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Strategic Research
ENERGY and INTERNET Networks
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Strategic Research
Control and Manage Load Factor Is The Key
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Strategic Research
Utility of the Future at the Customer Premise

CHP

WHR

TRI-GEN
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Energy and Buildings Overview

Commercial Site Energy

Consumption by End Use

Goal of the DOE Building Technologies Office:
30% energy reduction per sq. ft.

by 2030 compared to 2010 baseline

Office of Electricity vision:
Harness innovation for a stronger, more resilient and reliable North 
American energy system while maintaining energy independence.

Building Energy Modeling – building 
descriptions + weather = estimated 

building energy consumption

Grid-interactive Efficient Buildings (GEB)
Vision: integration and continuous 

optimization of DERs for the benefit of 
building owners, occupants, and the grid.

Transportation

27 quads

Commercial

18 quads
Industrial

31 quads

Residential

21 quads
40% Buildings

Buildings consume 73% of the nation’s electricity

80% of energy during peak hours

125 million buildings
$412 billion in 2019 

energy bills
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Technical overview

Benchmark Reduce Offset4. 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

• Sales/market leads

• Utility program 

formulation

• Rate structures

• Resilience

• Automated 

financing

• Business model 

evaluation

Demonstrate and stimulate GEB 

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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Overview – uses and building technologies
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Energy Conservation Measure: Insulate Roof, Seal space 

Adding insulation layer to the existing roof 

structures following the latest ASHRAE 90.1 

Appendix G guidelines. 

R-value: 16.12 (avg) to 28.57 (IECC-2012).

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.dea5.net%2Ftips-on-how-to-choose-the-best-local-insulation-

specialist%2F&psig=AOvVaw0jfTQxBkhHEpxCrh7FOIcU&ust=1591106479177000&source=images&cd=vfe&ved=0CAIQjRxqFwo

TCIjoptbj4OkCFQAAAAAdAAAAABB5

https://www.idi-insulation.com/wp-content/uploads/2018/08/Creating-a-Seal.png

Improve airtightness of the building envelope

(i.e. reduce the gaps at the doors and windows). 

Reduce by 25% (EnergyStar whole-house).
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Energy Conservation Measure: Adjust Thermostat Setpoint (4-8°F)

Buildings as thermal batteries

Pre-conditioning the space by 

4°F two hours before, or

8°F four hours before the peak 

demand hour.

https://gearmoose.com/wp-content/uploads/2019/05/nest-2-thermostat1.jpg



1111

Overview of Building Technologies (simulated in every building)

# Description Category Value Source

1 Insulate Roof Envelope R-16.12 to R-28.57 IECC-2012

2 Reduce Space Infiltration Envelope Reduce 25%

from vintage

EnergyStar whole-

house

3 Adjust Thermostat Setpoint (4F) HVAC 4°F 2 hrs prior to peak EPB

4 Smart Thermostat (8F) HVAC 8°F 4 hrs prior to peak EPB

5 Change Electric HVAC COP HVAC COP to 3.55 (heating) 

3.2 (cooling)

IECC-2012

6 Change Lighting Power Density Lighting LPD 0.85 W/ft2 IECC-2012

7 Change to Gas Water Heater Water Efficiency 80% 

(assumes electric)

IECC-2012

8 Change to Gas HVAC HVAC Efficiency 80% 

(assumes electric)

IECC-2012



1212

Data source and software overview
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Prototype Buildings – surveys for internal details
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ORNL at the forefront in Computing: #1 Jaguar, Titan, Summit

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

>500k building 
simulations 
in <1 hour

130M 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

ALCC Award
19M core-hours

June 2, 2020

OLCF’s Titan

ALCF’s Theta
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Capabilities – flexible digital twin for buildings

178,368 building models have been created and matched to EPB’s PremiseID

3+ million EnergyPlus building energy models using AutoBEM technology, Titan, cloud, and local 
servers to produce and analyze 15+ TB of simulation data.

1. Generate baseline building – 1.5-3h Amazon, 30h internal

2. Run ECM measures – OS Measure (30 mins AWS, 2h internal), Custom (1m AWS, 5m intl.)

3. Copy data to Titan – 1 min (1.2GB tar.gz)

4. Submit to Titan – 0-2 hours in queue

5. Simulation time – 30-45 mins (5mins/sim = 1.4 years to simulate EPB on 1 core)

6. Data transfer – 40 mins (160GB of tar.gz)

7. Uncompress – 10-15 mins

8. Reformat data – 20-30 mins (pickle)

9. Analysis – 5-10 mins (64-node AWS instance with solid state drives)

Time for creation, annual simulation, and analyzing “all” EPB buildings
6.5 hours (6.1h –36.5h) ; 3.7 ECMs for every building simulated in 28.3 mins!



Potential Demand Reduction via Smart Thermostats in a Simulated Utility

4°F pre-conditioning shows an average 13%

peak demand reduction across 178,368 

residential and commercial buildings.

8°F breakdown of quartiles by 

building type for each calendar 

month with medium offices and 

strip malls as high, but time-
sensitive, value deployments.

8°F breakdown of quartiles by 

vintage (age) for each 

calendar month shows slight 

increases with newer 
vintages.

8°F shows an average 22%, significant 

spread.
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Accuracy compared to real 15-minute data for each building

• Empirical Validation

– 15-minute whole-
building electric use for 
178,368 buildings

– More accurate than 
uncalibrated BEM 
created by a human1

• ½ error of the 
average manually-
created BEM when 
compared to 
measured data

1Garrison, Eric, New, Joshua R., and Adams, Mark (2019). "Accuracy of a Crude Approach to Urban Multi-Scale Building Energy Models Compared to 15-min 

Electricity Use." Best PhD Student Paper award. In Proceedings of the ASHRAE Winter Conference, Atlanta, GA, Jan. 12-16, 2019. [PDF] [PPT]

http://web.eecs.utk.edu/~new/publications/2019_ASHRAE_EPBmatch.pdf
http://web.eecs.utk.edu/~new/presentations/2019_ASHRAE_EPBmatch_presentation.pdf
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EPB: 178,368 building energy models

Validated against 15-minute electricity

(colored by modeled EUI)
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Data 

feeds to 

other 

EPB 

Systems

Monthly 

AutoBEM Data

• Premise Number

• Improvement Type

• Total Cost Savings ($)

• Monthly Costs Savings ($)

• Monthly Demand Svgs (KW)

~2.1M records per year, all 

bldgs

EPB System 

Attribute Data

• Premise Number

• Service Address

• Latitude/Longitude

• XFMR information (bank, 

structure, etc.)

• Circuit, Substation, 

Feeder

Join on Premise Number

Distribution 

System 

Capacity 

Planning

Customer Clustering & 

Demand Side 

Management Analytics

Data Visualization Tools

Load Factor summary



2020

AutoBEM data in action
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Map showing 
premises, sized 

by Demand 
Value

Chart showing 
monthly 

demand value

Use of filters 
create an 

interactive 
experience 
for business 

users, driving 
business 
decisions

AutoBEM data in action – EPB Dashboards
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House 1 House 2 House 3 Business 1 Business 2

AutoBEM data in action
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Subprogram manager for Software 
Tools & Models 
Building Technologies Research 
and Integration Center (BTRIC)
Oak Ridge National Laboratory

newjr@ornl.gov

HPC Tools for
Modeling and Simulation

Capturing building energy consumption


