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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Smart Machine-to-Machine
communications (SmartM2M).

The present document is part 3 of a multi-part deliverable covering SmartM2M; Extension to SAREF, asidentified
below:

Part 1:  "Energy Domain";

Part 2. "Environment Domain";

Part 3: " Building Domain";

Part4:  "Smart CitiesDomain";

Part5:  "Industry and Manufacturing Domains';

Part 6:  "Smart Agriculture and Food Chain Domain®;
Part 7. "Automotive Domain";

Part 8:  "eHealth/Ageing-well Domain";

Part9:  "Wearables Domain®;

Part 10: "Water Domain".

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document presents the SAREF extension for the building domain, based on the ISO 16739 [i.2]
standard (IFC).

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI TS103 264 (V3.1.1) (02-2020): "SmartM2M; Smart Applications; Reference Ontology and
oneM2M Mapping".

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI TR 103 411: "SmartM2M; Smart Appliances; SAREF extension investigation”.

[i.2] SO 16739:2013: "Industry Foundation Classes (IFC) for data sharing in the construction and
facility management industries’.

NOTE: Available at http://www.iso.org/iso/catalogue detail.htm?csnumber=51622.

[i.3] Industry Foundation Classes (IFC) - Version 4 - Addendum 1. buildingSMART.
NOTE: Awvailable at https://standards.buildingsmart.org/| FC/REL EASE/IFC4/ADD1/HTML/.

[i.4] Villazén-Terrazas, B. Method for Reusing and Re-engineering Non-ontological Resources for
Building. Ph.D. Dissertation. Universidad Politécnica de Madrid. 2011.

NOTE: Available at http://oa.upm.es/6338/.
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3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:

ontology: formal specification of a conceptualization, used to explicit capture the semantics of a certain reality

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

HTML Hyper Text Markup Language

IFC Industry Foundation Classes

SO International Standardization Organisation
OwWL Web Ontology Language

OWL-DL Web Ontology Language Description Logic
PROV-O The PROV Ontology RDF Resource Description Format
SAREF Smart Applications REFerence ontology
TR Technical Report

TS Technical Specification

URI Uniform Resource Identifier

W3C World Wide Web Consortium

WGS84 World Geodetic System 1984

4 SAREF4BLDG ontology and semantics

4.1 Introduction

The present document is atechnical specification of SAREFABLDG, an extension of the SAREF ontology [1] that was
created based on the Industry Foundation Classes (IFC) standard for building information. It should be noted that not
the whole standard has been transformed since it exceeds the scope of this extension, which islimited to devices and
appliances within the building domain.

The IFC specification is developed and maintained by buildingSMART International asits "Data standard" and, since
itsversion IFC4, it is published as the 1SO 16739 [i.2] standard. SAREF4BLDG is meant to enable the (currently
missing) interoperability among various actors (architects, engineers, consultants, contractors, and product component
manufacturers, among others) and applications managing building information involved in the different phases of the
building life cycle (Planning and Design, Construction, Commissioning, Operation,
Retrofitting/Refurbishment/Reconfiguration, and Demolition/Recycling). By using SAREFABLDG, smart appliances
from manufacturers that support the IFC data model will easily communicate with each other. Towards thisaim,
SAREF4BLDG should be used to annotate (or generate) neutral device descriptions to be shared among various
stakeholders.

SAREF4BLDG isan OWL-DL ontology that extends SAREF with 72 classes (67 defined in SAREF4EBLDG and

5 reused from the SAREF and geo ontologies), 179 object properties (177 defined in SAREFAEBLDG and 2 reused
from the SAREF and geo ontologies), and 83 data type properties (82 defined in SAREFAEBLDG and 1 reused from
the SAREF ontology).

SAREF4BLDG focuses on extending the SAREF ontology to include those devices defined by the IFC version 4 -
Addendum 1 [i.3] and to enable the representation of such devices and other physical objectsin building spaces.

ETSI
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The prefixes and namespaces used in SAREF4BLDG and along the present document are listed in Table 1.

Table 1: Prefixes and namespaces used within the SAREF4BLDG ontology

Prefix Namespace
base (s4bldg) https://saref.etsi.org/saref4bldg/
saref https://saref.etsi.org/core/
geo http://www.w3.0rg/2003/01/geo/wgs84 pos
owl http://www.w3.0rg/2002/07/owl
prov http://www.w3.org/ns/prov
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns
rdfs http://www.w3.0rg/2000/01/rdf-schema
xsd http://www.w3.0rg/2001/XMLSchema

4.2 SAREF4BLDG

4.2.1 General overview

Figure 1 presents an overview of the classes (only the top levels of the hierarchy) and the properties included in the
SAREF4BLDG extension. Asit can be observed the classes s4bl dg: Bui | di ng, s4bl dg: Bui | di ngSpace and
s4bl dg: Physi cal Cbj ect have been declared as subclasses of the classgeo: Spat i al Thi ng in order to reuse
the conceptualization for locations already proposed by the geo ontology. The modelling of building objects and
building spaces has been adapted from the SAREF ontology; in this sense, the new classes deprecate the

saref: Bui | di ngObj ect andsar ef : Bui | di ngSpace classes. In addition, a new class has been created, the
s4bl dg: Bui | di ng class, to represent buildings.

The conceptss4bl dg: Bui | di ng and s4bl dg: Bui | di ngSpace arerelated to each other by means of the
propertiess4bl dg: hasSpace and s4bl dg: i sSpaceO ; such properties are defined as inverse properties among
them. These properties might also be used to declare that as4bl dg: Bui | di ngSpace has other spaces belonging to
theclasss4bl dg: Bui | di ngSpace.

The relationship between building spaces and devices and building objects has also been transferred and generalized
from the SAREF ontology. In thisregard, as4bl dg: Bui | di ngSpace can contain (represented by the property
s4bl dg: cont ai ns) individuals belonging to the classs4bl dg: Physi cal Obj ect . This generalization has been
implemented in order to support building spaces to contain both building objects and devices. Accordingly, the classes
s4bl dg: Bui | di ngObj ect and saref: Devi ce aredeclared as subclasses of s4bl dg: Physi cal Obj ect .

Finally, the class representing building devices, namely s4bl dg: Bui | di ngDevi ce, is defined as a subclass of both
sar ef : Devi ce and s4bl dg: Bui | di ngQbj ect . Thisclassisacandidate for replacing the
sar ef : Bui | di ngRel at ed class.
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Figure 1: General overview of the top levels of the SAREF4BLDG extension
Table 2 summarizes the restrictions that characterize as4bl dg: Bui | di ng.

Table 2: Restrictions of the s4bldg:Building class

Property Definition
geo:location only geo:SpatialThing The location of a building is represented only by instances
of geo:SpatialThing.
s4bldg:hasSpace only s4bldg:BuildingSpace A building has spaces represented only by instances of
s4bldg:BuildingSpace.

Table 3 summarizes the restrictions that characterize as4bl dg: Bui | di ngSpace.

Table 3: Restrictions of the s4bldg:BuildingSpace class

Property Definition

s4bldg:contains only s4bldg:PhysicalObject A building space contains entities represented only by
instances of s4bldg:PhysicalObject.

s4bldg:hasSpace only s4bldg:BuildingSpace A building has spaces represented only by instances of
s4bldg:BuildingSpace.

s4bldg:isSpaceOf only (s4bldg:Building or A building is spaces of entities represented only by

s4bldg:BuildingSpace) instances of the classes s4bldg:Building or
s4bldg:BuildingSpace.

Table 4 summarizes the restrictions that characterize as4bl dg: Physi cal Cbj ect .
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Table 4: Restrictions of the s4bldg:PhysicalObject class

Property Definition

s4bldg:contains only s4bldg:PhysicalObject A physical object contains entities represented only by
instances of s4bldg:PhysicalObject.

geo:location only geo:SpatialThing The location of a physical object is represented only by
instances of geo:SpatialThing.

s4bldg:isContained only (s4bldg:Building or A physical object is contained in entities represented only

s4bldg:BuildingSpace) by instances of the classes s4bldg:Building or
s4bldg:BuildingSpace.

4.2.2 Device Taxonomy

The main contribution of this extension is the representation of the devices defined in the |FC standard and their
connections to SAREF. In this sense, a hierarchy consisting in 62 classes has been created taking into account the subset
of the IFC hierarchy related to devices, as defined in the buildingSMART documentation
(https://standards.buildingsmart.org/| FC/REL EA SE/IFC4/ADD1/HT ML /annex/annex-c/common-use-
definitions/index.htm), and adding several classesto clarify its categorization. The device classes are organized into 6
hierarchical levelsthat, for the sake of clarity, will be displayed in Figure 2 and Figure 3.

Figure 2 shows the first five levels of the hierarchy. Since transport elements (s4bl dg: Tr ansport El enent ) and
vibration isolations (s4bl dg: Vi br ati onl sol ati on) arenot classified under IFC elements, they belong directly
totheclasss4bl dg: Devi ce. The building elements are divided into s4bl dg: Shadi ngDevi ce and

s4bl dg: Di stri buti onDevi ce. Infact, most of the device typesincluded in IFC belong to the distribution
device category which containsthe classes s4bl dg: Di stri buti onCont rol Devi ce and

s4bl dg: Di stri buti onFl owDevi ce. Thehierarchy under thes4bl dg: Di st ri buti onFl owDevi ce is
depicted in Figure 3.

As can be observed in Figure 2, some classes defined in SAREFABLDG are also defined in the SAREF ontology. More
precisely, thisoccursin the classess4bl dg: Act uat or and s4bl dg: Sensor that extend the classes

sar ef : Act uat or and sar ef : Sensor, respectively. This decision has been taken because in the SAREF4BLDG
extension these concepts refer to specific sensors and actuators that are placed in or related to buildings.
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>| saref:Actuator

Controller
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Figure 2: Device hierarchy in SAREF4BLDG (Part 1)
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Figure 3: Device hierarchy in SAREF4BLDG (Part 2)

For each class extracted from the IFC specification, r df s: | abel andr df s: comment annotations have been
generated including the identifier and an excerpt of the definition provided in the IFC online documentation. In
addition, provenance information has been included using the PROV-O ontology (https.//www.w3.0rg/TR/prov-of),
which has been published by the W3C as recommendation. In our case, the property pr ov: hadPr i mar ySour ce is
used to link each class with:

(@) theonline document in IFC describing the concept; and
(b) theonline document in IFC describing the properties defined for such concept.

It should be noted that properties are not specified in IFC for all the concepts but just for those representing particular
devices. That is, there is no description of properties for the following general classes:

- s4bl dg: Ener gyConver si onDevi ce, s4bl dg: Fl onControl | er, s4bl dg: Fl omvbvi ngDevi ce,
s4bl dg: Fl owSt or ageDevi ce, s4bl dg: Fl owTer mi nal, and s4bl dg: Fl owTr eat nent Devi ce.
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In addition, the classes created in this extension have been related to the ifcOWL ontology
(https://w3id.org/ifc/IFC4 ADD1) when possible. This relation has been declared by means of the annotation property
rdf s: seeAl so fromthe SAREF4BLDG classes to the ifcOWL ones.

Listing 1 includes an excerpt of the ontology in the Turtle syntax that shows an example of a classincluding the
annotations from the IFC specification, provenance references to the IFC class and property definition, and the mapping
to the corresponding ifcOWL concept.

### Cl ass definition
s4bl dg: Conpressor rdf:type ow : C ass ;
rdf s: | abel " Conpressor" @n ;
rdf s: subCl assOf s4bl dg: FI owvbvi ngDevi ce ;

in arefrigeration circuit."@n ;

### Provenance information for class definition

schema/ i f chvacdonai n/ | exi cal /i fcconpressor. htm> ;

### Provenance information for class properties

schema/ i f chvacdomai n/ pset/ pset _conpressortypecomon. ht m> ;
### Mapping to i fcOA cl asses
rdf s: seeAl so <https://w3id.org/ifc/|FC4_ADD1#Il f cConpressor> .

rdf s: comrent "A conpressor is a device that conpresses a fluid typically used

prov: hadPri mar ySour ce <http://ww. bui | di ngsmart-tech.org/ifc/1FC4/ Add1l/ htm /

prov: hadPri marySour ce <http://ww. bui | di ngsmart-tech.org/ifc/1FC4/ Add1l/ htm /

Listing 1: Class definition example including documentation, mappings and provenance information

4.2.3 Measurements

Measurements are depicted in Figure 4. This model represents an n-ary pattern that allows usersto relate measurements
for different propertiesthat are measured in different units. That is, thesar ef : Measur ement classaims at
describing a measurement of a physical quantity (using the sar ef : hasVal ue property) for agiven

sar ef : Property and according to agivensar ef : Uni t OF Measur e.

This pattern enables to differentiate between properties and the measurements made for such properties and to store
measurements for a concrete property in different units of measurement.

Furthermore, it allows adding a timestamp (using the sar ef : hasTi meSt anp property) to identify when the
measurement applies to the property, which can be used either for single measurements or for series of measurements
(e.g. measurement streams).

It is worth noting that this modelling was included in SAREF2.0 after the SAREFABLDG extension was devel oped.
This pattern was first included in the SAREF4ENVI and SAREF4BLDG extensions and then proposed to be
extrapolated to SAREF 2.0; this explains why the prefix used for this part of the model refers to SAREF instead of to
SAREFABLDG. However, asits origin isthe SAREF4ENVI and SAREF4BLDG extensions requirements and
modellings, the explanations are kept in the present document.
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1---- sarefiisMeasuredIn ------- 1|
: |
I \/
saref:Measurement saref:UnifOfMeasure

\saref:hasTimeStamp:: dateTime (F)
1(1..1) saref:hasValue

- )
____________ Fm———————————

saref:Property
A

|
| |
- saref:relatesToProperty ----!

Figure 4: Measurement model
Table 5 summarizes the restrictions that characterize asar ef : Measur enent .

Table 5: Restrictions of the saref:Measurement class

Property Definition
saref:hasTimestamp only xsd:dateTime The timestamp of a measurement is represented only by
xsd:dateTime.
saref:hasValue exactly 1 xsd:float A measurement should have exactly one value represented using
xsd:float.
saref:hasValue only xsd:float The value of a measurement is represented only by xsd:float.

saref.isMeasuredin exactly 1 saref:UnitOfMeasure  |A measurement should have exactly one unit of measurement
which should be instance of saref:UnitOfMeasure.

sarefiisMeasuredIn only saref:UnitOfMeasure The unit of measurement of a measurement is represented only
by instances of the class saref:UnitOfMeasure.

saref:relatesToProperty exactly 1 saref:Property A measurement should be related exactly to one property which
should be instance of saref:Property.

saref:relatesToProperty only saref:Property The property to which a measurement is related to is represented

only by instances of the class saref:Property.

4.2.4 Device Properties

In the SAREFABL DG extension 179 object properties (177 defined in SAREF4EBLDG and 2 reused from the SAREF
and geo ontologies) and 83 datatype properties (82 defined in SAREFAEBLDG and 1 reused from the SAREF
ontology) have been included. 172 out the 179 object properties and 81 out of the 83 datatype properties have been
created according to the IFC specification of properties for devices.

For each of the created object and datatype properties, their documentation from | FC has been attached as
documentation, including information about their use, such as the expected units of measurement.

The naming of the created object and datatype propertiesis consistent with the naming used in IFC. More precisely, the
names of the properties in the ontology are the names assigned in | FC transformed into Camel Case starting with
lowercase. For example, the property "ldeal ShaftPower" (extracted from

https://standards.buildingsmart.org/| FC/REL EASE/IFC4A/ADD1/HTML /schema/ifchvacdomain/pset/pset_compressorty
pecommon.htm) has been transformed into the object property s4bl dg: i deal Shaft Power .

Listing 2 includes an excerpt of the ontology in the Turtle syntax that shows an example of an object property and a
datatype property including the annotations from the IFC specification.
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### Cbj ect property definition exanple
s4bl dg: i deal Shaft Power rdf:type ow : Cbj ect Property ;

rdf s: comment " Conpressor shaft under ideal conditions.

in Watts (W J/s)."@n ;

power Usual | y neasured

rdfs: 1 abel "ideal shaft power"@n .

### Dat atype property definition exanple

s4bl dg: hasHot GasBypass rdf:type ow : Dat at ypeProperty ;
rdf s: range xsd: bool ean ;

rdf s: cooment "Whet her or not hot gas bypass is provided for the conpressor. TRUE
= Yes, FALSE = No."@n ;

rdf s: | abel "has hot gas bypass"@n .

Listing 2: Property definition example including documentation

Table 6 showsthe list of object properties extracted from | FC and the classes for which each property might be applied.

Table 6: List of object properties extracted from IFC and
the classes for which the properties are defined

Object property Class(es)
s4bldg:airFlowRateRangeMax s4bldg:DuctSilencer
s4bldg:Coll
s4bldg:airFlowRateRangeMin s4bldg:DuctSilencer
s4bldg:Coil

s4bldg:ambientDesignDryBulbTemperature

s4bldg:CoolingTower

s4bldg:ambientDesignWetBulbTemperature

s4bldg:CoolingTower

s4bldg:audioVolume

s4bldg:AudioVisualAppliance

s4bldg:basinReserveVolume

s4bldg:CoolingTower

s4bldg:bladeThickness

s4bldg:Damper

s4bldg:bodyMass

s4bldg:SpaceHeater

s4bldg:capacityWeight

s4bldg:TransportElement

s4bldg:closeOffRating

s4bldg:Damper

s4bldg:Valve

s4bldg:coilLength

s4bldg:CooledBeam

s4bldg:coilWidth

s4bldg:CooledBeam

s4bldg:colorTempeature s4bldg:Lamp
s4bldg:compressorSpeed s4bldg:Compressor
s4bldg:connectionSize s4bldg:Pump
s4bldg:contributedLuminousFlux s4bldg:Lamp

s4bldg:coverLength

s4bldg:Interceptor

s4bldg:coverWidth

s4bldg:Interceptor

s4bldg:effectiveCapacity

s4bldg:Tank

s4bldg:electricGeneratorEfficiency

s4bldg:ElectricGenerator

s4bldg:electricMotorEfficiency

s4bldg:ElectricMotor

s4bldg:externalSurfaceArea

s4bldg:Evaporator

s4bldg:Condenser

s4bldg:faceArea

s4bldg:Damper

s4bldg:finalResistance s4bldg:Filter
s4bldg:firstCurvatureRadius s4bldg:Tank
s4bldg:flowCoefficient s4bldg:Valve
s4bldg:flowRateRangeMax s4bldg:Pump
s4bldg:Filter
s4bldg:flowRateRangeMin s4bldg:Pump
s4bldg:Filter
s4bldg:flowResistanceRangeMax s4bldg:Pump
s4bldg:flowResistanceRangeMin s4bldg:Pump
s4bldg:foulingFactor s4bldg:TubeBundle
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Object property

Class(es)

s4bldg:frameDepth

s4bldg:Damper

s4bldg:frameThickness

s4bldg:Damper

s4bldg:heatExchangeArea

s4bldg:EvaporativeCooler

s4bldg:heatTransferSurfaceArea

s4bldg:Boiler

s4bldg:height

s4bldg:Vibrationlsolator

s4bldg:horizontalSpacing

s4bldg:TubeBundle

s4bldg:hydraulicDiameter

s4bldg:DuctSilencer

s4bldg:idealCapacity

s4bldg:Compressor

s4bldg:idealShaftPower

s4bldg:Compressor

s4bldg:imaginarylmpedanceRatio

s4bldg:Transformer

s4bldg:impellerDiameter

s4bldg:Compressor

s4bldg:initialResistance

s4bldg:Filter

s4bldg:inletConnectionSize

s4bldg:Interceptor

s4bldg:inLineRowSpacing

s4bldg:TubeBundle

s4bldg:insideDiameter

s4bldg:TubeBundle

s4bldg:internalRefrigerantVolume

s4bldg:Evaporator

s4bldg:Condenser

s4bldg:internalSurfaceArea

s4bldg:Evaporator

s4bldg:Condenser

s4bldg:internalWaterVolume

s4bldg:Evaporator

s4bldg:Condenser

s4bldg:isolatorCompressibility

s4bldg:Vibrationlsolator

s4bldg:isolatorStaticDeflection

s4bldg:Vibrationlsolator

s4bldg:lampMaintenanceFactor

s4bldg:Lamp

s4bldg:leakageFullyClosed

s4bldg:Damper

s4bldg:length

s4bldg:DuctSilencer

s4bldg:TubeBundle

s4bldg:liftElevationDifference

s4bldg:CoolingTower

s4bldg:lightEmitterNominalPower

s4bldg:Lamp

s4bldg:limitingTerminalSize

s4bldg:ProtectiveDeviceTrippingUnit

s4bldg:lockedRotorCurrent

s4bldg:ElectricMotor

s4bldg:maximumAirFlowRate

s4bldg:Damper

s4bldg:maximumApparentPower

s4bldg:Transformer

s4bldg:maximumPartLoadRatio

s4bldg:Compressor

s4bldg:maximumPowerOutput

s4bldg:ElectricGenerator

s4bldg:ElectricMotor

s4bldg:maximumSupportedWeight

s4bldg:Vibrationlsolator

s4bldg:maximumWorkingPressure

s4bldg:Damper

s4bldg:minimunPartLoadRatio

s4bldg:Compressor

s4bldg:netPositiveSuctionHead s4bldg:Pump
s4bldg:nominalAirFlowRate s4bldg:Humidifier
s4bldg:Fan

s4bldg:Damper

s4bldg:nominalBodyDepth

s4bldg:Interceptor

s4bldg:nominalBodyLength

s4bldg:Interceptor

s4bldg:nominalBodyWidth

s4bldg:Interceptor

s4bldg:nominalCapacity

s4bldg:Tank

s4bldg:Chiller

s4bldg:Compressor

s4bldg:CoolingTower

s4bldg:nominalCondensingTemperature s4bldg:Chiller
s4bldg:nominalCoolingCapacity s4bldg:CooledBeam
s4bldg:nominalDepth s4bldg:Tank
s4bldg:nominalDiameter s4bldg:TubeBundle
s4bldg:nominalEfficiency s4bldg:Chiller
s4bldg:nominalEnergyConsumption s4bldg:Boiler
s4bldg:nominalEvaporatingTemmperature s4bldg:Chiller
s4bldg:nominalFilterFaceVelocity s4bldg:Filter
s4bldg:nominalFlowRate s4bldg:Filter

s4bldg:nominalFrequency

s4bldg:ElectricFlowStorageDevice

s4bldg:nominalHeatingCapacity

s4bldg:CooledBeam

s4bldg:nominalHeatRejectionRate

s4bldg:Chiller

s4bldg:nominalHeatTransferArea

s4bldg:Evaporator

s4bldg:nominalHeatTransferArea

s4bldg:Condenser
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Object property

Class(es)

s4bldg:nominalHeatTransferCoefficient

s4bldg:Evaporator

s4bldg:Condenser

s4bldg:nominalLatentCapacity s4bldg:Coil
s4bldg:nominalLengthOrDiameter s4bldg:Tank
s4bldg:nominalMediaSurfaceVelocity s4bldg:Filter
s4bldg:nominalMoistureGain s4bldg:Humidifier
s4bldg:nominalParticleGeometricMeanDiameter s4bldg:Filter
s4bldg:nominalParticleGeometricStandardDeviation s4bldg:Filter
s4bldg:nominalPartLoadRatio s4bldg:Boiler
s4bldg:nominalPowerConsumption s4bldg:Chiller
s4bldg:nominalPowerRate s4bldg:Fan
s4bldg:nominalPressureDrop s4bldg:Filter

s4bldg:nominalReturnWaterTemperatureCooling

s4bldg:CooledBeam

s4bldg:nominalReturnWaterTemperatureHeating

s4bldg:CooledBeam

s4bldg:nominalRotationSpeed

s4bldg:Fan

s4bldg:nominalSensibleCapacity

s4bldg:Coil

s4bldg:nominalSorroundingHumidityCooling

s4bldg:CooledBeam

s4bldg:nominalSorroundingTemperatureCooling

s4bldg:CooledBeam

s4bldg:nominalSorroundingTemperatureHeating

s4bldg:CooledBeam

s4bldg:nominalStaticPressure

s4bldg:Fan

s4bldg:nominalSupplyVoltage

s4bldg:ElectricFlowStorageDevice

s4bldg:nominalSupplyVoltageOffsetMax

s4bldg:ElectricFlowStorageDevice

s4bldg:nominalSupplyVoltageOffsetMin

s4bldg:ElectricFlowStorageDevice

s4bldg:nominalSupplyWaterTemperatureCooling

s4bldg:CooledBeam

s4bldg:nominalSupplyWaterTemperatureHeating

s4bldg:CooledBeam

s4bldg:nominalTotalPressure

s4bldg:Fan

s4bldg:nominalUa

s4bldg:Coll

s4bldg:nominalWaterFlowCooling

s4bldg:CooledBeam

s4bldg:nominalWaterFlowHeating

s4bldg:CooledBeam

s4bldg:nominalWidthOrDiameter s4bldg:Tank
s4bldg:nomminalRotationSpeed s4bldg:Pump
s4bldg:openPressureDrop s4bldg:Damper
s4bldg:operatingWight s4bldg:Tank
s4bldg:operationalRiterial s4bldg:Fan

s4bldg:operationTemperatureRangeMax

s4bldg:EvaporativeCooler

s4bldg:AirToAirHeatRecovery

s4bldg:Coll

s4bldg:Fan

s4bldg:Filter

s4bldg:operationTemperatureRangeMin

s4bldg:CoolingTower

s4bldg:EvaporativeCooler

s4bldg:AirToAirHeatRecovery

s4bldg:Coll

s4bldg:Fan

s4bldg:Filter
s4bldg:outletConnectionSize s4bldg:Interceptor
s4bldg:outletTemperatureRangeMax s4bldg:Boiler
s4bldg:outletTemperatureRangeMin s4bldg:Boiler
s4bldg:outputCapacity s4bldg:SpaceHeater
s4bldg:outsideDiameter s4bldg:TubeBundle
s4bldg:pressureRating s4bldg:Boiler

s4bldg:primaryAirFlowRateRangeMax

s4bldg:AirToAirHeatRecovery

s4bldg:primaryAirFlowRateRangeMin

s4bldg:AirToAirHeatRecovery

s4bldg:primaryApparentPower

s4bldg: Transformer

s4bldg:primaryCurrent

s4bldg:Transformer

s4bldg:primaryFrequency

s4bldg:Transformer

s4bldg:primaryVoltage

s4bldg: Transformer

s4bldg:reallmpedanceRatio

s4bldg:Transformer

s4bldg:secondaryAirFlowRateRangeMax

s4bldg:AirToAirHeatRecovery

s4bldg:secondaryAirFlowRateRangeMin

s4bldg:AirToAirHeatRecovery

s4bldg:secondaryApparentPower

s4bldg: Transformer

s4bldg:secondaryCurrent

s4bldg:Transformer

s4bldg:secondaryFrequency

s4bldg:Transformer

s4bldg:secondaryVoltage

s4bldg:Transformer
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Object property

Class(es)

s4bldg:secondCurvatureRadius

s4bldg:Tank

s4bldg:size

s4bldg:Valve

s4bldg:solarReflectance

s4bldg:ShadingDevice

s4bldg:solarTransmittance

s4bldg:ShadingDevice

s4bldg:spectrumMax s4bldg:Lamp
s4bldg:spectrumMin s4bldg:Lamp
s4bldg:staggeredRowSpacing s4bldg:TubeBundle

s4bldg:startCurrentFactor

s4bldg:ElectricGenerator

s4bldg:ElectricMotor

s4bldg:startingTime

s4bldg:ElectricMotor

s4bldg:temperatureRangeMax

s4bldg:Pump

s4bldg:DuctSilencer

s4bldg:Damper

s4bldg:temperatureRangeMin

s4bldg:Pump

s4bldg:DuctSilencer

s4bldg:Damper

s4bldg:temperatureRating

s4bldg:Damper

s4bldg:testPressure

s4bldg:Valve

s4bldg:teTime

s4bldg:ElectricMotor

s4bldg:thermalConductivity

s4bldg:TubeBundle

s4bldg:thermalEfficiency

s4bldg:SpaceHeater

s4bldg:thermalMassHeatCapacity

s4bldg:SpaceHeater

s4bldg:thermalTransmittance

s4bldg:ShadingDevice

s4bldg:ventilatingPipeSize

s4bldg:Interceptor

s4bldg:verticalSpacing

s4bldg:TubeBundle

s4bldg:vibrationTransmissibility

s4bldg:Vibrationlsolator

s4bldg:visibleLightReflectance

s4bldg:ShadingDevice

s4bldg:visibleLightTransmittance

s4bldg:ShadingDevice

s4bldg:volumen s4bldg:TubeBundle
s4bldg:waterInletTemperatureRangeMax s4bldg:Boiler
s4bldg:waterInletTemperatureRangeMin s4bldg:Boiler

s4bldg:waterPressureRangeMax

s4bldg:CooledBeam

s4bldg:waterPressureRangeMin

s4bldg:CooledBeam

s4bldg:waterRequirement

s4bldg:Humidifier

s4bldg:EvaporativeCooler

s4bldg:CoolingTower

s4bldg:waterStorageCapacity

s4bldg:Boiler

s4bldg:weight s4bldg:Humidifier
s4bldg:DuctSilencer
s4bldg:Filter

s4bldg:workingPressure s4bldg:Valve

s4bldg:workingPressureRangeMax

s4bldg:DuctSilencer

s4bldg:workingPressureRangeMin

s4bldg:DuctSilencer

Table 7: List of datatype properties extracted from IFC and
the classes for which the properties are defined

Datatype properties

Class(es)

s4bldg:accessType

s4bldg:Tank

s4bldg:application

s4bldg:Humidifier

s4bldg:arrangement

s4bldg:HeatExchanger

s4bldg:bladeAction

s4bldg:Damper

s4bldg:bladeEdge

s4bldg:Damper

s4bldg:bladeShape

s4bldg:Damper

s4bldg:capacityControl

s4bldg:CoolingTower

s4bldg:capacityControlType

s4bldg:Fan

s4bldg:capacityPeople

s4bldg:TransportElement

s4bldg:circuitType

s4bldg:CoolingTower

s4bldg:colorAppearance

s4bldg:Lamp
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Datatype properties Class(es)
s4bldg:colorRenderinglindex s4bldg:Lamp
s4bldg:controlStrategy s4bldg:CoolingTower
s4bldg:endShapeType s4bldg:Tank

s4bldg:energySource

s4bldg:Burner

s4bldg:Engine

s4bldg:SpaceHeater

s4bldg:Boiler

s4bldg:evaporationCoolant

s4bldg:Evaporator

s4bldg:evaporationMediumType

s4bldg:Evaporator

s4bldg:failPosition

s4bldg:Actuator

s4bldg:finishColor

s4bldg:CooledBeam

s4bldg:fireExit

s4bldg:TransportElement

s4bldg:flowArrangement

s4bldg:EvaporativeCooler

s4bldg:CoolingTower

s4bldg:frameSize

s4bldg:ElectricMotor

s4bldg:frameType

s4bldg:Damper

s4bldg:hasDefrost

s4bldg:AirToAirHeatRecovery

s4bldg:hasExteriorinsulation

s4bldg:DuctSilencer

s4bldg:hasHotGasBypass

s4bldg:Compressor

s4bldg:hasLock

s4bldg:SwitchingDevice

s4bldg:hasPartWinding

s4bldg:ElectricMotor

s4bldg:hasTurbulator

s4bldg:TubeBundle

s4bldg:heatTransferDimension

s4bldg:SpaceHeater

s4bldg:heatTransferMedium

s4bldg:SpaceHeater

s4bldg:heatTransferTypeEnum

s4bldg:AirToAirHeatRecovery

s4bldg:integratedLightingType

s4bldg:CooledBeam

s4bldg:internalControl

s4bldg:Humidifier

s4bldg:isExternal

s4bldg:ShadingDevice

s4bldg:isFreeHanging

s4bldg:CooledBeam

s4bldg:isGuarded

s4bldg:ElectricMotor

s4bldg:isllluminated

s4bldg:SwitchingDevice

s4bldg:isNeutralPrimaryTerminalAvailable

s4bldg: Transformer

s4bldg:isNeutralSecondaryTerminalAvailable

s4bldg:Transformer

s4bldg:isPluggableQutlet

s4bldg:Outlet

s4bldg:isWaterStorageHeater s4bldg:Boiler
s4bldg:lampBallastType s4bldg:Lamp
s4bldg:lampCompensationType s4bldg:Lamp

s4bldg:legend

s4bldg:SwitchingDevice

s4bldg:manualOverride

s4bldg:Actuator

s4bldg:mechanicalOperated

s4bldg:ShadingDevice

s4bldg:mediaSource

s4bldg:AudioVisualAppliance

s4bldg:motorDriveType

s4bldg:Fan

s4bldg:motorEnclosureType

s4bldg:ElectricMotor

s4bldg:numberOfBlades

s4bldg:Damper

s4bldg:numberOfCells

s4bldg:CoolingTower

s4bldg:numberOfCircuits

s4bldg:TubeBundle

s4bldg:numberOfGangs

s4bldg:SwitchingDevice

s4bldg:numberOfPanels

s4bldg:SpaceHeater

s4bldg:numberOfRows

s4bldg:TubeBundle

s4bldg:numberOfSections

s4bldg:Tank

s4bldg:SpaceHeater

s4bldg:numberOsSockets

s4bldg:Outlet

s4bldg:operatingMode

s4bldg:Boiler

s4bldg:operation

s4bldg:Damper

s4bldg:orientation

s4bldg:Damper

s4bldg:patternType s4bldg:Tank
s4bldg:pipeConnectionEnum s4bldg:CooledBeam
s4bldg:Coll

s4bldg:placementType

s4bldg:SpaceHeater

s4bldg:powerSource

s4bldg:Compressor
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Datatype properties

Class(es)

s4bldg:readOutType

s4bldg:FlowMeter

s4bldg:refrigerantClass

s4bldg:Evaporator
s4bldg:Compressor
s4bldg:Condenser

s4bldg:remoteReading

s4bldg:FlowMeter

s4bldg:roughness

s4bldg:ShadingDevice

s4bldg:secondaryCurrentType

s4bldg: Transformer

s4bldg:shadingDeviceType

s4bldg:ShadingDevice

s4bldg:shortCircuitVoltage

s4bldg:Transformer

s4bldg:sprayType s4bldg:CoolingTower
s4bldg:standard s4bldg:ProtectiveDeviceTrippingUnit
s4bldg:storageType s4bldg:Tank

s4bldg:switchFunction

s4bldg:SwitchingDevice

s4bldg:temperatureClassification

s4bldg:SpaceHeater

s4bldg:transformerVectorGroup

s4bldg:Transformer

s4bldg:valveMechanism s4bldg:Valve
s4bldg:valveOperation s4bldg:Valve
s4bldg:valvePattern s4bldg:Valve

s4bldg:waterFlowControlSystemType

s4bldg:CooledBeam

As an example of acomplete class definition including all its properties, Table 8 summarizes the restrictions that

characterize as4bl dg: Conpr essor , using the properties extracted from IFC. The example contains different types

of properties that are representative enough for the rest of the transformed classes. It should be noted that the full
ontology documentation will be available onlinein HTML format, since including all the restrictions in the present

document would make it unmanageable.

Table 8: Restrictions of the s4bldf:Compressor class

Property

Definition

s4bldg:compressorSpeed only saref:Measurement

The speed of a compressor is represented only by
instances of saref:Measurement.

s4bldg:idealCapacity only saref:Measurement

The ideal capacity of a compressor is represented only by
instances of saref:Measurement.

s4bldg:idealShaftPower only saref:Measurement

The ideal shaft power of a compressor is represented only
by instances of saref:Measurement.

s4bldg:impellerDiameter only saref:Measurement

The impeller diameter of a compressor is represented only
by instances of saref:Measurement.

s4bldg:nominalCapacity only saref:Measurement

The nominal capacity of a compressor is represented only
by instances of saref:Measurement.

s4bldg:partLoadRatioMax only saref:Measurement

The maximum value of the part load ratio range of a
compressor is represented only by instances of
saref:Measurement.

s4bldg:partLoadRatioMin only saref:Measurement

The minimum value of the part load ratio range of a
compressor is represented only by instances of
saref:Measurement.

s4bldg:powerSource only xsd:string

The power source of a compressor value is indicated only
by xsd:string.

s4bldg:refrigerantClass only xsd:string

The refrigeration class of a compressor value is indicated
only by xsd:string.

s4bldg:hasHotGasBypass only xsd:boolean

Whether a compressor has a hot gas bypass is indicated
only by values of xsd:boolean.

4.3 Observations about S4BLDG

In the following, several observations about potential uses of the SAREFABLDG ontology are listed.

It should be mentioned that the range of the s4bl dg: short Ci r cui t Vol t age object property is open to different

representations of complex numbers. In this sense, when reusing the ontology users should define the class to be used to

represent complex numbers or reuse an existing one.
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In addition, thelist of building devices should not be considered exhaustive, the current classification represents those
devices described in IFC. It might be needed to extend the hierarchy in the case of new devices related to buildings are
described in new versions of |FC or are needed for a particular use case.

Furthermore, it is expected that concrete use cases will either reuse the existing classes to represent their devices or
specialize some of these classes to cover specific device types (e.g. by creating a hierarchy of boiler devices under the

s4bl dg: Boi | er class).
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Annex A (informative):
Approach

During the development of this extension, the ontological requirements were directly extracted from the IFC
specification. The reason for thisisthat no domain experts providing real uses cases were available, even though some
conversations with expertsin order to clarify doubts have taken place. However, the requirements have been aligned
with the uses cases in the building sector that have been defined in the "W3C Linked Building Data Community Group”
(https.//www.w3.org/community/lbd/) and are publicly accessible

(https://www.w3.org/community/Ibd/wiki/Seed Use Cases).

Thefirst step for developing this SAREF extension has been to extract ontological requirements taking the IFC
specification [i.3] as astarting point. In order to select the subset of IFC that is relevant in the context of a SAREF
extension, the boundaries of the concepts that have been included are delimited by the term "device”, that is, every
entity that can be classified as a device has been taken into account. The detailed process for extracting the requirements
is provided in the technical report [i.1]. This step was crucial due to the fact that IFC is organized according to different
architectural process views and it does not contain a clear classification of devices as they are distributed in different
branches of a broader classification.

Once the concepts to be represented, their descriptions and their properties were extracted from | FC, a non-ontol ogical
resource reengineering process [i.4] was carried out. This process consisted in the transformation of the non-ontol ogical
resource, in this case the IFC documentation, into an ontological resource following a TBox transformation approach.
That is, the original resource was transformed in the terminological box (TBox) of a knowledge base (i.e. the ontology).

For each concept selected from the IFC documentation a class together with its additional information was created, as
shown in Listing 1. Each class was then classified under the reused classsar ef : Devi ce and according to the
hierarchy proposed in IFC (https.//standards.buildingsmart.org/| FC/REL EASE/IFCA/ADD1/HTM L /annex/annex-
c/common-use-definitions/index.htm).

IFC defines the concept "Element”; however, this concept is too broad to be reused since it refersto devices and any
other element than can appear in a building. Thisissue also appearsin other levels of the hierarchy; for example, IFC
defines the concept " Distribution element™ which contains devices but also many other elements that are not devices. In
thiscasethe classs4bl dg: Di stri buti onDevi ce hasbeen created in order to restrict the use to devices. This
decision has been taken for the following classes: s4bl dg: Bui | di ngDevi ce,

s4bl dg: Di stri buti onDevi ce, s4bl dg: Di stri buti onControl Devi ce, and

s4bl dg: Di stri buti onFl owDevi ce.

For each class, its associated properties described in |FC have been transformed into object or datatype properties. It is
worth noting that not all the properties defined in the IFC standard have been transformed because, for example, in
some cases the definition of the properties assigned to the classesincluded only the property identifier (which in RDF
can be considered to be the URI of the given instance) and its status (which indicates whether the element previously
existed or isanew item in aretrofitting project). An example can be seen in the concept " Controller”
(https://standards.buildingsmart.org/| FC/REL EASE/IFC4/ADD 1/HTM L /schemalifcbuildingcontrol sdomai n/pset/pset_c
ontrollertypecommon.htm).

Furthermore, during the process, the datatypes associated in |FC to each property have been identified and analysed in
order to transform them into OWL. That is, not all the properties defined in IFC have been transformed in the same
way. Table A.1 details the decisions taken for each datatype appearing in |FC properties.
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Table A.1: Property transformations from IFC to OWL

IFC datatype Transformation to OWL

logical Transform to datatype property with range xsd:boolean

boolean Transform to datatype property with range xsd:boolean

natural Transform to datatype property with range xsd:nonNegativelnteger

integer Transform to datatype property with range xsd:integer

string Transform to datatype property with range xsd:string

{string} Transform to datatype property with range xsd:string

Real Transform to object property that would be used to link to an

(associated to a P_SINGLEVALUE) instance of saref:Measurement

real Transform to two object properties (one for maximum value and

(associated to a P_BOUNDEDVALUE) another for minimum value) that would be used to link to an instance
of saref:Measurement

ratio Transform to object property that would be used to link to an
instance of saref:Measurement

real ratio Transform to object property that would be used to link to an
instance of saref:Measurement

normalized ratio Transform to object property that would be used to link to an
instance of saref:Measurement

positive ratio Transform to object property that would be used to link to an
instance of saref:Measurement

complex Transform to object property with open range

Finally, local restrictions for each class have been added indicating the expected use of each of the properties that can
be applied to aclass.

As mentioned, SAREF concepts have been extended when they needed to be specialized and properties from SAREF
have been reused. In addition, other ontologies have been reused following the SAREF practices. More precisely the
following classes have been extended:

. saref: Device with s4bl dg: Bui |l di ngDevi ce, s4bl dg: Transport El enent and
s4bl dg: Vi brati onl sol ati on

. saref: Actuator w th s4bl dg: Actuat or

. saref: Sensor w th s4bl dg: Sensor

. geo: Spati al Thi ng wi th s4bl dg: Physi cal Obj ect
The following classes and properties have al so been directly reused:

o saref: Uni t Of Measure

J saref:isMeasuredln

J sar ef : hasVal ue

. geo: |l ocati on

As already commented some entities firstly defined in the SAREF4ENVI and SAREFABLDG extensions have been
included into SAREF2.0, and now are directly reused, namely:

e saref: Measurenent
e saref:nmakesMeasur enent
e saref:measuresProperty

e saref:rel atesToProperty
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