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Buildings consume 40% of primary energy in the 
United States, and produce 39% of greenhouse gas 
emissions.

Building energy modeling can answer questions 
such as: 

• What is current energy use in the U.S. per building?

• Which building improvements will have the biggest impact?

– Smart water heater

– New HVAC system (heating, ventilation, and air conditioning)

– New windows

Building Energy Modeling (BEM)
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Automated Building Energy Modeling (AutoBEM)

Have: 125 million building footprints [1]

Goals of this work:

1. Generate building models

– OpenStudio

– EnergyPlus

2. Simulate building models

3. Publish models

Ran on THETA Supercomputer at Argonne 

[1] Microsoft building footprints, December 2020. 
https://www.microsoft.com/en-us/maps/building-footprints

Image credit: Argonne National Laboratory

https://www.microsoft.com/en-us/maps/building-footprints
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• Footprint

• Height

• Number of Floors

• Area

• Window-to-wall ratio

• Building Type

• Building Vintage

Required Building Information
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Data Preparation

• Direct Building Data

– 2D Footprint

– Height

– Year built

• Derived Building Data

– Number of floors

– Vintage

– Area

– Building type

– Climate zone
Deru, M, Field, K, Studer, D, Benne, K, Griffith, B, Torcellini, P, 
Liu, B, Halverson, M, Winiarski, D, Rosenberg, M, Yazdanian, M, 
Huang, J, and Crawley, D. 2011. "U.S. Department of Energy 
Commercial Reference Building Models of the National Building 
Stock". United States. https://doi.org/10.2172/1009264. 
https://www.osti.gov/servlets/purl/1009264.

https://doi.org/10.2172/1009264
https://www.osti.gov/servlets/purl/1009264
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Missing Data

• Missing height data imputed 
with median of nearest 20 
buildings

• Missing year-built data 
classified with Commercial 
Buildings Energy Consumption 
Survey (CBECS) distribution of 
building age
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Building Type

• Physical properties used to classify 
each building into bins

• Buildings further classified within bin 
using PNNL 2003-2006 distributions on 
commercial construction area

• Residential building percentages 
factored into weights using surveyed 
floorspace data per climate zone
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U.S. Census Regions
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Overall Workflow
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Checkpointing/Resubmission Strategy
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Results: Successful Buildings per Round
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Results by Submission Round
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Results by Region
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Preprocessing Results
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Submitted Job Sizes

3 3
7

8

18

14

4

80>3500

58.4%

<500

2.2%

1000-1499

5.1%

1500-1999

5.8%

2000-2499

13.1%

2500-2999

10.2%

3000-2499

2.9%



1616 Open slide master to edit

Job Completion

Missing

1.2%

Initial

90.0%

Rerun2

4.8%

Rerun1

3.9%

17

21

98Initial

71.5%

Rerun3

0.7%

Rerun2

12.4%

Rerun1

15.3%

Jobs submitted during each round Buildings completed during each round



1717 Open slide master to edit

Summary

• Generated and simulated ~124.4 million building energy 
models on THETA supercomputer at Argonne National Lab

– 10 days of walltime on Theta

– 752k node hours or 48 million core hours

• 64-core server: almost 86 years

• Average 8-core desktop 687 years

• Generated ~90TB of building related data

• Made 122.9 million models publicly available  bit.ly/AutoBEM

www.alcf.anl.gov

http://www.bit.ly/AutoBEM
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Future Work

• Detailed analysis of results

– What is current energy use in the U.S. per building?

– Which variables and other factors contribute to extremely long model generation 
and simulation times?

• Improvements on input data

– Better height information

• We now have the baseline data for building energy use. Now, focusing on 
evaluating building improvement options

– Which building improvements will have the biggest impact?

• Smart water heater

• New HVAC system (heating, ventilation, and air conditioning)

• New windows
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