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A magnificent multiscale problem:
Atom-to-farm perspective
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An atom-to-system approach for PV research.
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Bifacial Farm: Global Optimization

R. Khan,Applied Energy, 2017
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Missing: Geography-specific Reliability

Degradation Rate: Hot = 8 x Cold
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"All-India Survey of Photovoltaic Module Degradation: 2013."

Data is not information:
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Approach: PV Heartbeat interpreted
by physics-based model

EKG Diagram X.Sun,PIP. 2018

“Heartbeat” of PV
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Can you hear the shape of a drum? ... M. Kac, 1966



Outline

* Approach: Physics-based inverse modeling
* Concept: Vmp-Imp as an in-situ EKG
* Four steps for inverse modeling
* Results: Parameter degradation
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Concept: In-situ parameter-extraction
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Step 1: Physics-Based Compact Models

Compact Model Library Circuit Network Library
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Step 2: Time-zero model calibration
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Step 3: Preprocessing of weather data
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Step 4: On-line characterization
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Results: Extracted Model Parameters
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Results: multiple sites
in close proximity
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Outline

Introduction: Atom-to-farm perspective
Approach: Physics-based inverse modeling
* Concept: Vmp-Imp as an in-situ EKG
* Four steps for inverse modeling
* Results: Parameter degradation

Future prediction: physics-based degradation

Conclusions: Data vs. Information



Future performance: Fitting the
degradation model

Weather & cell/module/farm
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Electrical Signature Correlated to
Degradation Phenomena
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Physics-based Degradation models
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Solder-Bond Failure Exclusively Correlated to
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AP/AP

PID affects Shunt Resistance

AP(t) = APy [1 + exp(—(t — to5)Rp) ™"
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Reliability prediction

Learning Prediction
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DEEDS For Solar Farm EKG
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Conclusions: PV Heartbeat interpreted
by physics-based model
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