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Why model PV Degradation?

As PV deployment expands into more demanding The problem
environments, degradation threatens module lifetime

No open-source software combines
and performance.

physics-based degradation with
uncertainty quantification and
geospatial scaling — until PVDeg.

Modeling is critical for:

« Anticipating performance losses before they happen
Who it's for

PV reliability researchers, materials

scientists, and engineers — in the
+ Extending operational lifetime across diverse climates laboratory and the field.

* Guiding material selection for durability

- Enabling proactive maintenance strategies
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State of the field

Existing tools

« pvlib-python, SAM — simulate energy yield, SRR e U A e el

not degradation Start with the known physics of a
degradation mechanism — evaluate

* PVAnalytics, SolarDataTools — analyze L
its impact on system performance.

performance data
* RdTools, PVplr — extract degradation rates

from field data ‘t:f( \Q‘\“/‘Qﬁ.
. . . V . T
The limitation - .‘2’ A@ﬂ“‘:\\ Vany PV
« These are top-down: performance is ,‘1\ performance tools!
measured, rates are extracted — but the cause n} [ II’
of degradation is often unclear. 4‘""
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Software design

(@ Core functions

+ Functions: degradation
mechanisms, material
properties, and
environmental stressors

* Input: standardized
weather DataFrame +
location metadata

* Return: timeseries or a
summary number

Examples: humidity.module()
(moisture ingress),
letid.calc_letid_outdoors()
(LeTID).
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Software design

(2) Scenario class

*  Wraps core functions into a
reproducible pipeline that
defines locations, module
configurations, and
degradation mechanisms

+ Serves as an interface for
multiparameter and
multiphysics studies

*  Compare climates,
configurations, etc.

*  Complex studies made
user-friendly and
reproducible

NATIONAL

t;Du raMAT LABORATORY

OF THE ROCKIES




Software design

(@ Core functions

+ Functions: degradation
mechanisms, material
properties, and
environmental stressors

* Input: standardized
weather DataFrame +
location metadata

* Return: timeseries or a
summary number

Examples: humidity.module()
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(2) Scenario class

Wraps core functions into a
reproducible pipeline that
defines locations, module
configurations, and

degradation mechanisms

Serves as an interface for
multiparameter and
multiphysics studies

Compare climates,
configurations, etc.

Complex studies made
user-friendly and
reproducible

(3) Geospatial

+ Distribute degradation
calculations across
geographic regions with
parallel processing

* Integrates public (NSRDB,
PVGIS) climate data

*  Samples latitude-

longitude grids (uniform
or stochastic)

*  Built-in mapping

visualizations
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parallel processing

* Integrates public (NSRDB,

PVGIS) climate data

*  Samples latitude-

longitude grids (uniform
or stochastic)

*  Built-in mapping

visualizations

(® Monte Carlo

* Propagates uncertainty for
laboratory-to-field
extrapolation

» Samples parameter
distributions and their
correlations

*  Produces confidence
intervals, not single values

* Identifies which parameters
most affect reliability risk

Method described in Springer et al.
(2022), Future-proofing.

U.S. DEPARTMENT OF NATIONAL

t;Du raMAT LABORATORY

OF THE ROCKIES

ENERGY




Case study: I[EC TS 63126 standoff
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Open datasets and tutorials

Community-driven open datasets Tutorials & tools
- Degradation parameters and kinetic coefficients «  Comprehensive suite of Jupyter notebooks
« UV-albedo data * Core mechanisms - Scenario - geospatial -

« Permeation properties (H.O, O, acetic acid) uncertainty

* Interactive and reproducible
* Integrates real datasets (NSRDB, PVGIS)

* Query through the core API

* Continuously expanded — contributions welcome

PVDeg is a reproducible, field-relevant platform, and a growing shared knowledge base for the community.
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PVDeg: what’s next?

' v0.8.0 will deliver enhanced multi-job chaining for sequential analysis in the Scenario class

Manual
databases

Separate
computation for
each configuration
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Current workflow

[ Set location ]

Single material ]

Al LLM-built
database

Single degradation
mechanism

Future workflow

[ Set location ]

—P[ Multiple materials ]

] Single computation for

Run degradation
model

multiple configurations

€BDuraMAT
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Multiple degradation
mechanisms

[ Run degradation }

models




We thank all contributors!

>
®
T
M
&

&

n RDaxini #1 ‘% martin- sprmger #2

806 commits 107,864 ++ 359 commits 611,27

A A
] Q
z S
200 = 200 =
] Q
E n
0 0
2022 2024 2026 2022 2024 2026
]j m Y Mmoo @
5

tobin-ford #3 S ) #&2. mcbrown042 #4 S
# 303 commits 146,771 ++ | ﬂ 127 commits 388,287 ++

) n
9 9
E :

200 & 200 & “
o o) A m #13

0 0

2022 2024 2026 2022 2024 2026

&
&

MDKempe #5) oo A shirubana #6
124 commits 105,800 ++ v 112 commits 227,407 ++

Q Q N
S S
200 = 200 =
] Q
i =
0 0
2022 2024 2026 2022 2024 2026

&

U.S. DEPARTMENT OF NATIONAL Sandia

ENERGY €BDuraMAT LsoRwTony N




U.S. DEPARTMENT OF

Summary

PVDeg: the missing link between materials science and field performance

P NG

PV T

PVDeg Open datasets Tutorials Chain analysis Al
Bottom-up PV Transparent and Step-by-step Jupyter Sequential pipelines LLM-driven datasets
degradation reproducible notebook tutorials chaining together
modeling computation for accessibility calculations
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PVDeg GitHub @
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