
ORNL is managed by UT-Battelle LLC for the US Department of Energy

Artificial Intelligence: AI-facilitated Building Design

Presenters:
ORNL – Brett Bass, Ph.D. and Joshua New, Ph.D., C.E.M., PMP, CMVP, CSM, IREE

SmithGroup – Peter McNally, Stet Sanborn

Computational Design Detroit (co.de.D) and Turing School of Software & Design –
Leland Curtis



22 Open slide master to edit

U.S. Energy and Buildings Overview

Goal of DOE’s Building Technologies Office:
30% EUI reduction

by 2030 compared to 2010 baseline

Building Energy Modeling
building descriptions + weather = estimated building
energy consumption, demand, emissions, equity, …

Transport

27 quads

Commercial

18 quads
Industrial

31 quads

Residential

21 quads
40% energy 

use
39% emissions

125 million buildings

~$400 billion
in energy bills

73% of electricity use
80% of peak demand
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5-year vision

Benchmark Reduce Offset

4. Establish partnerships and APIs 

for scalable data retrieval

5. Algorithms to extract 

building properties

7. Make models 

freely available online

Use cases:

• Simulation-informed analysis

• Utility program formulation (utility)

• Business model evaluation (ESCO)

• City-scale emissions (cities)

• Sales/marketing leads (local jobs)

• New building design (AEC firms)

• Resilience (government, insurance)

• Automated financing (PACE, banks)

Demonstrate and stimulate 

opportunities toward a

sustainable built environment

2. Time on world’s #1 fastest high-

performance machines

6. Create OpenStudio & 

EnergyPlus models

 Small 
Office 

Outpatien
t 

Large Office Medium Office Hospital Warehous
e 

Small Hotel Large 
hotel 

Inputs 458 3483 1072 760 1955 333 1823 887 

 Strip 
Mal l  

Retai l  Quick Service 
Restaurant 

Ful l  Service 
Restaurant 

Mid Rise 
Apt 

High Rise 
Apt 

Secondary 
School  

Primary 
School  

Inputs 800 438 281 286 1464 4617 1621 1051 

 

1. Quantitatively rank most important 

building inputs

3. Identify and compare data 

sources for important inputs
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CPU
Cores

Wall-clock 
Time 

(mm:ss)

Data 
Size

EnergyPlus
Simulations

16 18:14 5 GB 64

32 18:19 11 GB 128

64 18:34 22 GB 256

128 18:22 44 GB 512

256 20:30 88 GB 1,024

16,384 26:11 5.6 TB 65,536

32,768 31:29 11.5 TB 131,072

65,536 44:52 23 TB 262,144

131,072 68:08 45 TB 524,288

Theta is the 
world’s fastest 

buildings energy 
model (BEM) 

simulator

Use over 80% of 
the HPC resource

125M US buildings 
could be simulated 

in 2 weeks

8M simulations of 
DOE prototypes 

(270 TB)

CPU
Cores

Wall-clock 
Time 

(mm:ss)

Data 
Size

EnergyPlus
Simulations

57,344 20:44 440 GB 229,376

114,688 28:20 880 GB 458,752

1,068,813 bldgs/hr
6 utilities/hour

Titan supercomputer

Theta supercomputer

Building simulation at scale

Simulation Engine and Analysis Platform

U.S. Dept. of Energy
$100+M, 1995–?

OpenStudio

Free, open-source (GitHub), community support

100 – 2,000 improvements per building

45 million core-hours (2021) and

51 million core-hours (2022) on

Argonne’s Theta supercomputer
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Nation-scale…

• Free model of every U.S. building (bit.ly/ModelAmerica)

– OpenStudio (v3.1.0) and EnergyPlus (v9.4)

– State_county.zip (requires free Globus Connect Personal)

– New, Joshua R., Adams, Mark, Bass, Brett, Berres, Anne, and Clinton, Nicholas (2021). “Model America 
– data and models of every U.S. building.” ORNL Constellation, https://doi.ccs.ornl.gov/ui/doi/339, 
April 14, 2021.

• 125,714,640 buildings, 124,178,694 simulated,
122,930,327 (97.8%) shared

• Dynamic archetypes of models and floor area multipliers for any 
geographical region

• Automatic Building Energy Modeling (AutoBEM) software

– Related publications: bit.ly/AutoBEM

https://bit.ly/ModelAmerica
https://www.globus.org/globus-connect-personal
https://doi.ccs.ornl.gov/ui/doi/339
https://bit.ly/AutoBEM
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Design Pace
Project Information
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The Problem With Performance Analysis

Proposed:

Current:
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Design Space Exploration
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Design Space Exploration
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Universal Design Space Exploration

Pre-simulated analysis that encapsulates a common problem
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UDSE: Assign Inputs => Explore Outputs

Output Metric

+
_

Variable Parameter
+
_

Filtering Parameter

Generalized Parameter
+
_

Building Type, Climate Zone

Window Area, Floor-Floor Height

HVAC Quality (Baseline, Good, Great)

pEUI
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UDSE: Assign Outputs => Explore Input Ranges

Output Metric

+
_

Variable Parameter
+
_

Filtering Parameter

Generalized Parameter
+
_

Building Type, Climate Zone

Window Area, Floor-Floor Height

HVAC Quality (Baseline, Good, Great)

pEUI
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Universal Design Space Exploration Workflow
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Universal Design Space Exploration Workflow



1818 Open slide master to edit

Parametric Sampling
Sampling parameter Inputs Sampling parameter Inputs

Program type

Higher education

Plate depth
Low

Lab - high intensity Typical

Office High

Hospital

Floor-to-floor height
Low

Healthcare - outpatient Typical

Residential (Apartments) High

Climate zone

1A

Solar design
Bad

1B Typical

2A Good

2B Average window-to-wall 

ratio

0.25

3A 0.4

3B 0.7

3C

Envelope quality
Baseline

4A High

4B Ultra

4C
Construction type

Common

5A Less Common

5B

Lighting power density
Baseline

5C Better

6A Best

6B

HVAC system

Baseline

7A Good

7B Great

Total square footage
Low Ultra

Typical
Set points

Baseline

High Expanded

Target floor area
Low

Typical

High
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SmithGroup Projects
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ORNL Resources

• AutoBEM (Automatic Building 
Energy Modeling)

– Uses building properties as 
inputs to generate building 
energy models

– EnergyPlus/OpenStudio

• Access to Supercomputing 
Resources

Clark County (Las Vegas) Modeling Example
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Digital Twin: Energy, Demand, Emissions, $ Savings

EPB: 178,368 building energy models

Validated against 15-minute electricity

(colored by modeled energy/ft2)
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Scalable Computing

• Models typically take days to develop

• AutoBEM allows for massive scalability

– AutoBEM can be used by a single person to develop 
and simulate 200k models in less than a day

– Modeler rate of $150/hr

– 2 days for basic model (16 hours)

– $480 million dollars and 365.3 years for this modeler 
to develop 200k basic models

Modeling Quality Typical Model Development Time

Basic 2 Days

Functional 1 Week

Detailed 2 Weeks
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AutoBEM Workflow

• Create input table from parametric 
sampling matrix

• Generate building energy models using 
AutoBEM

– Building geometry, building type, HVAC 
type, etc.

• Fine tune models for more specific 
changes

– Lighting, HVAC COP, etc.

• Simulate models using HPC resources
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Data Exploration
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Data Hosting

UDSE Kaggle

https://www.kaggle.com/petermcnallysg/universal-design-space-building-energy-simulation/metadata


2626 Open slide master to edit

Artificial Intelligence

• AI can be used as surrogate for 
EnergyPlus simulations

– Don’t need every point of design 
space

• Use input variables (building type, 
area, height, etc.) to predict 
building energy usage

• Several algorithms evaluated

– Linear Regression

– Neural Network

– Random Forest

Random Forest

https://www.tibco.com/reference-center/what-is-a-random-forest
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Prototype App: Single Design
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Prototype App: Design Space Exploration
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Prototype App: Real-time Analytics
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Prototype App: Real-time Analytics
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Questions?


