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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
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R. Khan, Applied Energy, 2017

Deline, Stein, Woodhouse, Silverman, Kurtz



Missing: Geography-specific Reliability

Degradation Rate: Hot = 8 × Cold

“All-India Survey of Photovoltaic Module Degradation : 2013.”

Data is not information: 

How did they fail? Hot-humid? Technology? Company? 



Approach: PV Heartbeat interpreted 
by physics-based model

EKG Diagram

Solar Panels

at Knoy Hall

“Heartbeat” of PV

Can you hear the shape of a drum? … M. Kac, 1966

X. Sun, PIP, 2018



Outline
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• 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 



Panel Data (IV sweep)

Input Data(S, Temp)

Devices model as a “neural” network

(b)

(c)

(a)

Vmp-Imp Stream

Initial characterization 

(S, Temp)

𝐴(𝑡) 𝑥(𝑡) = 𝑏(𝑡)



Concept: In-situ parameter-extraction
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Step 1: Physics-Based Compact Models

~5000 total views and  ~1000 downloads

https://nanohub.org/publications/20/1

GaAs Mono-Si p-n 

a-Si Perovskite p-i-n

HITCIGS heterojunction

Compact Model Library Circuit Network Library

monolithic solar module Si-based solar module

Sun, PVSC, 2015.

Chavali, JPV, 2016.



Step 2: Time-zero model calibration
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Step 3: Preprocessing of weather data

Irradiance data

Faiman model
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Missing Data

SAPM model
NSRDB

PUMET model

Missing DataModule temperature



Step 4: On-line characterization
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Results: Extracted Model Parameters
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Results: Independent Validation
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Results: multiple sites
in close proximity
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Sanyo HIT SIEMENS X-Si 
D. Jordan, P. Hacke, et al. , JPV, 2017



Outline
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• 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
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Electrical Signature Correlated to 
Degradation Phenomena 
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𝑅𝑠 Increase
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(Fake) Shunt due to finger thinning
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A

𝑅𝑠ℎ

3 cm

Reza, JPV, 2019



Solder-Bond Failure Exclusively Correlated to 
Series Resistance Increase
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Threshold

Count

DLIT

Pmax = 209.1 W Pmax = 274.7 W

(a) (b)

Dana, Johnston, NREL



PID affects Shunt Resistance
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Δ𝑃(𝑡) = Δ𝑃∞ [1 + exp − 𝑡 − 𝑡0.5 𝑅𝐷
−1



Reliability prediction
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3 years Next 12 years

𝑅~
1

𝑡 − ∆𝑡

Our framework allows inverse modelling of 3-year simulated 

field data, and predict the energy yield for total15 years.



Panel Data 

(IV sweep 

or Vmp -Imp)
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DEEDS For Solar Farm EKG

DEEDS in a 4M NSF 

Data-Initiative at Purdue

Alam group’s Physics-based PV 

Forensics is a key initiative

Builds on the DuraMAT

Database



Conclusions: PV Heartbeat interpreted 
by physics-based model

EKG Diagram

Solar Panels

at Knoy Hall

“Heartbeat” of PV

Inverter as a Fitbit …


