounting constraints

Recommended locations
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Data Cleaning & Storage

FAIRMaterials

FAIRIification of data
e Findable
e Accessible
e Interoperable
e Reusable

Data storage
e Hadoop/Hbase
e Stored as JSON-LD

Data Analysis

What is FAIR DATA?

. Data and supplementary materials have . . Metadata and data are understandable .
. sufficiently rich metadata and a unique - to humans and machines. Data is

and persistent identifier. . deposited in a trusted repository.

3 Metadata use a formal, accessible, £ 3 Data and collections have a clear
« shared, and broadly applicable language + + usage licenses and provide accurate

for knowledge representation. & information on provenance.

e High-performance computing (HPC) cluster ©

Charaterization Method (Process)

Laura S. Bruckman, 2023

e Python and R Packages
o FAIR Ontology
o JSON-LD Metadata,

Data

e Read The Docs
o Documentation
o Code Examples
o JSON-LD Playground
o WebVOWL

OSF Open Data

rvuniology

Award No: DE-EE-0008748 / 000000
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Field Survey Observations
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Overview of Completed Surveys

Material Types Number
41 sites surveyed Climate Zones Number PEN 3
e 7/ Climatic zones Cfa 19 PET 10
e 8 Material types Csa 2 PVF 5
o 7 polymers Csb 3 PVDF 3
o 1 glass E[‘)?: 171 Acrylic PVDF 7
Dib 1 FEVE I
3,467 modules AM 1 THY 3
e 17,684 measurements Test Bed 2
Glass 1

e Award No: DE-EE-0008748 / 000000 15
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https://docs.google.com/spreadsheets/d/10Dp2TJIwROqdAEjbIZ9U7gX_YuNAlmdj/edit?usp=sharing&ouid=100735738830796411484&rtpof=true&sd=true

NIST Small Site (Example)
e SS-16-0:09/01/2016 (4 years)
e SS-16-1:10/27/2020 (8 years)
e SS-16-8:09/15/2022 (10 years)

NIST Large Site
e SS-16-2:10/28/2020 (2 years)
e SS-16-7:09/14/2022 (4 years)

/". %

Mcco Site “
NIST Large

e SS-17-1:07/06/2019 (5 years)

e SS-17-3:08/12/2022 (8 years) NIST Small UL Ground
ma roun

UL Ground Site
e SS-18-2:01/21/2021 (10 years)
e SS-18-3:01/10/2023 (12 years)

[ | e
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Field Survey Observation: Spatiotemporal Degradation
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Non-uniformity: Irradiance Exposure due to Road

S55-15-3
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Gloss Measurements for Junction Boxes
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Study Protocol: Study Variants

=

Variants in this Field
Backsheet Study

Rear
Shaded

Gray
Rock

“NRE Laura S. Bruckman, 2023

'

Center
Edge

Height

[ Portrait ] [Landscape]

a Including:

Temperature Cycling
Condensing Water at Reaction Site
Temperature

Wavelength Dependencies
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Rear-side Irradiance Simulation



Simulation Parameters

bifacial _radiance package from NREL
Generated a model of radiance distribution

e Sky
Location
Albedo

e Module

Size of module & cell
Gap between the modules & cells
Number of subrows, etc.
e Scene
Number of rows
Number of modules per row
Tilt & Azimuth, etc.

Weather data source
e Typical Meteorological Year (TMY)

G Laura S. Bruckman, 2023

HDR

HDR with False Color

o: DE-EE-0008748 / 000000

23


https://drive.google.com/file/d/1yukKseZqwS0zmyMRt8_TTgxYDAygFrhY/view?usp=sharing

Leveraging Anisotropic Exposure

Field in Maryland o SS-16-0
e Builtin 2012 JFOOJ?L e 4years
e Backsheet material: PEN o/ dn SS-16-1
e Climate Zone: Cfa e 38years
e DC-output: 271kw (360V, 753A) SS-16-8
e 10 years

Yellowness Index

Yellowness Index vs. Irradiance Dose

30

20

-
o

Yellowness Index

M-
Irradiance Dose (F )

Survey Year * 2016 °* 2020 * 2022

Laura S. Bruckman, 2023

Yellowness Index vs. Simulated Irradiance Dose

20

10

M-]
Iradiance Dose (—-)
m
All 3 Surveys — In total Survey Year - 2016 - 2020 - 2022
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Yl Versus Dose for Different Materials

PVDF_Acrylic FEVE
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Spatiotemporal Equation: Modeling Results

Y(CW,TAET. I Rpo,e. M, JBi t) =
Bo+ Bi{CW x ) + Bo(TAET x t)
+ fIRpyee. M. JB;)

CW: Time of contact wetness (hours/exposure time)

TAET: Time at elevated temperature 35°C (hours/exposure
time)

IRpose: SUM of simulation irradiance for the exposure time in
each field (MJ/m?)

M.: Type of Material

JB;: A logical variable for the measurement whether locate
at junction box

t. exposure time in the field (year)

f(x): Smooth Function

Laura S. Bruckman, 2023

Data source
e 23 surveys
e 1806 modules
e 10836
measurements
e 7 types of materials

Training set
e 8127 measurements

Testing set
e 2709 measurements

Adjusted R2: 96.2%

Training RMSE: 1.78
Testing RMSE: 1.80
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Capturing Temporal Distribution
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Thank you!

Questions?

Laura S. Bruckman
Ish41l@case.edu
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