Hybrid Physics-Informed Digital Twin for PV Performance
MORGAN Modeling with Field Validation D

CENTER FOR EQUITABLE Al & Daniel Okon - Dr. Kofi Nyarko

Performance

MODELING COLLABORATIVE
MACHINE LEARNING SYSTEMS

Center for Equitable Al and Machine Learning Systems (CEAMLS), Morgan State University
2026 PVPMC Workshop

Background & Motivation Framework Architecture / Methodology Preliminary Results & Discussion
- 2 - = POA + Tcey — MODEL PERFORMANCE COMPARISON
Q Accurate PV performance prediction is essential A physics-guided Al that learns and adapts using field data e e e e
for energy yield estimation, system optimization, é o
and performance monitoring.
= N - ) Hybrid DT 0.02869 0.07654 +0.00599 0.8669 29.68%
. - . 1. PHYSICS-BASED MODEL 2. RESIDUAL LEARNING MODEL
1 Physics-based models exhibit systematic bias
under real operating conditions. Thermal |ag, Captures PV behavior Learns the error (residual) B TSI 0 TG S
spectral mismatch, and sensor uncertainty using first principles the physics model 17.4% 40.0% +0.0143
introduce residual errors that standard inputs cannot capture
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 This work presents a hybrid digital twin : :
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Validate The framework using 10,000+ field measurements from 4 oo
. the DOE ARM CoURAGE facility at Morgan State University. Field measurements from PV plant | i
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T ' A hybrid digital twin coupling a single-diode physics model
: P,
Data & ExPerlmental SEtUP & @ @ -0 with Al residual correction was developed and field-validated.
- Irradiance Module Voltage Current Wind Validation against DOE ARM CoURAGE measurements
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SITE DOE ARM COURAGE F.aC”'ty ; Validated using ARM CoURAGE meteorological data - emerged as dominant correction signals, indicating
Morgan State University, | Morgan State Clifton Park site, Baltimore atmospheric spectral effects and thermal inertia as primary
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ey - J sources of residual error. Following abstract submission, the
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(custom DAQ) accuracy monitoring and risk yield Expand validation across seasonal conditions and additional
- / ARM sites. Investigate continuous data assimilation using
DATASET 10,000+ synchronized 1- streaming field measurements. Extend the framework to
minute observational [ LEGEND —— Physics pathway ~———  Al/ML pathway Data flow - = = Feedback / adaptation ] utility-scale systems across diverse PV technologies and
records climate zones.
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