
PROJECT NAME: Physics-Based Data-
Driven Grid Modelling to Accelerate
Accurate PV Integration
Last 5 digits of project number. 34226
Principal Investigator (PI): Matthew Reno
PI Email: mjreno@sandia.gov

BACKGROUND Ai INDUSTIrm gRAPAC"
• Modern distribution analysis tools and algorithms are

continually improving (hosting capacity analysis, QSTS,
and DERMS), but each uses feeder models based on a
manual data entry process that is often out of date and
prone to error with little validation or calibration

PROJ 'T OVFRVIEW OBJECTIVES
• This project will efficiently utilize grid-edge sensing

and Big Data to provide a more granular
understanding of the distribution system and to
substantially increase the precision and accuracy of
distribution system models — creating a fundamental
shift from models based on manual entry to data-
driven modeling

MET,IODS
• Use physics-based (i.e. non-black-box), data-driven

Machine Learning algorithms that allow distribution
grid models to dynamically adapt to continuously
changing conditions on the grid, increasing accuracy
and removing uncertainty from distribution system
models to facilitate the installation of high-
penetrations of Pv.

Kr-r OUT'OMFS / MI1
• Identify customer phase with 100% accuracy, even with

measurement noise.
• Detect behind-the-meter PV locations and predict PV

size, tilt, and azimuth within 5% accuracy.
• Estimate secondary system topology and line

parameters with high accuracy
• Demonstrate the value of higher resolution load data

for accuracy in load flow results and hosting capacity
by decreasing the hosting capacity error to <50% of
the original error on average

CONCLUSION / REMAINING RISV
• This project provides a quantum leap from distribution

models based on static data entry to data-driven
distribution models that are continuously learning and
being calibrated based on grid-edge sensors and
advanced, physics-based machine learning algorithms.

• Methods have been proven to be robust to
measurement errors and uncertainties.

• The improved feeder models enable business cases
including: accurate DER impact assessment, improved
distribution system efficiency, better implementation of
CVR, etc.

SYSTEMS INTEGRATION TRACK (System Planning Models and Simulation)
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Reconfiguration
Detect the state of

switches, i ncluding load
transfers to other feeders
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Setting and State Determination
Determi ne the controls a nd state of
distribution a utomation equi pment

PV Dynamic Modeling
Determi ne dyna mi c

model pa rameters for PV
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PV Detection
Detect PVconfiguration (size,
tilt and a zimuth)a nd settings

Sandia National Laboratories is a multimission laboratory managed and operated by
National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's
National Nuclear Security Administration under contract DE-NA0003525.
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Parameter Estimation
Esti mate ca ble length and

topology of the I ow-
vol ta ge system
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Phase Identification
Identify the phase of laterals and
phase of si ngle-phase transformers
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Take a picture
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Integration

Custome r Transforme rs 
Identify which transformer
each meter is connected to
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Detailed Load Modeling
I mproved s patial a nd tempora
resol ution for phase-specific,
voltage-sensitive I oad models
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This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.


