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Learning Objectives

Learning Objectives:

1. Describe what new standards enable and why this is so important for the future of the built
environment.

2. Learn about practical examples of the implementation of these standards in real buildings.

Understand how new open-source tools can facilitate the adoption of these new standards
in existing buildings.
4. Explore opportunities to use these standards in your products, services or workflows.

ASHRAE is a Registered Provider with the American Institute of Architects Continuing Education Systems. Credit earned on completion of this program
will be reported to ASHRAE Records for AIA members. Certificates of Completion for non-AlA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA or any material of construction or any method or manner of handling, using, distributing, or
dealing in any material or product. Questions related to specific materials, methods, and services will be addressed at the conclusion of this presentation.
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Outline

» Challenges in brownfield deployment

« Brownfield metadata sources

« 223P model prototyping with point labels

« 223P model validation for application configuration
e Conclusions



Overview

« Our goal is to automatically create useful and valid 223P models which
support applications like 231P control sequences

« (Semi-)Automatically: minimizing manual data entry and configuration
« Useful: the 223P model contains enough metadata to support applications

 Valid: the model is a faithful and accurate representation of the building
and its assets

* How?
« Use point labels and point/equip schedules
* Produce 223P models and shapes



Overview
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Point Labels

» Use the structure of point
labels to extract building
metadata

» Define the naming
convention using simple
code

e Extracts entities and their
223P types from each label

Naming Convention
I Building .AH'J equip eq_u1p point
type id type

label

:BuildingName_02:FCU503_ChwVIvPos

:BuildingName_01:FCU336_OccHtgSptFnl

:BuildingName_02:FCU510_EffOcc

:BuildingName_02:FCU507_UnoccHtgSpt

:BuildingName_02:FCU415_UnoccHtgSpt

:BuildingName_01:FCU203_OccClgSpt

:BuildingName_02:FCU521_UO11_HwVIvOut

:BuildingName_01:FCU365_UnoccHtgSptFnl

:BuildingName_02:FCU529_UnoccHtgSpt




Point Labels

» Use the structure of point
labels to extract building
metadata

» Define the naming
convention using simple
code

e Extracts entities and their
223P types from each label

« “Entity ”: an instance of some 223P-
defined class

Naming Convention

sequence (

Building

equip
type

string(":", Delimiter),

#### Building

constant(Constant (BRICK.Building)),
regex(r"[*_J]+", Identifier),
string("_", Delimiter),

#### AHU
constant(Constant(S223.AirHandlingUnit)),
regex(r"[0-9a-zA-Z1+", Identifier),
string(":", Delimiter),

#### equipment type and identifier
equip_abbreviations,
regex(r"[0-9a-zA-Z]1+", Identifier),

. string("_", Delimiter),

#### point types
point_abbreviations,



Point Labels

sequence(
. string(":", Delimiter),

# Building Naming convention - 20¢!
constant(Constant(BRICK.Building)), g

Building| . ( ufs J4v, Identifier), parses labels :BuildingName_02:FCU503_ChwVIvPos

. string("_", Delimiter),
#H### AHU
constant(Constant(S223.AirHandlingUnit)), :BuildingName_02:FCU510_EffOcc
regex(r"[0-9a-zA-Z]1+", Identifier),
. string(":", Delimiter),

#### equipment type and identifier

:BuildingName_01:FCU336_OccHtgSptFnl

AHU id

Outputs entities

equip equip | eduip_abbreviations, with 223P classes
type id regex(r"[0-9a-zA-Z]+", Identifier),
{2 string(*_", Delimiter), o s AHU equip | equi oint
- #### point types . BUlldlng . . q p q. p p
point | = - id type id type
type point_abbreviations, — Ch-il-led
) » |BuildingName M2 | : FCU 503 Water Valve
- - Position
Occupied
» |BuildingName 01 |: FCU 336 Heating
- - Setpoint
Effective
. |BuildingName ®2 | : FCU 510 Occupancy
- - Status
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Generating 223P Models with Point Labels

 Next, combine entities into a 223P model

* Two ways to build the model:

lass s223 Equipment extends s223 Connectable

s223 actuatedByProperty s223 ActuatableProperty;
s223 connectedFrom ()
s223 connectedTo ()

s223 contains ( s223 Equipment | s223 Junction )

s223 executes s223 Function;
s223 hasPhysicalLocation s223 PhysicalSpace;
s223 hasRole s223 EnumerationKind-Role;

Use 223P ontology definitions to
suggest relationships

s223:Coo0
lingCoil

____________

s223:Valve

____________

| 1 .. 1
—i <valve id> :—bi Position !

____________

____________

s223:Air
Handling
Unit

____________

____________

s223:Fan
Coilunit

' Property ,

il L

quantitykind:
Dimensionless
Ratio

s223:Quantifiable
Observable
Property

Use templates of common
system configurations




Generating 223P Models with Point Labels

0 s AHU equip | equip point $223:Quantifiable
Bu:l.ldlng . . Observable :BuildingName 02:FCU510 ChwV1vPos
id type id type Property
. . Chilled
: |BuildingName 02 | : FCU 503 Water Valve /
- - Position
Occupied itykind: FCU510- FCU510-
. . . - . quantitykind:
" BUIldlngName —_ 01 " FCU 336 - sHeetaptolinngt Dimensionless coil- < coil- s223:Valve
Rati -
Effective licl© valve-pos valve
» |BuildingName O2 |: FCU 510 Occupancy A
- - Status
223:C FCU510- 223:F
. S¢ o0 : < FCU510 Seco:fal
Find and apply lingCoil coil CoilUnit
A
templates
| s223:Air
1 AHUO2 Handling
pommmmmmm ' - Unit
: : S223:Air
| <AHU id> — Handling Generate
! : Unit v
l 223P MOdeI s223:Coo FCU503- s223:Fan
R ) P ) . . . < FCU503 . .
| . 1 i 1 lingCoil coil CoilUnit
s223:Coo 1 <coil ' <FCU id> | s223:Fan
lingCoil : id> ! ! ! CoilUnit
l____l____a e - ¥ "
S ) T Valve | ] FCU503- FCU503- quantitykind:
| quantitykin H . . _ - - _ g g
s223:Valve —— <valve id> :——»: Position ——— Dimensionless B2 valye coil g coil Dlmens:Lc‘mless
i : i Property | Ratio valve valve-pos Ratio
s223:Quantifiable
Observable s223:Quantifiable
|| Property :BuildingName 02:FCU503 ChwV1vPos Observable
11 L Property
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Generating 223P Models with Point Labels

Building

. |BuildingName

AHU

02 |:

equip

FCU

equip

503

point

Chilled
Water Valve
Position

: |BuildingName

. |BuildingName

01 | :

02 |:

FCU

FCU

336

510

Occupied
Heating
Setpoint

Effective
Occupancy
- Status

Find and apply

templates
1
]
Foo==77777 1 5
: : §223:Air
' <AHU id>{—————-Hand1ing
S ) Unit
[ 1 I'____l_____l
| ] | |
s223:Coo 1 <coil I L ! s223:Fan
lingCoil| | dd> [¥ j<FCU dd>y Coilunit
| [ a | SN a
I_____l_____l _________ I
: : ' Valve : quantitykind:
s223:Valve — <valve id> —® Position ——— Dimensionless
i I | Property Ratio

s223:Quantifiable
Observable
Property

Generate
223P Model

s223:Quantifiable
Observable :BuildingName 02:FCU510 ChwV1vPos
Property
quantitykind: FCU510- FCU510-
Dimensionless coil- < coil- s223:Valve
Ratio valve-pos valve
A
s223:Coo0 FCU510- s223:Fan
\ , . < FCU510 , .
lingCoil coil CoilUnit
A
s223:Air
AHUO2 Handling
Unit
v
s223:Coo FCU503- s223:Fan
) , . < FCU503 . .
lingCoil coil CoilUnit
v
FCU503- FCU503- quantitykind:
s223:Valve coil- coil- Dimensionless
valve valve-pos Ratio

:BuildingName 02:FCU503 ChwV1vPos

s223:Quantifiable
Observable
Property




Point and Equipment Schedules

[ 10 POINTS
. DIE S0 R TN !
* How to verify the model? —— T i“_ - *D]m
Retorn Air Temg/RH q
. . Cocling Col o Tamp ry
» Point schedules define et col o femg E Schedule
which types of points to T —— 1
expect on which kinds of supghy {20 trg status [ 1
eqUIpment Filer shaliis | i
* Equipment schedules define | ‘
how many of each equipment Iimna' Units must have:
we should see in the model - Return Air Temperature Sensor

- Return Air Relative Humidity Sensor
- Room Air Temperature Sensor

» Convert schedules to shapes Eér'tsl_ -
. . - Coolin Ol
for validating the model - Heating Coil

- Filter

Shape
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Using Shapes to Validate a Model

s223:Quantifiable

Terminal Units must have:
Points

- Return Air Temperature Sensor

- Return Air Relative Humidity Sensor
- Room Air Temperature Sensor
Parts

- Cooling Caoll

- Heating Caoll

- Filter

Schedule-derived
shapes

-

V§|Ii_(ljgﬁl(;n Shapes validate
— Process 223P model content

-

Observable :BuildingName 02:FCU510 ChwVI1vPos
Property
quantitykind: FCU510- FCU510-
Dimensionless coil- < coil- s223:Valve
Ratio valve-pos valve
A
s223:Coo FCU510- s223:Fan
. . . FCU510 . .
lingCoil coil 01l1Unit
s223:Air
AHUO2 Handling
Unit
s223:Coo FCU503-
. ) . FCU503 . .
lingCoil coil CoilUnit
A
FCU503- FCU503- quantitykind:
s223:Valve coil- > coil- Dimensionless
valve valve-pos Ratio
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:BuildingName 02:FCU503 ChwVIivPos

FCU503

Passes Validation

s223:Quantifiable
Observable
Property

FCU510

Validation
Report




Using Validation to Fix a Model

From validation process To validation process

- 5B

FCU503 |Passes Validation

:BuildingName 02:FCU510 ReturnTemp

Validation
A
FCUS10 Rep Ort §223:Quantifiable FCU510- MOdel
Observable ret-air-
Property temp P at C h
A
titykind: .
g?;z;gj{;Zigss FCU510 ziiiUiji
A

Possible fixes
—> Extend point label naming convention script

—> Re-scan network for more points

— [EXxtract metadata from BIM

. —> Prompt user for specific inputs



Putting It All Together

/ HEC]S-

Stakeholder .
Input b sSerCl
P \_‘ Use Case % W' . m

@7 Regulatory BIM
7 Requirements ¢ BMS NEt\jﬂrk ‘ S;a/lieholders
Model Model repair

validation

Report
Template
ﬁ Library

f If report OK, model is finished

Metadata
Mcdel

Model storage

Re-validate model |

Combining both model generation/repair and model validation
. Into an iterative workflow



Open-Source Tool

U NAEL [ BulSingMOTIF  na

Cote O o B 1 Ao & O Onteavons D Acsom Bl wects ¢ O Secwty T L2 mege  § Semegs

* BuildingMOTIF software development kit
 Available on GitHub under NREL organization
» Released under permissive BSD 3 Clause license - Tl

. . Application-Driven Creation of Building Metadata Models with
« Tutorials, notebooks, demo web interface Semantic Sufficienty
. Gabe Fierro Avijit Saha Tobias Shapinsky
rrogdmunes.edu Avga Saha@neel gov Tobaas Shapinskygnrel gov
e S rts Brick, 223P and Haystack i ‘ S
upports Brick, and soon Haystac L. SN, DR
Laboestory Golden, Coloeado, USA. Golden, Colorado, USA
. . . » » [l Gelden, Colorado, USA
« Simplifies building metadata-driven software
DOE Tools Industry Platforms Re searc h pa p ers
: 7 Enabled
cLockworks 4
Use Case
BAS Data - = " ABSTRACT
< BAChe & Applications Sernanesc metadata models such 4 B A eiag s Mant
PP Haystack, and BOT promise to simplify and bower the cont of de- W AR 90 «Babliag Motdanh Madeks
veloping software for smart buddings. ensbling the widesprosd ::_"l““"h Ln""r il :‘“"’:(f_:‘: =z w“““:’:':‘;;
S . m"‘“’"‘" efficiency ‘?:;'mmm::: T2) Nevewdar 9- 10 202, Bowwn, MA, USA. ACM, New York, NY, USA,
BEM-Controls ynergles Validated ‘NMfMﬁb'ndw!‘dvlmmmnhhwm 15 pagen. hipe. ot ong/ 10, 11403545557 3544083
Wi el Metadata = OLIIOQ
M del BuildingMOTIF
o Output ° Pocumenaton BuildingMOTIF
-] ’ - BuildingMOTIF =
BIM-MEP U | | A codecov | 73% domnioads | 17fmen
;! - M OTI F o - Reference
. ’ — Developer Documentation Enabling the enabling of semantic ir
Iﬂl@ \ e EU:’“EM e ;ru:\ . Semantic Interoperability in buildings through standardized semantic metadata is crucial in unlocking the
Existing Model _ _ _ e ‘ \
o Reference implementations and standardized W Project Haystack T Onli d d
_ . Model Creation n I ne OCS a n
Lo processes and workflows for semantic ol Valaton :
information creation and validation through e tutoria I S
Template Writing o
Use Case easy-to-use open-source DOE/NREL tool s implement for fed practitoners wihout sdvances kno :
LELTH ts and ’ ice,
17 E::eul:i?::;i‘nnasn http S / / gith u b com / N R E L / B ui Idi n g M OTl F CSV Import oor:::r’\ogg: toolset for building metadata creation, storage, visualization, and validation. It \swnff::'e‘:\a: :I‘\c: f:;n
: : BACnet to Brick of a SDK with easy-to-use abstract the underlying com) ities of RDF graphs, database

management. SHACL validaf teroperability between different metadata schemasfontologies. It also



Conclusion

Shapes are specifications of model requirements
» Point and equipment schedules are useful for building the model
« 231P control sequences can be packaged as shapes

« Shapes ensure models have enough information to configure applications like FDD and
control sequences

Open-source tools can build 223P models by parsing point labels
» Other sources of metadata input are available
» Spreadsheets, web forms, etc
« Create your own tools on top!

Validation ensure that 223P models contain correct and sufficient information
» Use this to (semi-)automatically configure 231P sequences, FDD, etc

These efforts get better with data! Reach out to us if you have point labels to
donate
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Questions

Dr. Gabe Fierro
gtfierro@mines.edu
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