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• Many useful building apps (FDD, controls) require data
• Finding data often requires cross-referencing between different 

representations of the same system

Disconnected Digital Models
Field

Controllers / PLC



SCADA Tags 
and BMS 
Point Labels

SDH.AH2A.SF_VFD:INPUT  REF 1
Control signal for the speed of the supply fan at the outlet of air 

handling unit 2A in the building SDH

• Availability and 
structure of 
information 
varies between 
buildings

• Example: 
BMS/SCADA 
tags for I/O 
points



Ending Bespoke Development

Lack of standardization, interoperability increases soft costs 
associated with developing and deploying data-driven solutions

Naming conventions and protocol “soup”



Brick: “Data Twin” for Buildings

Founded in 2016

Collaborators: NIST, NREL, 
PNNL, LBNL, UC San Diego, UC 
Berkeley, Carnegie Mellon

Consortium Members: Siemens, 
Schneider Electric, JCI, Carrier, 
Mapped, Clockworks Analytics, 
+ academic collaborators above

Backed by 501(c)(6) consortium

• Over 1000 different equipment, point, 
location (REC) classes

• Organized into an extensible hierarchy
• Static “entity properties” for nameplate 

characteristics
• Maps to 223P, RealEstateCore, Haystack
• Links to other representations

• BMS, BIM, Simulation, Timeseries
• Built on RDF, SHACL



Query Brick Model to Configure Applications

AHU Air Handling Unit (Equipment)

Outside Air Temperature (Sensor)OAT

Return Air Temperature (Sensor)RAT

Mixed Air Temperature (Sensor)MAT
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• Brick model contains points, 
equipment/assets

• Use RealEstateCore for 
architectural elements

• Late binding between 
application data sources and 
the specific I/O points in 
buildings



• “Best” model is relative to the 
applications’ needs

• Go “up” the stack
• More abstracted
• Easier queries, but less precision

• Go “down” the stack
• More detail, more formal
• Queries can be more precise, but 

may be harder to write
• Active research to automatically 

derive Haystack, Brick from 
223P

Supporting Building Apps with a Semantic “Stack”



Supporting Building Apps with a Semantic “Stack”
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Connecting Semantic Metadata with Simulations

• Challenge: control testbed does not facilitate deployment of these 
algorithms in actual buildings 

• Solution: layer virtual building 
network over the I/O points of 
simulation

• Use Brick (semantic metadata) to 
provide context over the simulation

• End result is an implementation-
agnostic representation of building 
with realistic behavior



SeeQ: New Programming Model for Building Analytics
• Write Python applications against 

concepts defined by metadata ontology
• SeeQ “compiles” the Python code 

against the metadata model for each 
building

• Generates building-specific impl.
• Demonstrated on FDD rules
• Step towards fully portable applications



Playground: Untrusted Building Applications
• Research OS for executing untrusted building applications in a multi-

tenant environment
• Uses Brick models to grant access to resources using principle of least privilege
• Provides resource isolation on critical building resources (total energy, peak 

power, etc)



BuildingMOTIF: SDK to Support Semantic Metadata 

• US Dept of Energy Building Technologies Office project, NREL led
• Use semantic metadata as “lingua franca” connecting existing tools for simulation, 

modeling, controls, AFDD, BIM, M&V, data science
• Libraries of templates and shapes for common systems and applications



BuildingMOTIF: Create and Validate Metadata

• Incorporate formal use case requirements into iterative workflow
• Ensure that delivered metadata model fulfills all use cases
• Automate / simplify authoring of models through templates, imports from other sources
• Current work: provide economic transparency on ROI for smart analytics



Resources
• Brick ontology:

• https://brickschema.org 
• http://github.com/BrickSchema/Brick 

• BuildingMOTIF SDK 
• https://nrel.github.io/BuildingMOTIF 
• https://github.com/NREL/BuildingMOTIF 

• Papers, code, talks, tools:
• https://gtf.fyi 

• Everything is open-source under BSD 3-
clause of similarly-permissible license

Shape Docs: ontology.brickschema.org

github.com/BrickSchema/Brick

https://brickschema.org/
http://github.com/BrickSchema/Brick
https://nrel.github.io/BuildingMOTIF
https://github.com/NREL/BuildingMOTIF
https://home.gtf.fyi/
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