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Learning Objectives

• - Attendees will be able to conceptualize how the ASHRAE 223P, Brick, 
Haystack, and RealEstateCore ontologies can cooperatively model a 
building to support diverse use cases

• - Attendees will gain basic familiarity with NREL's BuildingMOTIF tool 
and learn how to use BuildingMOTIF to create a metadata model 
using 223P

• - Attendees learn how to use BuildingMOTIF to validate a semantic 
metadata model against a set of representative use cases



Semantic Metadata Models for Buildings

ASHRAE 223PHaystack

● Uses tags to flexibly 

describe data/assets

● Lacks consistency between 

implementations

● Meaning requires human 

interpretation

Brick and 
RealEstateCore (Rec)

• Explicit and formal descriptions 
of assets

• Expressive relationships
• Extensible and comprehensive

• Hundreds of classes

• Not standardized

• Fully elaborated connection topologies
• Cross-subsystem and inter-domain 

models:
• Electrical, mechanical, plumbing, …

• Emphasizes precision to enable 
semantic interop

• Harder to extend due to standards 
process
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Metadata Models can be Complementary

• Key idea is to model a building at multiple levels of abstraction
• Reach for as much detail as you need to get the job done

• ASHRAE 223P
• Detailed and precise
• → larger models and more complex queries

• Brick and RealEstateCore
• Lean on common understandings and nomenclature
• → less precise, but easier to query

• Project Haystack
• Simple tag/document-based data model
• → simpler query + API, but not as expressive



Complementary Metadata Designs

• 223P models the fundamental 
components of a building

• Brick/REC provide human-facing 
application-centric vocabulary
• Programmatically generated from 223P

• Haystack provides one possible high-
level abstraction over RDF / graph 
models
• Programmatically generated from 
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Building Metadata Abstraction
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VAV w/ Reheat: 223P

VAV w/ Reheat
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• Directionality, substance, properties propagated through process flows

• Equipment composition, explicit sensor observation relationships

• Some details removed for ease of visualization
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VAV w/ Reheat: 223P → Brick/REC

VAV w/ Reheat
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• Brick model captures composition, flow, relationship to BMS points

– Simplification of the 223P model with more specific names

• Brick model is programmatically generated from the 223P model

– Uses SHACL to infer types, add necessary relationships
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VAV w/ Reheat: 223P → Brick/REC → Haystack
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• Application of SHACL rules adds Haystack tags to Brick entities

– Rules constructed automatically from Xeto type definitions

– Adds ref tags and (soon!) value tags 

• Haystack import formats (e.g. JSON) generated from the augmented RDF model
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DOE/NREL Open-Source Tool: BuildingMOTIF

MOTIF = Metadata OnTology Interoperability Framework



How to Work With Semantic Metadata Models

• Creating a semantic metadata model of a building
• Hide complexity of working with RDF models

• Help to direct/prioritize human effort

• Validating a semantic metadata model of a building
• Ensure model contains correct / enough metadata to configure controls, FDD 

rules, digital twins, …

• Two parts of a larger workflow



Shapes: Formalizing Application Metadata Requirements

• Come in many different 
forms…

• At right: point lists from 
ASHRAE Guideline 36

• SOO for high-perf forced-
air systems

• How to ensure 223P, Brick, 
REC, etc model contains 
the right metadata?



• Shape: set of constraints, requirements, conditions on parts of the graph

• Function returns T/F when evaluated on a graph
• Plus some information about ”what went wrong”

• Defined using W3C SHACL standard

Shapes: Formalizing Application Metadata Requirements



• Template: function that generates a graph

• Simplifies RDF graph creation 
• Tabular input: web forms! Spreadsheets!

• Easier to integrate (pull from BACnet, etc)

Templates: Simplifying Model Creation



Quick Demonstration

1. Use BuildingMOTIF to create a 223P model for a simple HVAC 
system:
• 1 Makeup Air Unit feeding 1 VAV with reheat

• Include the VAV hot water coil

• Include all the filters, fans, coils, etc in the MAU

• Without touching any RDF!

2. Use BuildingMOTIF to ensure the model contains sufficient 
metadata to support a Guideline 36 sequence









A bit like looking at “machine 
code”…

New visualization tools will 
simplify this and make it easier to 
parse visually





• Incorporate formal use case requirements into iterative workflow

• Ensure that delivered metadata model fulfills all use cases

• Automate / simplify authoring through templates, imports from other sources

BuildingMOTIF Model Create/Validate Workflow



BuildingMOTIF generates automatic
“repairs” for the model
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End-to-end: BuildingMOTIF-enabled RDF to Haystack

Evaluate 
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End-to-end: BuildingMOTIF-enabled Haystack to RDF
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Open Source Code!

• BuildingMOTIF is open source (and in pre-alpha)
• https://github.com/NREL/BuildingMOTIF 

• Released under permissive BSD 3 Clause license

• Tutorials, notebooks, demo web interface

• Support for Brick, 223P, RealEstateCore and Haystack underway

• Check out other tools on https://open223.info 

https://github.com/NREL/BuildingMOTIF
https://open223.info/


Thanks!

• Questions, feedback, comments?
• https://home.gtf.fyi 

• gtfierro@mines.edu 

https://home.gtf.fyi/
mailto:gtfierro@mines.edu
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