Automatic Building Energy Modeling (AutoBEM)

Oak Ridge National Laboratory (ORNL) has developed the Automatic Building Energy Modeling (AutoBEM) software suite to process multiple types of data, extract building-specific descriptors, generate building energy models, and simulate them on High Performance Computing (HPC) resources.

Public data:
ORNL has created a model of every U.S. building! An OpenStudio (v3.1.0) and EnergyPlus (v9.4) of 122,930,327 (97.8%) U.S. buildings was generated using 45 million core-hours of Argonne National Laboratory’s Theta supercomputer, shared as State_County.zip, and made free/openly available.
[bookmark: _Hlk71698427]
New, Joshua R., Adams, Mark, Bass, Brett, Berres, Anne, and Clinton, Nicholas (2021). "Model America - data and models of every U.S. building. [Data set]." Constellation, doi.ccs.ornl.gov/ui/doi/339, April 14, 2021. [DOI]
· Model of every US building – bit.ly/ModelAmerica
· Requires Globus personal endpoint to download
· Before downloading, consider the better-formatted building data and models below.

Sample data:
· New, Joshua R., Bass, Brett, Adams, Mark, Berres, Anne, and Luo, Xuan (2021). "Los Angeles County Archetypes in Weather Research and Forecasting (WRF) Region from ORNL's AutoBEM [Data set]." Zenodo, doi.org/10.5281/zenodo.4726136, Apr. 28, 2021. [Zenodo]
· Data: New, Joshua R., Bass, Brett, Adams, Mark, and Berres, Anne (2021). "Clark County (Vegas) Archetypes from ORNL's AutoBEM [Data set]." Zenodo, doi.org/10.5281/zenodo.4552901, Mar. 21, 2021. [Zenodo]
· Data: New, Joshua R., Bass, Brett, Adams, Mark, and Berres, Anne (2021). "Model America - Clark County (Vegas) extract from ORNL's AutoBEM (Version 1.1) [Data set]." Zenodo, doi.org/10.5281/zenodo.4552901, Feb. 16, 2021. [Zenodo]

Capabilities:
· AutoBEM (peer review) - “Automatic Building detection and Energy Model creation” (AutoBEM) framework has been developed to ingest multiple data sources and create an EnergyPlus (DOE’s $95M simulation tool) model of every building in an area of interest. The goal is to create a model of all 124 million U.S. buildings by the end of 2020.
· Digital Twin of all buildings - Once a digital twin of all buildings is created, most what-if questions can be answered in ~6.5 hours. We simulate EE opportunities (technologies or policies) on the world’s fastest buildings simulator to quantify the energy, demand, emissions, and $ savings of these opportunities.
· Virtual Utility (poster) - We’ve used AutoBEM to develop a model of 178,368 buildings for a utility, analyze (building-specific, 15-minute resolution) demand and energy efficiency opportunities, and made some preliminary results available via an interactive web analytics portal at bit.ly/virtual_epb. These results can be aggregated to determine EE opportunities for any geographical area (e.g. critically loaded feeders, substations

Utilities:
AutoBEM has been applied to 178,337 building energy models to create a “digital twin” of all buildings in the service area of the Electric Power Board (EPB) of Chattanooga, TN. Every model has been compared to EPB’s 15-minute electricity use of each building and used to improve the models for many use cases including:
· Demand management – smart thermostats (e.g. pre-conditioning strategies) and water heaters
· Energy efficiency – lighting, infiltration, insulation, HVAC efficiency and types (e.g. dual fuel with dynamic control), water heaters, integrated heat pumps
· Resilience and infrastructure planning – electrification, electric vehicle charging strategies, weather (3-5 days) and climate (10-80 years) impact on building loads on critically-loaded feeders and substations.

Recommended publications:
· Project overview
· Ingraham, James A. and New, Joshua R. (2018). "Virtual EPB." Presented to Building Technologies Office following the BTO Peer Review, 87 slides. Arlington, VA, May 3, 2018. [PPT]
· Savings at utility-scale
· Bass, Brett, New, Joshua R., and Copeland, William (2020). "Potential Energy, Demand, Emissions, and Cost Savings Distributions for Buildings in a Utility's Service Area." Energies journal, Special Issue "Designing, Modeling and Optimizing Energy and Environmental Systems for Buildings," volume 14(1), issue 132, doi.org/10.3390/en14010132, Dec. 29, 2020. [Energies] [PDF] [OSTI]
· Data and algorithms
· New, Joshua R., Adams, Mark, Garrison, Eric, Bass, Brett and Guo, Tianjing. (2020). "Scaling Beyond Tax Assessor Data." ASHRAE/IBPSA-USA 2020 Building Performance Analysis Conference & SimBuild (BPACS), Chicago, IL, Sept. 29 - Oct. 1, 2020. [PDF] [PPT] [MP4]
· Smart-meter quality control
· Garrison, Eric and New, Joshua R. (2021). "Quality Control Methods for Advanced Metering Infrastructure Data." Smart Cities journal, Special Issue "Applied Artificial Intelligence in Energy Systems," volume 4(1), pages 195-203, doi.org/10.3390/smartcities4010012, Jan. 28, 2021. [SmartCities] [PDF]
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