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Schematic Representation:

• Buildings consume 40% of U.S. electricity, with HVAC systems responsible for 
nearly 45%, making efficient thermal modeling essential.

• Compact and accurate models are needed to enable intelligent HVAC control 
for grid-edge applications.

• For this purpose, robust models are essential, and we opt for grey-box models 
as they offer a balance between interpretability, which is lacking in black-box 
models, and computational efficiency, which is often a challenge in white-box.

• We evaluate Resistance-Capacitance (RC) network models and structured 
regression models using five parameter estimation techniques: Nonlinear 
Least Squares (NLS), Batch Estimation (BE), Maximum Likelihood Estimation 
(MLE) for RC models, and Linear Least Squares (LLS) and Almon Lag Structure 
(ALS) for regression-based models. 

• A structured simulation framework with three testing types is employed to 
assess model generalization under varying control policies for grid-interactive 
buildings.
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• RC-network models of moderate complexity, estimated via BE and MLE, 
demonstrate superior generalization to varying control policies compared 
to regression-based models. 

• Future work will focus on developing scalable, physics-informed models 
using Scientific Machine Learning, as larger datasets can improve model 
learning while GB faces scalability challenges.
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