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Executive Summary

This document describes the development and the integral parts of the BIGG harmonization layer.
The harmonization layer is a core component in the BIGG Reference Architecture Framework that
ensures the interoperability with external data sources, defines the data structure of the internal
databases, enables the integration between the different components, and provides a harmonised
data input to the BIGG Al Toolbox.

The final harmonization layer consists of the BIGG ontology serving as a common reference, a
Harmonizer tool enabling automated data harmonization of heterogeneous data sources over the
BIGG ontology, and includes mapping and transformations for the different data sources used in the
project.

The process of development of the harmonization layer consisted of several steps. The first step
was the development of the BIGG Standard Data Model 4 Buildings based on detailed analysis of
requirements of the BIGG use cases, and of the available datasets from the pilots necessary for the
execution. The data model set the semantic base and structure of data in BIGG and served as a
common reference for the parallel work in the work packages of the project dealing with
communication, data analytics, and integration of components in the reference architecture.

In a next step, the Standard Data Model 4 Buildings step was transformed into a W3C standards
compliant BIGG Ontology based on the RDF specifications, thus enabling the use of semantic
technologies and machine understanding of data.

The adoption of the RDF as internal format for representing data in BIGG enabled the development
of the Harmonizer component, a generic tool for converting both static and dynamic building-related
data into BIGG-compliant data in RDF. The Harmonizer allows to use RML mapping rules to align
the input data to the BIGG ontology and also implements SPARQL queries to specify
correspondence between standard ontologies (e.g., ifcOWL) and the BIGG ontology.

Finally, aiming to contribute to standardisation, the BIGG Ontology was substantially analysed and
compared to existing standards. This led to the development of BIGGstd, a standards-based
transformation of the BIGG Ontology obtained by reusing existing standards. The transformation
process served to evidence gaps in existing ontologies and to pinpoint potential contributions to
them. A set of specific terms defined by BIGG for which no equivalent terms in existing standards
were found was identified and presented in Annex 1. The potential use of these terms for future
extensions of existing data standards will be considered by the BIGG representatives in EU
standardization committees.

In addition to the overview of the harmonization layer components above, the document provides
links to their full documentation uploaded in the public GitHub repository of the project.
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|. INTRODUCTION

The aim of this report is to present the final harmonization layer development and results.

The harmonization layer in BIGG is essential part of the BIGG reference architecture that enables
semantic exchange of data with external data hubs, defines a common data model for internal
harmonized data storage within the BIGG applications, and ensures unified data input to the Al
toolbox.

The BIGG harmonization layer was developed in two stages. The first stage took place during the
first year of the project and produced as a result the BIGG Standard Data Model 4 Buildings. The
initial development was based over detailed analysis of the requirements of the BIGG use cases and
conceptualization and the model description was formalized through UML diagrams and a detailed
description of classes, attributes, and relationships. The methodological approach for development
and the BIGG Standard Data Model 4 Buildings itself are reported in deliverable D4.1. This work was
key for ensuring the alignment between the analytics, storage, and communication components of
the BIGG architecture and for the implementation of the first version of demonstrators. At this stage,
the harmonization of data from external sources involved manual mapping to the BIGG Standard
Data Model 4 Buildings and customized transformations.

The second stage of the harmonization layer development covered by this document aims to
automate the data harmonization process and to advance into the alignment with standards. At this
stage the Standard Data Model 4 Buildings was transformed into BIGG ontology following the World
Wide Web Consortium (W3C) standards of the Semantic Web based on the Resource Description
Framework (RDF) specifications. An overview of the BIGG ontology is presented in Section llI.

The adoption of sematic technologies and RDF as the internal data format for the BIGG architecture
enabled the development of the BIGG Harmonizer. This component automates the conversion of
external data formats into the harmonized RDF format following the BIGG ontology. The BIGG
Harmonizer is presented in Section IV.

During this stage, considerable effort was put into reusing existing standards in the BIGG ontology,
which led to the development of the BIGG standards-based ontology (BIGGstd). This work permitted
the identification of gaps in current standards and highlighted potential extensions for them. An
overview of the BIGGstd ontology is presented in section V.

The full definitions of the BIGG ontology, the Harmonizer, and the BIGGstd ontology are published
in the public GitHub repository of the project: https://github.com/biggproject.

The specific concepts (classes, data properties, and object properties) in the BIGGstd ontology for
which no equivalent terms were identified in existing ontologies are presented in Annex I. These
particular concepts represent the potential contribution of BIGG to the future extension of existing
standards that will enable them to support the BIGG use cases and tools.

|.1. Organization of the document

This report is organized as follows:

- Section |l describes the approach for data harmonization in BIGG and the steps of its
implementation.

- Section 1ll presents the BIGG Ontology supporting the data harmonization and
interoperability between the components of the BIGG reference architecture.

- Section IV presents the BIGG Harmonizer and its functionalities.

- Section V presents the work on transforming the BIGG Ontology into standards-based
ontology BIGGstd and the contribution to existing standards.

- Section VI provides conclusions and outlines future activities.

- Annex | provides the description of the new concepts introduced by BIGG that could be
considered for extending the existing standards.

HIBIGG 3
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|.2. Scope and audience

This document is important for all project participants and users of the BIGG tools. It provides an
overview of, and references to, the developed BIGG ontology which constitutes the base for
alignment and exchange within the BIGG reference architecture. The report is especially relevant for
implementers and providers of data-driven services related to buildings that are interested in the use
of the BIGG Al Toolbox. It also provides interesting information for researchers and practitioners
engaged in developing ontologies and data standards. The presented work in reusing and aligning
to existing ontologies in the context of the wide scope of applications covered by BIGG has permitted
to highlight gaps in existing standards and has formulated proposals of new concepts to be
considered for inclusion in future standards.

HIBIGG ]



D4.2- Description of the final harmonization layer 13/12/2023

I[Il. APPROACH TO DATA HARMONIZATION
[1.1. Context

Buildings represent the largest share of European final energy consumption (40%), according to the
“Energy Efficiency — first fuel for the EU economy” report Error! Reference source not found.. B
uildings also present the greatest potential to save energy, as 75% of those standing in the EU were
built during periods with minimal energy-related regulations and 75-90% of those standing today are
expected to remain in use in 2050. Even in new construction and energy retrofits, a significant gap
between the expected and the actual, measured consumption in operation is observed Error!
Reference source not found.. Human behavioural factors, such as occupant behaviour, and the
quality of provided indoor environmental conditions are pointed out as factors affecting the energy
consumption to an extent at least as great as those of climate, building envelope, and energy
systems characteristics Error! Reference source not found..

Big data technologies, together with the development of the Internet of Things (loT), opened a whole
scope of new possibilities. The continuously increasing amount of data generated by buildings
through the adoption of digital technologies, integrating sensors, controllers, and their connectivity,
offer enormous potential for increasing the efficiency in both existing and new buildings. However,
this potential is hindered by the ambiguity of the data definitions and lack of standardization across
applications and databases, which makes it difficult to exchange, compare, and combine the data,
both at building and inter-building levels. As a result, (1) only a small fraction of the available data is
analysed and effectively used for providing innovative building-related services; (2) available data is
often used in silos and cannot be combined with other data or employed in other use cases.

The harmonization of data by BIGG aims to contribute to overcoming these obstacles. In this context,
the BIGG project aims to facilitate the implementation of big data analytics for buildings, reducing
the effort to create applications. The project focuses on the development of an open-source Big Data
Reference Architecture and Al Analytics Toolbox with demonstrated capabilities to support a variety
of use cases and applications covering the whole building life cycle. Combining of data from different
sources for joint analytics and standardized input and output from the Analytics Toolbox components
are indispensable features for the solution. Therefore, data harmonization and interoperability are
core to the concept of BIGG.

Whereas technical interoperability, i.e., the successful exchange of data, can be more easily
achieved through the adoption of standardized communication protocols, the lack of harmonization
at the information level, which deals with the semantic (meaning) of data, constitutes a more
complicated issue [4]. Semantic technologies, a combination of software and specifications that allow
encoding the meaning of data and their interrelations in a machine-processable form, offer powerful
tools to overcome the interoperability challenge [5]. Semantic models exist in different levels of
complexity, including ontologies or knowledge graphs, and data models that represent sets of
concepts belonging to a specific domain and the relationships between them [6]. Previous research
has shown that the association of raw data to terms belonging to a common ontology, and thus a
common meaning, facilitates the uniform representation of data collected by different sources and
therefore their informational interoperability Error! Reference source not found., Error! Reference so
urce not found..

Most of the currently developed ontologies follow the World Wide Web Consortium (W3C) standards
for the Semantic Web and are aimed at making internet data machine-readable. W3C standards-
compliant ontologies are based on the Resource Description Framework (RDF) specifications,
according to which information can be modelled combining triples in the form of “subject — predicate
— object”, expressions called “triples” in RDF terminology Error! Reference source not found.. Builto
n top of RDF, the Web Ontology Language (OWL) is designed for defining and instantiating Web
ontologies.

HIBIGG .
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II.2. The BIGG approach

Data harmonization is a process of bringing together data of varying file formats, naming
conventions, and columns, and transforming them into one cohesive dataset. In the context of the
BIGG Reference Architecture Framework, the harmonization layer ensures the capability to align,
harmonize, and make comparable data from different sources over an internal standard data model.
Such harmonized data format is adopted for the Al Analytics Toolbox components’ input, enabling
the integration of the developed tools with legacy systems and technologies, as well as with new
developments.

The harmonization layer aims to make the process of data harmonization systematic, reproducible,
and operational. It is materialized through the development of the BIGG Standard Data Model 4
Buildings, open documentation, and specifications for implementation of open-source components
for data mapping and harmonization.

The first step was the development of the BIGG Standard Data Model 4 Buildings. Its development
enabled the coordinated implementation of the tasks in the different work packages, facilitating the
integration and use of the Al Toolbox in the demonstrations.

The second step was the evolving of the data model into a W3C-standards-compliant BIGG ontology
based on the RDF specifications, thus making possible the use of semantic technologies, enabling
advanced representation and machine understanding of data. At this stage, the naming conventions
of the BIGG Standard Data Model 4 Buildings were followed, keeping them as a reference to facilitate
the parallel work in developing the different components of the BIGG architecture. During this step,
the BIGG Harmonizer component for automated harmonization of data was also developed. This
component orchestrates the transformation of heterogeneous external data to the harmonized RDF
format and is extensible to any data provider.

As a final step, with the objective to contribute to standardisation, the BIGG ontology was
transformed into standards-based ontology by reusing existing standards. The process was iterative
and comprised detailed analysis of existing ontologies, selection of equivalent terms, and reasoning
on their adoption in BIGG. The process resulted in the creation of the BIGGstd ontology and served
to evidence gaps in existing ontologies and to pinpoint potential contributions to them.

The harmonization layer development stages are illustrated in Figure 1 below. The development of
the BIGG Standard Data Model 4 Buildings (version 1) corresponds to the initial phase and is
presented in deliverable “D4.1 - Description of the preliminary harmonization layer”. The second and
third steps (version 2) have been developed in the second phase and presented in the current
document.

HIBIGG .
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Figure 1 - Steps in the development of the BIGG harmonization layer
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1. THE BIGG ONTOLOGY

This section presents the operative version of the BIGG ontology that is used for the implementation
of the use case demonstrations with support the BIGG Al Toolbox. The ontology was created over
the conceptual base of the BIGG Standard Data Model 4 Buildings and served as reference for the
integration and communication between the components in the BIGG architecture. To facilitate
parallel work in the BIGG Work Packages, the ontology strictly followed the naming conventions of
the BIGG Standard Data Model 4 Buildings, and only minor changes and additions were made.

The BIGG ontology was created in Terse RDF Triple Language (TTL), a W3C standard format, over
the conceptual base and naming conventions of the BIGG Standard Data Model 4 Buildings.

The following subsections provide a high-level overview of the ontology structure, main classes, and
relations between them. The full documentation of the ontology is available in the public GitHub
repository of the BIGG project (https://github.com/biggproject).

I11.1. General overview

The BIGG ontology has a modular structure consisting of a core and extensions. The core includes
three essential class groups, and the extensions provide additional classes and relations. This
structure is illustrated in Figure 2.

BIGG Ontology

Core & extensions

Industry
Retrofit project Core Foundation
Classes
Organisation Energy
Tariff and Building Performance
Emissions Certificates

Key Building - .
Performance Elements Building Devices
Indicators

Figure 2 - Structure of the BIGG ontology

The core of the BIGG ontology consists of three modules hamed over the main classes contained in
them. These modules are presented below in a structured way through class diagrams, classes and
attributes, subclass definitions, and namespaces used in the ontology.

Module: Organization - Building

This module defines the relations between the classes bigg:Building and bigg:Organization and other
related to them classes.

BIGG 1
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bigg:Person |<—

A

biggmanagesOrganifaton

bigg:organizationGontactPerson

- — bigg:buysContract A
bigg:ObjectiveTargetType | - o0 i | —
niract N i

y "biggnasOrganzationType | Type
blgg:nasObectiveTargetType
oo e Buheohe blgg:hasSubOrganization
1 i SontractObjective | bigg:managesBuliging
bigg

/
Dbigg:nasObjective Targetunit

bigg:BuildingOwnership

lgg:hasBulldingOwnership

bigg:Building

bigg:ObjectiveTargetUnit

ionType

bigg:AddressProvince

vince

Iw/mm,030wn/w > bigg:AddressCountry
bigg:Locationinfo
aigg:hasAdaressClty
\>| bigg:AddressCity

bigg:AddressClimateZone

bigg:hasGadastralinto bigghasLocationinfo

bigg:LandType bigg:hasLandType bigg:Cadastralinfo

Figure 3 - Module: Organization - Building
Classes and data properties:

bigg:Contract bigg:Person bigg:Organization bigg:Building ’ bigg:OrganiationType \
gt . L . bigg:organizationTelephoneNumber: bigg:buildingIDFromOrganization: ‘
bigg:contractStartDate: date bigg:name: string string string ‘ bigg:Buildi jonType ‘
bigg:contractEndDate: date bigg:lastName: string bigg:organizationName: string bigg:buildingName: string N
v G S igg buildi i : bigg:LandT} ‘
bigg:contractName: string bigg:userName: string bigg-organizationEmail: string b|ggAbulldmggz:;trucnonveah ‘ g £
bigg:email: string bigg:organizationDivisionType: string bigg:buildingClosingHour: time ‘ bigg:AddressClimateZone ‘
bigg:EnergyPerformanceContract ‘ bigg:organizationDivisionType: string bigg:buildingOpeningHour: time
T : = - bigg:AddressProvince
bigg:contractPerimeter: string | bigg:organizationLocalVAT: string ’ 9 ‘
] ; ‘ bigg:AddressCountry ‘
bigg:EnergyPerformanceContractObjective bigg:Cadastralinfo bigg:Locationinfo \ bigg:BuildingOwnership ‘
{ B 3 igg: treetNi s ‘ ) ’ bigg:AddressCity ‘
bigg:objectiveName: string bigg:landGraphicalArea: integer bigg addree::nvgee umber
bigg:objectiveDeadline: date bigg:landArea: float bigg:addressStreetName: string wgs:Point ‘ owl:Thing
. bigg:landGi t bigg:addressPostalCode: stri
bigg:objectiveTargetValue: float _ IQ:CB: eolf:e'fv 'gg:addressrosian ade: siring rdfs:label: string
e R igg:landCadastralReference: - .
bigg:objectiveDescription: string string bigg:addressLongitude: float rdfs:comment: string
bigg:propertyClass: string bigg:addressLatitude: float
’ oy uletielaneps ‘ bigg:addressAltitude: float
geo:Feature
’ bigg:ObjectiveTargetUnit ‘ bigg:addressTimeZone: string

geo:name: string

The following diagrams provide additional information about classes, subclasses, and namespaces
used in the ontology.

‘ geo:Feature ‘
A ? A
| |
’ bigg:AddressCountry H bigg:AddressProvince H bigg-AddressCity
" bigg:Contract ‘
pigg:EnergyPenormaneeContraet,‘

Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http://iwww.w3.0rg/2000/01/rdf-schema#
skos: http:/iwww.w3.0rg/2004/02/skos/core#

owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

wgs: http/iwww.w3.0rg/2003/01/geo/wgs84_pos#

1HIBIGG 12
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Module: Building - Element

This module defines the relations between bigg:Building, bigg:Element and the classes connected
to them.

rblgg: InitOf igg:hasAreaType-
bigg:AreaType
bigg:hasArea

bigg:AreaUnitOfMeasurement
bigg:OccupancyProfile < PoghaaX ) il erception: bigg:IndoorQualityPerception
’ A

H

bigg:hasBuildingSpaceUseType bigg:hasindoorQualityUserPerception

bigg:isAssociatedWithElement
- - T .
bigg:EnergyEfficiencyMeasureType | bigg:BuildingSpaceUseType biggisAssociatedWithSpace bigg:indoorQualityUserPerception
bigg:containsElement

!
bigg:isContairedinSpace

bigg:hasEnergyEfficiencyMeasureType ,—!
bigg

'

I = s

bigg:isAffectedByMeasure

urrency

bigg:isSubjectToMaintenance

/ bigg:hasMaintenanceActionType
biag i unency] il
L | | bigg:BuildingElement |
bigg:MaintenanceActionType
Figg:BuiIaingCons(rumionElemen({ | bigg:BuildingSystemElement |
l i Type i ildi l Type
. = 1 L = el
: T Ty
1 i [ "
Figure 4 - Module: Building - Element
bigg:MaintenanceAction bigg:IndoorQualityPerception bigg:BuildingElement bigg:BuildingSystemElement bigg:EnergyEfficiencyMeasure
: string . ityVali Date: date i i e Date: bigg:buildingSystemElementEfficiency:
fonDate: date s : = Date: date i ildi i 5 i Output: : ZF float
string float
bigg:maintenanceActionFrequency: B " . i i Output: g .
duration string float 0! : float
i riodic: rQualityl erception 2 = -
boslaar bigg:buildingElementState: boolean bigg:shareOfAffectedElement: float
bigg:maintenanceActionDescription: i iidi > ‘ igg:Buildi i ‘ —
string bigg:OccupancyProfile string 9
: i Bofeley string
T - : —— bigg:occupancyVacationDates: date __ string __ ‘ igg:Buildi i Type ‘ e
pe i i Date: ici i i string
s(nng
Gl — 3 T Effici
= i Date: string ‘ Type ‘ ez}
blgg.A'ea date bigg Date
> bigg:occupancyNumberOfO« g i i lionalDate: date
bigg:areaValue: float | (s string
Integer Higg-energyEffic Ral
L string
‘ bigg:AreaUnitOiMeasurement | ‘ bigg:BuildingSpaceUseType |
‘ bigg:EnergyEfficiencyMeasureType ‘
‘ bigg:AreaType
‘ urrency ‘

bigg:http:/fbigg-project.eu/ontology#

rdfs: http//www.w3.0rg/2000/01/rdf-schema#
skos: http://www.w3.0rg/2004/02/skos/core#

owl: http//www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

wgs: http//www.w3.0rg/2003/01/geo/wgs84_pos#

Module: Building - Device

This module defines the relations between the classes bigg:Building and bigg:Device. The classes
related to them, as needed for the BIGG use cases, are also defined.

HBIGG 13
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bigg:UtilityType bigg:hasUtility Tyj

bigg:UtiltyPointOfDelivery
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bigg:DeviceHistory

:hasUtilityPointOfDeli

bigg:hasSpace

bigg:hasDevice

bigg:MeasurementUnit

bigg:hasStatePoint

bigg:hasHistory

yDevices

Dbigg:isObservegByDevice

v
bigg:Observableltem
)

bigg:Element
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bigg:hasDavicdAaaraaatar
bigg:aggregatesSpace

bigg:State
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bigg:hasSensor

bigg:DeviceType

bigg:DevicelnputSignalType

bogDataPravder & i citeanov
igg: ‘|sPanmuevmeAggvegalor:>|wAgg' egator

bigg-hasDeviceAggregatorProperty

bigg:MeasuredProperty

bigg:hasMeasuredProperty
bigg:hasO i e gType gType
igg: Ty Jnit P S
bigg:OutputSignalType |‘/higg:nasou(pulPra(ocol bigg:TimeSeriesList

bigg:OutputProtocol

bigg:Measurement

Figure 5 - Module:

Classes and data properties:

\b| bigg:MeasurementUnit

bigg:hasMeasurement

bigg:hasEstimationMethod

bigg:EstimationMethod

Building - Device

bigg:BuildingSpace bigg:Device bigg:State J bigg:TimeSeriesList bigg:MeasuredProperty ‘
T\me{‘ % gular: boolean
string string bigg:Sensor ‘ bigg:MeasurementUnit ‘
bigg:buildingSpaceName: strin OMUpots: OnChange: boolean ;
igg:! gSpa : String integer
DFromO! S » . T
— string bigg:Element ‘ bigg:timeSeriesisCumulative: boolean bigg:DeviceAggregator
X iceHistor L
99 fisgld bigg:deviceName: string bigg:timeSeriesStart: date bigg:deviceAggregatorFrequency: duration
bigg:WeatherStation bigg:deviceManufacturer: string | bigg:StateType l bigg:timeSeriesEnd: date bigg:deviceAggregatorFormula: string
= P bigg:deviceOperatingSystem: %2 2 . a8 i unction:
wags:latitude: float strin bigg:timeSeriesFrequency: duration string
wgs:longitude: float bigg:deviceModel: string bigg:UtilityPointOfDelivery ety S : string
integer | P intOfDeliveryIDFromO _
L string bigg:TimeSeriesPoint bigg:SensorReadingType ‘
Date: date = — -
= P bigg:UtilityType ‘ bigg:start: dateTime bigg:OutputSignalType ‘
bigg:end: dateTime T -
bigg:devicelnstallationDate: date bigg:Ot ‘ bigg:OutputProtocol ‘
bigg:value .
bigg:DevicelnputProtocol 1 bigg:DataProvider \ bigg:isReal: boolean bigg:EstimationMethod
o e | i i i : boolean
bigg:DevicelnputSignalType ‘ ‘ bigg:Measurement ‘
bigg:DeviceType 1 i bigg:StatePoint ‘
= ‘ bigg:DataProvider ‘
‘ bigg:TimeSeriesPoint ‘ ‘ bigg:TimeSeriesList T
‘ bigg:Measurement ‘ | bigg:StatePoint | | bigg:Sensor ‘ ‘ bigg:State | biggWeatherstaton | ‘ bigg:Device

bigg:http://bigg-project.eu/ontology#

rdfs: http://iwww.w3.0rg/2000/01/rdf-schema#
skos: http:/iwww.w3.0rg/2004/02/skos/core#

owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

wgs: http/iwww.w3.0rg/2003/01/geo/wgs84_pos#

IHIBIGG

14
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Module: Retrofit project

This module defines the extension for retrofit projects and relations of the main concept
bigg:RetrofitProject with other concepts in the context of energy efficiency retrofitting.

I bigg:EnergyPerformanceContractObjective ]

bigg1sConnoctedToEnergySaving I
DY HMENCOsODIOCIVD

bigg hasEnergySavingType
oo

e I

i
bigg:EnergySavingVerificationSource \7—' DogprocucesonEnergyBenett

bigginciudeshisasure

bigg:RetrofitProject

bigg NonEnergyBenefitimpactEvaluation

biog hasNanEnargyBoTeeTimoacTEvauaton
i: 1

BigyhasNonEnergyBenettType

bigg:Project

DgghasProjectMotvaton
bigghasProjectinvestmentGurrency

Figure 6 - Module: Retrofit project

Classes and data properties:

bigg:Project | bigg:RenovationProject bigg:NonEnergyBenefit bigg:EnergySaving
bigg:projectiDFromOrganization: strin, bi fitimp: ificati strin bigg:energySavingStartDate: stri
199:proj g 9 bigg:R Project igg: 9 1g9g: gy: 4] ng
bigg:projectName: string N N = — bigg:nonEnergyBenefitimpactValue bigg:energySavingEndDate: string
9g:p! al _ —
bigg:projectDescription: string bigg toRi pravEiee . i ing : float
bigg:geometrySRID: string | bigg:SavingProducingltem ‘ bigg iption: string bigg T bncanyones:
bigg:projectDiscountRate: float
‘ bigg: gyBenefitProduci ‘ ‘ bigg:NonEnergyBenefitimpactEvaluation ‘ ‘ bigg:EnergySavingVerificationSource ‘
bigg:projectSimplePaybackTime: float L - -
bigg:projectOperationalDate: date \ bigg:ProjectinvestmentCurrency ‘ ‘ bigg:! ay i Jnit ‘ ‘ bigg:EnergySavingType ‘
bigg:projectStartDate: date S S [ =
l bigg:ProjectMotivation ‘ bigg:NonEnergyBenefitType

bigg:proj vey: bool

bigg:projectinterestRate: float

bigg:projectGrantsShareOfCosts: float

bigg:projectinternalRateOfReturn: float

boolean

bigg:projectCurrencyExchangeRate: float

bigg:projectUsesincentives: boolean

bigg:projectNetPresentValue: float

bigg:projectinventivesShareOfRevenues: float

ounding: boolean

bigg:proj i Ratio: float

bigg:projectinvestment: float

Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http://iwww.w3.0rg/2000/01/rdf-schema#
skos: http:/iwww.w3.0rg/2004/02/skos/core#
owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

: http/iwww.geonames.org/ontology#

IHIBIGG 5



D4.2- Description of the final harmonization layer 13/12/2023

Module: Tariff and emissions

This module describes the extension for energy tariff and emissions and the relations around the
concepts bigg: Tariff and bigg: CO2EmissionaFactor.

l bigg:TariffCurrency | ‘ bigg:MeasurementUnit ‘ bigg:MeasuredProperty

bigg:hasTariffCurrencyUnit  bigg:h: Jnit  bigg:h: if perty

bigg:Tariff bigg:hasTariffCt ist bigg:TariffCe ist : bigg:TariffCx

bigg:hasTariff

bigg:MeasuredPro
bigg:ContractedTariff igg:hasContractedTarif bigg:UtilityPointOfDelivery }—Nm-ha CO: ionsFactor—»|  bigg:CO: i g perty

bigg:hasCO2EmissionsFactorList bigg:hasCO2RelatedMeasuredProperty

bigg:CO2EmissionsFactorList bigg:hasC i nit

: I igg:hasC Jnit
bigg:hasCO: actorValue bigg

2 =22 bigg:MeasurementUnit
bigg:CO2EmissionsPoint

Figure 7 - Module: Tariff and emissions

Classes and data properties:

bigg:Tariff bigg:CO2EmissionsFactor \ bigg:TariffCurrency \

bigg:tariffName: string

: : : bigg:CO2EmissionsFactorList ‘ bigg:TariffComponentList ‘
bigg:tariffCompany: string L L
bigg:CO2EmissionsPoint ‘ bigg:TariffComponentPoint ‘
Subclass definitions:
bigg:TimeSeriesList | bigg:TimeSeriesPoint
‘ bigg:Contract
‘ bigg:ContractedTariff
‘ bigg:TariffComponentList ‘ bigg:CO2EmissionsFactorList ‘ bigg:CO2EmissionsPoint bigg: TariffComponentPoint

Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http://iwww.w3.0rg/2000/01/rdf-schema#
skos: http://www.w3.0rg/2004/02/skos/core#
owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

: http/iwww.geonames.org/ontology#
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Module: Key Performance Indicators (KPI)
This describes the extension for KPIs and their relations.

bigg:ModelType
iog - biggKPIType

bigg:Measurementunit bigghasModelType
bigg:hasKPIUNit
l:l\biggmmesemm - bigg:isEstimatedByMode! 4 ki
o B bigg:hasModelStoragelnfrastructure

bigg:AggregatedKPIAssessmentPoint |<— \Jluiw. : | iggSi l-; | i bigg:ModelStoragelnfrastructure

| bigg:AnalyticalGroup bigg:KPIC ] ) )
bigg:groupsForAnalytics |

el

bigg:TimeSeriesPoint

bigg:haskP

‘ bigg:Building ] | bigg:EnergyEfficiencyMeasure |

Figure 8 - Module: Key Performance Indicators

Classes and data properties:

’ bigg:KPICalculationitem ‘ | bigg:KPIType ‘ ‘bigg:AggregatedKPlAssessmentPoinﬂ_ ’ bigg:AnalyticalModel
I 1 bigg:modelName: string
‘ bigg:KeyPerformancelndicator ‘ ‘ bigg:KPIAssessment ‘ ‘ bigg:SingleKPIAssessmentPoint ’
bigg:modelLocation: string
= SR -
!bigg:B ildingKeyPerformanceindi ator% Ebigg:AggregatedKPlAssessmenti ’ bigg:AnalyticalGroup ‘ bigg:modelTrainedDate: date
T S - | bigg:modelBaselineYear: string
I bigg:EEMKeyPerformancelindicator ‘ ’ bigg:ModelStoragelnfrastructure ‘
’ bigg:SingleKPlAssessment ‘
Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http://iwww.w3.0rg/2000/01/rdf-schema#
skos: http:/iwww.w3.0rg/2004/02/skos/core#
owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

: hitp://www.geonames.org/ontology#
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Module: Industry Foundation Classes (IFC)

This module describes the extension with concepts and relations adopted from the IFC schema.

’ bigg:Group l
bigg:ZoneType

K / bigg:SystemType
mggAnaszﬁwpe /\ mgg.|n/assyslam1ype

bigg:Zone |<—mgg :serveszona—{ bigg:System

A
nlgg:con(am:'BullalmsnaceT bigg:containsElement
bigg:isContainedinZone bigg:isContainedinSystem
A
‘ bigg:BuildingSpace | ‘ bigg:Element |

Figure 9 - Module: Industry Foundation Classes

Classes and data properties:

‘ bigg:Zone bigg:System ‘
’ bigg:ZoneType bigg:SystemType ‘
bigg:Group

bigg:groupName: string

Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http//www.w3.0rg/2000/01/rdi-schema#
skos: http:/iwww.w3.0rg/2004/02/skos/core#
owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http://www.w3.0rg/2001/XMLSchema#

: http/iwww.geonames.org/ontology#
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Energy Performance Certificate (EPC)
This extension defines the concepts and relations for Energy Performance Certificates.

bigg:Building ———tigghastrc—»|  bigg.EnergyPerformanceCertificate  —biggnasaganonaito—|  bigg:EnergyPerformanceCertiicateAdditionallnfo

Figure 10 - Module: Energy Performance Certificates

Classes and data properties:

bigg:EnergyPerformanceCertificate bigg: er ertificate Additi
bigg:energyPerformanceCertificateReferenceNumber: string bigg:buildingTechnicallnspectionCode: string
bigg:energyPerformanceCertificateProcedureType: string bigg:constructionRegulation: string
bigg:energyPerformanceCertificateCertificationTool: string bigg:electricVehicleChargerPresence: boolean
bigg:energyPerformanceCertificateClass: string bigg:bi y resence: boolean
bigg:energyPerformanceC:tr’tiirf‘igateCeniﬁcationMotivation: bigg:geothermalSystemPresence: boolean
bigg:energyPerformanceCertificateDateOfCertification: date bigg:districtHeatingOrCoolingConnection: boolean
bigg:energyPerformanceCertificateDateOfAssessment: date bigg:solarThermalSystemPresence: boolean
bigg:CO2EmissionsClass: string bigg:solarPVSystemPresence: boolean
bigg:annualCO2Emissions: float bigg:averageFacadeTransmittance: float
bigg:annualEnergyCost: float bigg:averageWindowsTransmittance: float
bigg:annualPrimaryEnergyConsumption: float bigg:regulationValueForWindowsTransmittance: float
bigg:annualFinalEnergyConsumption: float bigg:regulationValueForFacadeTransmittance: float

bigg:lightingCO2EmissionsClass: string

bigg:annualLightingCO2Emissions: float

bigg:lightingPrimaryEnergyClass: string

bigg:lightingPrimaryEnergyConsumption: float

bigg:heatingCO2Emissi lass: string

bigg:annualHeatingCO2Emissions: float

bigg:heatingPrimaryEnergyClass: string

bigg:annualHeatingPrimaryEnergyConsumption: float

bigg:annualHeatingEnergyDemand: float

bigg:heatingEnergyDemandClass: string

bigg:hotWaterCO2EmissionsClass: string

bigg:annualHotWaterCO2Emissions: float

bigg:hotWaterPrimaryEnergyClass: string

bigg:annualHotWaterPrimaryEnergyConsumption: float

bigg:coolingCO2EmissionsClass: string

bigg:annualCoolingCO2Emissions: float

bigg:coolingPrimaryEnergyClass: string

bigg:annualCoolingPrimaryEnergyConsumption: float

bigg:annualCoolingEnergyDemand: float

bigg:coolingEnergyDemandClass: string

Namespaces:

bigg:http://bigg-project.eu/ontology#

rdfs: http//www.w3.0rg/2000/01/rdf-schema#
skos: http://www.w3.0rg/2004/02/skos/core#
ow!: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

: http/iwww.geonames.org/ontology#

[11.2. Public documentation

The BIGG ontology and its full documentation is available on the public GitHub repository of the
BIGG project: https://github.com/biggproject/Ontology/tree/main/BIGG.
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O Product Solutions Open Source Pricing Search or jump to... Signin ‘ Sign up |

H biggproject [ Ontology  Public L Notifications % Fork 0 17 star 1 -

<> Code () Issues 1 [l Pullrequests () Actions [ Projects () Security |~ Insights

(I Files Ontology | BIGG / ontology-parts /| (3
P main R Eloi Gabaldon Ponsaadd Resourcetype class fb85e74 - 6 months ago {T) Histary
Q Gotofile
Name Last commit message Last commit date
~ [@WBIGG
b UML
> dictionaries [Ybuilding-device.ttl initial commit with the bigg ontology last year
I v entology-parts Dbuilding—element.tt\ corrected minor mistakes in the ontology last year
[Mbuilding-device.ttl
[Jextensions-epc.ttl initial commit with the bigg ontology last year
[Mbuilding-element.tt|
[Mextensions-epe.ttl [Mextensions-ifc.ttl initial commit with the bigg ontology last year
[Bextensions-ife.ttl [(extensions-kpi.ttl updated kpi extensions last year
[Mextensions-kpi.ttl )
[Mextensions-projects.ttl initial commit with the bigg ontology last year
[Mextensions-projects.ttl
. extensions-resources.ttl add Resourcetype class 6 months ago
[Mextensions-resources.t| O ureetye ' <
[Mextensions-tariff.ttl [(extensions-tariff.ttl corrected minor mistakes in the ontology last year
Dorganization-building.tt [Morganization-building.ttl initial commit with the bigg ontology last year
> [itools
[Bigg.tti

Figure 11 - BIGG ontology documentation on GitHub
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V. BIGG HARMONIZER

Data harmonization serves as a foundational step toward realizing data-driven excellence, ensuring
that data evolves from a potential ‘obstacle’ into an ‘asset’ that propels an organization's operations
and growth endeavours.

The BIGG use cases involve a multitude of data models and formats, coming from different sources
such as open data providers, assets management software and sensors. Regarding data formats,
relational databases and XML are still present, Open Data portals heavily rely on CSV, and web
APIs on JavaScript Object Notation (JSON).

In BIGG, the RDF data model is adopted for internal harmonized representation of the data. The
mapping of the external data having heterogeneous formats to the BIGG semantics and their
conversion into the harmonized RDF format of BIGG allows the data interoperability and enables the
use of the BIGG Al Toolbox. To simplify the mapping specification for the data providers and avoid
the effort to code serializers for each kind of source using a generic programming language, the
harmonizer is based on RML (RDF Mapping Language).

IV.1. Implementation of the harmonizer tool

The BIGG Harmonizer is a generic tool implemented in Python that serves to convert any building’s
energy-related data into data compliant with a BIGG digital twin. It is created to harmonize input data
with the BIGG ontology. The process of harmonization comprises two stages: the first one is related
to the RML mapping file processing, and the second one is related to the alignment of standards
ontologies with the BIGG ontology.

A schematic of the tool is presented in Figure 12 below.

Harmonizer
Existing Ontologies v Alignement to our ontology
IFCOWL SPARQL Stage > BIGG
RDF RDF
SAREF
SOSA ...
IFC-TO-BIGG.sparql

PREFIX : <http://www.buildingsmart-tech.org/ifcOWL/TIFC2X3_TCL>
PREFIX g: <https://bigg-project.eu/ontology#>

CONSTRUCT {
tbuilding a i H I ?space .
1space a 1 ne

} WHERE {
tbuilding a
?storey a

Figure 12 - BIGG Harmonizer tool

The conversion step is the first stage of the Python module. It corresponds to the use of the java
library to convert an input JSON file into an RDF file, thanks to the mapping rules defined in the RML
file. The module can output two serialization formats of RDF: the TTL (Turtle) or the JISON-LD format.

The second stage of the Python module corresponds to the use of SPARQL queries to add, translate
or complete the RML stage. The second stage can also be used to align data based on standardized
ontology into BIGG-compliant RDF. For instance, it allows to align data based on standards
ontologies such as ifcOWL, SOSA or SAREF, with the BIGG ontology.

The execution and test of the Python module can be done in a Jupiter Notebook, with the following
command line:
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python harmonizer.py — — input inputFile [~ — spargl SparglFiles)
[— — output outputFilename)

The harmonizer process can be illustrated with a simple example of a building containing storeys,
spaces, and some devices. Figure 14 shows the corresponding JSON input file on the top left, and
the YARRRML [13] mapping file on the right. Once the RML mapping file is generated, we can use
it to convert the input file into an RDF file aligning with the BIGG Ontology (bottom left).

The Python module allows the use of the RML mapping rules to align the input data with the BIGG
ontology into an RDF document. Automatically, it generates instances of BIGG objects like
bigg:Building, bigg:BuildingSpace and bigg:Device with the related relations.

The same approach has been successfully applied to input data from other sources: group, systems,
and sensors structures exported from exploitation control software, or time series coming directly
from sensors. Each specific data is mapped to instantiate a specific part of the BIGG ontology.

In a second phase, the harmonization module is also used to create rules to include import data in
standard format (e.g., ifcOWL) into an instance of a BIGG model. Indeed, the harmonizer’s second
stage allows to execute SPARQL queries to specify correspondences between ontologies.

The diagram in Figure 13 provides a detailed sequence of the processing logic and steps.

| Python harmonizer.py --inputinput_FILE [--spargl spargl_FILES]  [--output output_FILE] I
CHECK ARGUMENTS |
Input_FILE exists ? H Is there a mapping file ? }—» Rml_FILE exists 7 (|  Does the input_FILE is a Json ? * CONVERSION ACTIVATED
CONVERSION NOT ACTIVATED
‘ Is there at least one ? = Al exists ? mmmmmmm)  REQUEST ACTIVATED
‘ Is there an output_FILE ? output_FILE = « output.ttl »
CONVERSION ACTIVATED CONVERSION ACTIVATED
REQUEST ACTIVATED REQUEST ACTIVATED
Does the output_FILE format is ttl or jsonld ? Convert the json file as the « tmp_output.ttl » | | Does the input_FILE is an existing ttl file ?
=
Read and execute each on the Read and execute each on the
« tmp_output.ttl » input_FILE
Convert the json file as the output_FILE
I Save the result in the output_FILE | I Save the result in the output_FILE

Figure 13 - Harmonizer processing flow

IVV.2. Development of mappings

This section describes the choice of the main mapping language in BIGG and the different
implementations of mapping realized by CSTB and CIMNE within the demonstrations.

Several solutions have been proposed to map semi-structured data to RDF. The SweolG taskforce
has built a list of implementations also called RDFizer [8]. Most of them are dedicated to a specific
format or model. We focused our analysis on those that fulfill the project requirements: a language
that can be extended with calls to user-defined functions, that is model agnostic, and fully compliant
with W3C recommendations.
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RML [9] is one of the approaches that allows mapping between various sources toward RDF. RML
is an extension of the R2RML vocabulary to describe logical sources which are different from
relational database tables. It generates RDF from JSON by using JSONPath but can also handle
CSV or XML sources.

SPARQL-GENERATE [10] is based on a query language that queries the combination of an RDF
dataset and a set of documents. Various formats can be supported thanks to the extensible set of
SPARQL 1.1 binging functions and SPARQL-Generate iterator functions. SPARQL-Generate is
appropriate for engineers that are familiar with SPARQL as it built one top of SPARQL [11].

OpenRefine [12] (formerly Google Refine) helps to make sense of tabular data through a set of tools
to clean, transform, and cross-link several datasets together. RDFRefine is an extension of
OpenRefine that is meant to align the tabular data loaded in OpenRefine with existing ontologies,
while reconciliating the obtained URIs with third party RDF datasets. In this context, RDF Refine
provides an export feature that translates tabular data into RDF. The data management part of
OpenRefine as well as the alignment towards RDF in RDFRefine are fully performed through a Web
user interface. Unfortunately, RDF Refine does not allow to map CSV input files to RDF. OpenRefine
can also handle JSON data but does not implement multi-level iterators that make the mapping
complicated when processing deep structures.

YARRRML [13] is a human-readable mapping language developed by the University of Ghent, it
allows to define rules and to convert them into RML or R2ML mapping language. Therefore, the RML
mapping file generated contains rules to be used to transform input data into an RDF format. The
web-based tool named Matey offers the possibility to write YARRML rules in a user-friendly way.

The Matey [15] user interface consists of 4 windows. The top left window contains input data (for
example a JSON file). The top right window, the most important one, is the YARRRML editor, where
the user can write the YARRRML mapping script. Pushing the “Generate RML” button will
automatically translate the YARRRML script to RML and fill in the bottom right windows. Finally,
pushing the “Generate LD” button will fill in the bottom left window with the RDF file resulting from
the mapping of the input data using RML rules.

The BIGG project focuses on RML as a mapping language for the following technical reasons:
RML is based upon RDF that is consistent with the harmonized data.

RML mappings are reproducible and maintainable.

RML is an extension of a W3C specifications: R2RML [14].

RML is not limited to one type of input format and can easily handle JSON, CSV and XML
formats. But mostly, in the scope of the BIGG project, it was important that the mapping files
could be generated (or at least updated) by non-informatician persons responsible for the
different business cases. In this perspective, we have concluded that RML was the best
option, thanks to the YARRRML language and Matey tools, which offer the most suitable
solution for our BIGG project. We further added a mapping stage based on SPARQL to align
URIs controlled values and taxonomies.

P w N PR

For the harmonization of data done by CSTB for the demonstration in Greece (DomX, HELEXIA and
HERON data) corresponding to Business Cases 4, 5 and 6 (use cases 8-15), Matey is used to
develop and test the mapping rules in YARRRML language, generate RML rules and export them
into a file.

The YARRML mapping file is composed of three main parts:

(1) The declaration of prefixes:

Some prefixes and namespaces are predefined by default in YARRRML, and a set of customs ones
can be added by adding the ‘prefixes’ collection to the root of the document. In the example of Figure
14, prefixes for the BIGG Ontology are added.
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(2) The declaration of sources:

Under the tag “sources” we list all the “entry points” into the input data. Each entry point is defined
by the file name, the format, and an iterator acting as a “regular expression” to filter data. For
example:

e lterator: “$.building[*]” will iterate over all “building” entities in the file

e lterator: “$..contents[?(@.type=="SITE"&&@.categoryCode=="BUILDING")]” will iterate over
all “contents” entities at any level in the JSON tree, and which have specific values of “type”
and “categoryCode” properties.

(3) The mapping rules:

Finally, the ‘mappings’ collection contains the declaration of the mapping rules explaining how to
translate the current entity pointed by the iterator into triples (subjects, predicates, objects) of the
BIGG Ontology. For the example of Figure 14, the mapping named “building” take as an input source
the iterator “data1”, and instantiate an object named “$(name)” as a bigg:Building, which has a
bigg::name of “$(name)”, and has a relation to a space declared as “space_$(name)”. Instantiation
of the bigg::BuildingSpace will be done in the next mapping rule.

[ Elprefixes:
"building™: - [ bigg: "http://bigg-project.eu/"
{ i: "http://bigg-project.eufinstances/"
" grel: "http://users.ugent.be/~bjdmeest/function/grel.ctlf"
Esouraes:
"name": -"RAC", = datal:

access: data.json

" Mspacedolvy, referenceFormulation: jsonpath

: "space0nzT] I iterator: "$.building[*]"
=] datalbis:
} access: data.json
{' referenceFormulation: jsonpath
e s TRAL" [i - ;terator: "$.building[*]"
= ata2:
F . .[, — - access: data.json
; ‘rsl"’“c“l';'l"]' referenceFormulation: jsonpath
spacells”, F iterator: "$.building[*].storeys[*]"
o =] data3:
ThSanscrll:l-lfl:ll b access: data.]json
{"name”: - "HdSensorl04-02"} referenceFormulation: jsonpath
1 L iterator: "$.building[*].storeys[*].spaces[*]"
1 = datad:
1 access: data.json
} referenceFormulation: jsonpath
1 iterator: "$.building[*].storeys[*].spaces[*].dsvices[*]"
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> . Emappings:

@prefix bigg: <http://bigg-project.eu/> . B building:

@prefix i: <http://bigg-project.eufinstances/> . sources: datal
@prefix grel: <http://users.uge be /~bi 5 §> s: i:%(name)
po:
i:BatA rdf:type bigg:Building ; ~ [a, bigg:Building]
bigg:iname "BatA" ; - [bigg:nams, $(nams)]
bigg:guid "4c5ec575¢534efclT014cl9dc6c2as3E" ; - p: bigg:guid
bigg:hasSpace i:space Bata . o:

function: grel:string md5

=

parameters:
- [grel:valusParamster, 5 (nams)]
- p: bigg:hasSpace
©o: il:space_$(name)~iri

bigg:hasSpace i:space BatB .

[

/pe bigg:BuildingSpace ;
“e_BathA" ;
bace i:space RAC, iispace R%2B1, i:space R%2B2 .

buildingSpace:
sources: datalbis
s: i:space_$ (name)
po:
- [a, bigg:BuildingSpace]

[

tspace_BatB rdf:type bigg:BuildingSpace ;
bigg:iname "space BatB" .

- [bigg:name, space 35 (name)]
i:space_RdC rdf:type bigg:BuildingSpace ; a9 e .
bigg:name e RAC" ;
bigg:hassul e 1l:space00l, i:space002, i:space003, i:space004 .

- p: bigg:hasSubSpace
o: i:space_$(storeys[*].nams)~iri

Figure 14 - Example of a JSON input file (top left) with the corresponding YARRRML mapping (right) and the
RDF file created by the mapping (bottom left)
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[ Hprefixes:
E { bigg: "http://bigg-project.eu/"
"parentId": null , i: "http://bigg-project.eu/instances/"
v grel: "http://users.ugent.be/~bidmeest/function/grel. ttlf"
"nal . energis: "https://energis.cloud/fr/™
C v ]
" iption": v , ﬁsouzces:
"type™: "COMPANY" , = data_p:
"categoryCode": "COMPANY" , access: data.json
"hasChildren": false , referenceFormulation: jsonpath
= "contents": [ iterator:
g { ™S . .contents[? (@.name==\"Cordia\"&&@. type==\"GROUP\"&
"parentId": , r &@.categoryCode==\"GROUP\")]"
" =) data_b:
’ .
name”: "Cordia" , access: data.j son. ]
"code": "Cordia" .F:fer:nceFomulatlon: Jjsonpath
A s iterator:
Sigéiipﬁéggué"null ! "S..contents[? (@.name==\"Interamerican\"&&@.type==\"5
categoryCode! : "'GROUP“ F ITE\"&&@ . categoryCode==\"OFFICE\")]"
Children": false ' i data dm:
eontents: [ ' H data ts:
- ot =2] data ss:
{ L
{ mappings:
{ F  project:
{ source: data_p
entId s: i:project_$(assetId)
et1d" , =] po:
"name": "Interamerican” , - [a, bigg:Project]
"code": "Interamerican" , - [bigg:projectName, $(name)]
" ds iption": "" , - [bigg:projectIdFromOrganization, $(assetId)]
" : "SITE" , = - p: bigg:affectsBuilding
"categoryCode": "OFFICE" , o:
"hasChildren": false , mapping: building
g "contents": [ condition:
= { function: equal
"parentId": , = parameters:
etId" . - [strl, $(assetlId), s]
". wHYACT - [str2, %(parentid), o]
: "Interamerican-HVAC" , r
cription™: "™ , bl building:
"type": "SITE ENTITY" , source: data b
"categoryCode": "ENTITY GROUB" s: i:building_$(assetId)
E Children": false , =] po: o
= "contents": [ - [a, bigg:Building]
? { - [bigg:buildingName, $ (name)]
" entId": - [bigg:buildingIdFromOorganization, $%(assetId)]
.

Figure 15 - Example with real data (HELEXIA / ENERGIS)

The implementation of mapping for the BIGG Business Cases 1, 2, 3 (use cases 1-7) was done by
CIMNE using a custom library implemented in Python. This library, similar to the standard ones,
created the transformation of the data into the harmonized RDF format of BIGG. The reason for the
implementation of this library was that the data harmonization for these cases was done before the
implementation of the Harmonizer component. The example of this is presented below and shows
an alternative way for data harmonization, demonstrating the existing versatility of using the BIGG

solutions.

The CIMNE transformation tool is less general than the YARRRML proposed by CSTB, which can
provide a mapping to any ontology. In the CIMNE case, transformation to RDF is always done to the

BIGG ontology and one only needs to specify the class and data fields to apply the transformation.

Inside each JSON mapping one specifies the “mapping” section to create the element, and the “link”
section to create the links between the elements. Then the utility will run and create the resulting

RDF with the requested data information.

HIBIGG
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Figure 16 - Mapping of buildings with CIMNE's Tool:

input data (left) mapping (centre) and RDF result (right)

IV.3. Harmonizer functionalities and transformations

The BIGG harmonizer aims at converting any data in the scope of building energy performance, to
fit with the BIGG ontology, into RDF. Data that cannot be mapped, or that is not needed for BIGG
use cases, is filtered out. As possible input formats in our first approach, we focus on JSON for data
coming from sensors (time series) and Asset Management Software (building and systems
description) as well as CSV coming from Open Data (geolocation) and RDF (data aligned on SAREF,
SOSA or IFC) for alignment with existing ontologies.

The harmonizer must generate data respectful of W3C recommendations and BIGG ontology by
providing the following functionalities:

F1: Converts JSON files into RDF compliant with BIGG ontology
F2: Converts CSV files into RDF compliant with BIGG ontology

F3: Aligns Data described using standard ontologies covering the same scope (ifcOWL, SAREF,
SSN/SOSA, GeoNames, QUDT, WGS84, FOAF)

F4: Allows to map input objects with BIGG classes

F5: Allows to map input attributes with BIGG data properties

F6: Interprets implicit links between objects through object properties.

F7: Reconciles input values with open registers, BIGG taxonomies and enumerations
F8: Materializes data context and generate 5-stars data

HIBIGG
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The following parts describes how the harmonizer provides F1-F8 functionalities.

- 1%t Stage
ISON file => MATEY Tool to map

- Conversion into RDF compliant with BIGG
RML file = BIGG ontology
ontology [F1,F2]

CsV file —> [FAF5,F6,F8] -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TTL file

2" Stage
SPARQL Requests JSONLD file

TTL fil Alignement into RDF compliant with BIGG
[ it ) oot | o | P

ontology [F3,F7]
[F3,F7]

Figure 17 - General workflow of the Harmonizer and its functionalities

Converting input formats to RDF

BIGG is intended to address the necessities of Digital Building Twins for high-quality data, known as
5-star data, as originally introduced by Tim Berners-Lee. Frequently, the raw data obtained by a
Digital Building Twin needs cleaning and enrichment to enable full interoperability. The levels
established by Tim Berners-Lee consist of five stages: availability (level 1), structuring (level 2),
openness (level 3), universal identification (level 4), and linkage to other data (level 5). In our case,
raw data is mainly provided as JSON, but the same methodology could be applied to CSV-formatted
data. In this project, the 5-star level is achieved by following the RDF specifications.

The first stage of the harmonizer extracted inputs from a JSON file and a RML mapping file to
produce a first RDF file, matching the BIGG scope. The RML mapping files are composed of iterators
to identify data sources (using the JSON path syntax) and class mapping declarations that refer to
iterators. Mapping files can either be produced manually or by using dedicated tools that simplify the
mapping process, e.g., RMLEditor or Matey.

RML processing is based on the RMLMapper library developed by Ghent University. First, the
relevant parts of the JSON are identified according to iterators declared in the mapping file. Then
the mapping itself is performed by creating, for each mapping data, an instance of the mapped
ontology class by generating a URI and by generating triples according to data properties. Each URI
is generated from the context (provider or building owner and building) and the local ID defined in
the JSON. The context is used to generate the prefix. The class hame followed by the local id are
concatenated with the prefix. At this step, the literal values are not yet converted.

Interpreting implicit link

The underlying structures of JSON are arrays and trees. Relations between objects are implicitly
declared by using the native parent-child relation provided by the tree structure. As BIGG ontology
defines several relations, the harmonized need to match the parent-child relation between two JSON
objects with one of the BIGG ontology relation. Figure 18 illustrates how two parent-child relation
from the same JSON file can be interpreted as distinct relations in the BIGG ontology.

"building": [
{

|"name": "BatA",}» —_—
"storeys": [
{

N bigg:hasZone
"name": "RAC", }‘_ 7'7 .
"spaces": [ ) bigg:containsBuildingSpace
{"name": "space00l"}+

Figure 18 - Sample of JSON file describing building structure
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The materialization of implicit links is also ensured by the harmonizer’s first mapping stage. Object
properties (as declared in the mapping file) map instances with each other’s by using their URI. As
for instance generation, JSON samples corresponding to the subject and the object of a triple are
identified using absolute or relative JISONPath expressions. As URI are always generated by using
the same convention, URIs remain consistent. This way, URIs generated when populating instances
match with URIs generated when building relations between instances.

Reconciliating data with enumerations

The BIGG Harmonizer uses GeoNames as a universal register for public buildings. By reconciling
GeoNames buildings with BIGG building descriptions, the project allows for the federation of data
provided by building owners with data provided by the Open Data community. This is achieved by
guerying the GeoNames endpoint to retrieve the building's public URI, official name, and address,
using the building location as a reference. The harmonizer's first stage generates a graph, which is
then used to execute a federated SPARQL query in the second stage to replace the temporary
building URI with the GeoNames URI and insert complementary information requested from
GeoNames. Additionally, this project proposes the use of alternate public endpoints, such as Open
Street Map's endpoint, to provide data on building height, roof inclination, and envelope materials.

= 7 Ay -\ AR PN TS s Ve Mogoda k:

8 Escola de la Dona, Diputacio de Barcelona cz 22 m

Corberalde,

Liobregat . <g N ">Escola de la Dona</gn:officialName>
w N ">Escola de la Dona de la Diputacié de B

Escola Professional de la Donac
Escuela de la Mujer</gn:alterna

Torrelles de
Liobregat
.ora/11549760/"/>
.org/2510769/"/>
.orq/3336901/"/>

Figure 19 - GeoNames providing universal ID and description for public buildings

BIGG ontology is a valuable resource that provides taxonomies for the classification of various
objects, including buildings, spaces, and sensors. Within the context of building usage classification,
an excerpt of the building usages taxonomy is presented in Figure 20, which outlines the primary
services provided by a building.

Property Taxonomy st level Taxonomy Znd level

buildingSpaceUzeType |EdecstionAndResasrch ExtracurricularEducationCantar
Laborstony:
MilitsnyOrPolicefcademy
OrtherEducationAndResaarch
Preschool

Prrimany School
RessarchCanter
Secondany School
University
{empty)
Hezlthcare DiayCareHospital
HomelessShelter
Haospital

Maorbusny

MasrzinaHamma

Figure 20 - Sample of one of the BIGG taxonomies classifying building space usages.
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In situations where the classification of raw data differs from the BIGG classification, the
harmonizer’s second stage is used to translate between the two. For example, the French building
classification term "Université" must be converted to its corresponding term in the BIGG taxonomy,
namely "University". A thesaurus is embedded in the BIGG ontology. It uses the SKOS ontology to
describe taxonomies (skos:scheme), translations (rdf:label “Université’@fr, “University’@en) and
cross-taxonomy semantic links (<medical center> skos:match <hospital>). In the harmonizer’s
second stage, the reconciliation process is accomplished through a federated query that uses the
thesaurus to translate from the taxonomy used by the raw data to the harmonized taxonomy. Once
the corresponding term is located, the query substitutes the appropriate value in the graph that was
previously created by the harmonizer's initial stage.

Making explicit the data context

When describing energy consumption as JSON time series, the contextual information regarding the
source (Who), location (Where), and method (How) of measurement is often overlooked or indirectly
specified in the file name. A standardized approach is required to extract and retrieve contextual
information, such as the location, building, or feature of interest, from the pre-existing database or
other data sources. The identification of data providers and building owners can be incorporated into
the mapping file (in the SPARQL mapping), which can be further used by the harmonizer to enhance
the graph. In instances where the timestamp is absent, the current date and time can be used to
trace the incoming data. As an additional improvement, the harmonizer can also extract pertinent
data, such as building and sensor identification, from the file name, to further augment the graph.

Aligning data

In addition to the raw data collected as a JSON file, the harmonizer enables the ingestion of RDF
data that implements standardized ontologies.

The BIGG ontology has been aligned with several existing ontologies related to Digital Building
Twins, such as BOT (for building topology description), SAREF (for energy system description), and
SSN/SOSA (for sensor and time series description).

This alignment consists of triples that declare corresponding classes (owl:equivalentClass) and
corresponding predicates (owl:equivalentProperty) from one ontology to the other. The data
alignment is generally performed on a given opportunity via a semantic reasoner embedded in the
triple store but, if necessary, the harmonizer can materialize class and properties alignments by
substituting the original vocabulary with BIGG vocabulary.

There are two ways to extend the harmonizer's alignment capabilities. The first way is to extend the
ontology with new class and property equivalences. The second way is to add SPARQL mapping
queries that will convert classes and properties from one vocabulary to another (the 2nd mapping
stage in Figure 16). Whereas the first way appears to be the most standard, the second solution
provides more flexibility as benefits from the expressiveness of the SPARQL language to perform
complex transformations such as aggregations.

I\V.4. Public documentation of the Harmonizer

The BIGG Harmonizer documentation is available on the public GitHub repository of the BIGG
project: https://github.com/biggproject/Harmonizer/tree/main
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Figure 21 - BIGG Harmonizer documentation on GitHub
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V. BIGG STANDARDS-BASED ONTOLOGY (BIGGSTD)

One of the objectives of BIGG project is the technical contribution to EU standards and ontologies
(Task 4.4) by proposing additions and extensions that would enable them to support the wide scope
of use cases for big data in buildings covered by BIGG. This task was approached by working on
maximally reusing existing standards in the BIGG ontology, thus evidencing the specific contributions
that BIGG could offer in terms of concepts and relations that do not have any equivalent in the current
standards. As a result, a set of classes, data properties, and object properties were proposed by
BIGG in Annex 1, to be considered in the further extension of the standards, which would allow them
to support the BIGG use dases.

The task required a significant effort to search for existing ontologies and to analyze their concepts
in the context of use in BIGG. This work finally led to transforming the BIGG ontology into the
standards-based ontology BIGGstd. This section provides an overview of the process of
development and the resulting ontology. The full documentation of BIGGstd is provided on the public
repository of the BIGG project on GitHub: https://github.com/biggproject/Ontology!/.

Methodology

The BIGG ontology presented in Section Il has been used as a conceptual base for the development
of BIGGstd. The advantage of this approach is the previous validation and assurance of applicability
as the BIGG ontology has been already tested with the use cases in the demonstrations.

The development process of the BIGGstd ontology could be summarised in the following steps:
(i) search and analysis of concepts from existing ontologies;

(i) modelling: developing the relationships between concepts;

(iii) generation of the ontology in TTL (Turtle) format.

The search of terms in existing ontologies was performed with the help of the Linked Open
Vocabularies tool and direct access to the ontologies' documentation:

https://lov.linkeddata.es/dataset/lov/

The modeling was performed by developing UML class diagrams representing the relationships
between classes. The final generation of the ontology was done with the help of the Chowlk
framework, which generated the ontology in TTL format.

Figure 22 - Linked Open Vocabularies tool.
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V.1. Overview of BIGGstd ontology

The BIGGstd ontology is developed as modular ontology consisting of core and extensions, each of
which has separate extensions allowing further evolution in the future:

¢ bigg:http//:bigg-project.eu/ld/ontology#

e bigg4kpi:http//:bigg-project.eu/ld/bigg4kpi#

o bigg4co2:http//:bigg-project.eu/ld/biggdco2#

e bigg4tariff:http//:bigg-project.eu/ld/bigg4tariff#

o bigg4proj:http//:bigg-project.eu/ld/bigg4proj#

Each of the BIGGstd ontology's parts has extensively reused concepts from existing ontologies and
added additional concepts that are necessary to support the BIGG use cases.

The overall structure of the BIGGstd is presented in the Figure 23 below and the detailed structure
of each part is presented in continuation. The full documentation of the ontology is provided in the
GitHub repository if the project.

BIGGstd Ontology

bigg4tariff bigg4kpi
Core

bigg4co2 bigg4proj

Figure 23 - Structure of the BIGGstd ontology

The core of BIGGstd encompasses the main classes that are necessary to allocate the general
information for all the use cases covered by the BIGG project. The extensions contain parts of the
ontology that are only relevant for some of the use cases. The reused classes in the ontology are
represented through white boxes, while the particular classes introduced by the BIGG project are
highlighted in blue. The modules of the ontology are presented below in a structured way through
class diagrams and namespaces definitions used in the ontology.

The specific contribution of BIGG as proposed classes, data properties and object properties that
might represent interest for the evolvement of standards are presented in Annex 1.

Core

The core classes in BIGGstd and their relations provide the general structure for allocating and
interconnecting the building data relevant to the BIGG use cases. This includes the general building
characteristics, building systems, components, devices, as well as the relation of the building to the
wider context of geospatial location within the urban environment, its use, and responsible persons
for its management.
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Figure 24 - BIGGstd ontology core

bigg: http://bigg-project.eu/id/ontology#
foaf: http://xmins.com/foaf/0.1/

schema: https://schema.org/
geo: http://www.w3.0rg/2003/01/geo/wgs84_pos#
geosp: http://www.opengis.net/ont/geosparql#

gn: http://www.geonames.org/ontology#

saref: https:/saref.etsi.org/core/
sdagri: https://saref.etsi.org/saref4agri/
sdsyst: https://saref etsi.org/sarefdsyst/
sdcity: https://saref.etsi.org/sarefdcity/
s4bldg: https://saref.etsi.org/sarefdbidg/

ssn: http/iwww.w3.org/ns/ssn/

time: http://www.w3.0rg/2006/time#

dc:creator: Edgar Martinez-Sarmiento
dc:creator: ...
owl:versioninfo: 2.1

dc:title: BIGG Ontology

IHIBIGG



D4.2- Description of the final harmonization layer 13/12/2023

Extension bigg4kpi

This extension was created for allocating the different results produced in the context of the BIGG
use cases. It reuses some general classes from existing ontologies and adds classes and relations
that are particular to the results of the BIGG project.

saref:FeatureOfinterest

saref:Measurement

i sdcityisDerivedFrom

H i i sdcity reforsToFeature
| <<owlinverseOf>>, saref:UnitOfMeasure i : geospFeature
H : sarofisMoasuredin’ | i
---------- = =

sacityhaskPl  (al) sdcilyisKPIOF
: L (all) rdfs:Literal
sdcit |Gy : (al) saref:nasDescription: rdfs:Literal —
o saref:hasValue (1..1) :Concept e
(all) saref:hasName: rdfs:Literal (all) s4city-hasLastUpdateDate: xsd:dateTime Y ;

i #-hasDescription: rdfs:Literal (all sdcity:nasCreationDate: xsd:dateTime
T T ——/_higwummyﬁcawnﬂel

b\gg"kvv:ﬂas'\cglwﬂlIMFuw'°"4’| biggakpi:AggregationFunction | ] biggakpi:TimeSeriesPoint
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Figure 25 - BIGGstd ontology extension bigg4kpi

biggdkpi: http://bigg-project.eu/ld/bigg4kpii B
bigg: http://bigg-project.eu/ld/ontology#
saref: https://saref.etsi.org/core/
s4city: https://saref.etsi.org/sarefdcity/
geosp: http://iwww.opengis.net/ont/geosparql#
skos: http://iwww.w3.0rg/2004/02/skos/core#
time: http://www.w3.0rg/2006/time#
dcterms: http://purl.org/dc/elements/1.1/
rdf: http://iwww.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
owl: http/iwww.w3.0rg/2002/07/owl#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

dcterms:creator: Edgar Martinez-Sarmiento
dcterms:contributor: Eloi Gabaldon

dcterms:contributor: Guillaume Picinbono

dcterms:contributor: Nicolas Bus
dcterms:contributor: Stoyan Danov
dcterms:contributor: Jordi Carbonell
owl:versioninfo: 1.0.0
dcterms:titie: The BIGG for Key Performance Indicators
ontology extension

S
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Extension bigg4co?2

This extension defines classes and relationships that are necessary for allocating the results related
to the emissions from energy use.

L biggac To § i
aref:C i bi 2 i issionsFactor —PiggdcozhasDuration__ | time:TemporalDuration
9g4¢ biggdco2:hasPeriod po

1 bigg4co2:hasStartTimestamp: xsd:dateTime
: T 5

biggdco2:Th i issionsFactor| bigg i i issionsFacto biggdco2: i issionsFact

bigg4co2:forVolumeFlow: | i bigg4dco2:forVolumeConsumption: H bigg4co2:forDaylnMonth: xsd:gDay —bigg4co2-forWeekDay: time:DayOfWeek

i v time:interval

saref:Commodity

saref:Property
saref:Coal
saref:Energy

T . biggdco:
P -

saref:Gas

biggdco2:LPG

biggdco2:Propane

bigg4co2:NaturalGas

Figure 26 - BIGGstd ontology extension bigg4co2

bigg4co2: http://bigg-project.eu/ld/biggdco2#
bigg: http://bigg-project.eu/id/ontology#
saref: https://saref.etsi.org/core/
time: http:/fwww.w3.0rg/2006/time#
dcterms: http:/purl.org/dc/terms/
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
owl: http/iwww.w3.0rg/2002/07/owl#
xsd: http://ww.w3.0rg/2001/XMLSchema#

dcterms:creator: Edgar Martinez-Sarmiento
dcterms:contributor: Eloi Gabaldon

dcterms:contributor: Guillaume Picinbono

dcterms:contributor: Nicolas Bus
dcterms:contributor: Stoyan Danov
dcterms:contributor: Jordi Carbonell
owl:versioninfo: 1.0.0
dcterms:title: The BIGG for CO2 emissions ontology extension
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Extension bigg4tariff

The extension “tariff” was created to represent information about different tariffs of utilities delivered
to buildings, such as energy and water.

bigg:EnergyMeter

bigg4tariff:appliesTo
biggatariff:Tariff ’
e

s4watr:hasDuration
5 s4watr:hasPeriod

N sdwatr eriod - -
sdwatr:Tariff » time:TemporalDuration

s4watr:hasStartTimestamp: xsd:dateTime
sdwatr:hasBillingDate: xsd:dateTime

s4watr:ThresholdBasedTariff sdwatr:ConsumptionBasedTariff s4watr:TimeBasedTariff |

sdwatr:forDayinMonth: xsd:gDay ——s4watrforWeekDay time:DayOfWeek
L‘.wau:fombsclu(eﬁmemba time:interval

H s4watr:forVolumeFlow: ' s4watr:forVolumeConsumption: !
"""""""""""""""""""""""""" s4watr:forFinancialConsumption: :
:

Figure 27 - BIGGstd ontology extension bigg4tariff

biggdtariff: http:/bigg-project.eu/ld/bigg4tariff#
bigg: http:/bigg-project.eu/ld/ontology#
saref: https://saref.etsi.org/core/
sdwatr: https://saref.etsi.org/sarefdwatr/
time: http://www.w3.0rg/2006/time#
dcterms: http://purl.org/dc/elements/1.1/
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
owl: http/iwww.w3.0rg/2002/07/owl#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

dcterms:creator: Edgar Martinez-Sarmiento
dcterms:contributor: Eloi Gabaldon

dcterms:contributor: Guillaume Picinbono

dcterms:contributor: Nicolas Bus
dcterms:contributor: Stoyan Danov
dcterms:contributor: Jordi Carbonell
owl:versioninfo: 1.0.0
dcterms:title: The BIGG for Tariff ontology extension
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Extension bigg4proj

This extension defines different classes of projects related to buildings in the context of BIGG. These
include building renovation, retrofitting and energy performance contracts as well as related
concepts.

|bigg4proi:EnergySavingVeriﬁcationSource \

bigg4proj:hasEnergy Q' Source
Igg4proj:lsConnected TDEnergySavlng‘{ bigg4proj:EnergyPerformanceContractObjective |
bigg4proj:EnergySaving bigg4prof ..,wme—T | bigg4proj:NonEnergyBenefitimpactEvaluation |
A
bigg4proj:producesSaving L |
bigg4proj:SavingProducinglitem | Ibigg4proi:NonEnergyBeneﬁ!Producingnem I’Mwwj-r o bigg4proj:NonEnergyBenefit ‘
N A
bigg4prof:hasEnergySavingType ,,J
Igg4proj:nasNonEnergyBenetitTyp:
bigg4pro|:hasNonEr Unit

foaf:Proiect skos:Concept ¢

| bigg4proj:NonEnergyBenefitimpactValueUnit |

bl]gg4pm:nas$uDProject

biggdproj:Project blgg4pro y urrency saref:Currency

s4bidg:Building -| ? ‘—I
’ bigg4proj:aftectsBullding bigg4pro)? A

’ bigg4proj:ProjectinvestmentCurrency |

|biggAproi:Pm}eclMotlvation |

—nigg4projincludesMeasure—| bigg4proj:RetrofitProject

bigg4proj:projectCO2Reduction:
xsd:float

bigg4proj:RenovationProject

Figure 28 - BIGGstd ontology extension bigg4proj

bigg4proj:http://bigg-project.eu/ld/biggdproj# B
bigg:http://bigg-project.eu/ld/ontology#
foaf: http://xmins.com/foaf/0.1/
saref: https://saref.etsi.org/core/
sd4bldg: https://saref.etsi.org/sarefdbidg/
skos: http//www.w3.0rg/2004/02/skos/core#
dcterms: http://purl.org/dc/elements/1.1/
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
owl: http:/iwww.w3.0rg/2002/07/owl#
xsd: http:/fwww.w3.0rg/2001/XMLSchema#

dcterms:creator: Edgar Martinez-Sarmiento
dcterms:contributor: Eloi Gabaldon

dcterms:contributor: Guillaume Picinbono

dcterms:contributor: Nicolas Bus
dcterms:contributor: Stoyan Danov
dcterms:contributor: Jordi Carbonell
owl:versioninfo: 1.0.0
dcterms:title: The BIGG for projects ontology extension
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V.2. Public documentation

The BIGGstd standards-based ontology and its full documentation is available on the public GitHub
repository of the BIGG project: https://github.com/biggproject/Ontology/tree/main/BIGGstd
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Figure 29 - BIGGstd ontology documentation on GitHub
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VI. CONCLUSIONS AND FUTURE WORK

The BIGG harmonization layer is a core component in the BIGG Reference Architecture Framework
that ensures its capability to align, harmonize, and make comparable data from different sources.
The data harmonization makes possible the use of the BIGG Al Toolbox in the implementation of
the BIGG use cases, with the harmonized data format being also key for the overall communication
and integration of the IT architecture's components.

The final harmonization layer consists of a BIGG ontology for internal data representation, BIGG
Harmonizer tools, and mappings to external data sources and sinks that enable the semantic
interoperability of the BIGG solution.

The development of the harmonization layer was done in three steps. The first step was the
development of the BIGG Standard Data Model 4 Buildings, based on a detailed analysis of the
requirements of the BIGG use cases, and of the datasets available from the BIGG pilots. The data
model set the semantic base and structure of data in BIGG and served as a common reference for
the parallel work in the work packages on communication (WP3), Al toolbox development (WP5),
and system integration (WP2). The data model is reported in deliverable D4.1.

The second step was the development of the BIGG Ontology, a W3C-standards-compliant ontology
based on RDF specifications enabling the use of semantic technologies and machine understanding
of data. The ontology was developed on the conceptual base of the BIGG Standard Data Model 4
Buildings and followed the naming conventions provided by it to facilitate the collaborative work in
the project and the continuity of the work from the previous phase. In parallel, this step developed
the BIGG Harmonizer. This component enabled the automated harmonization of data, facilitated by
the adoption of the RDF format. The Harmonizer orchestrates the transformation of heterogeneous
data to RDF, covering building and sensors description as well as energy -related time series. It is
fully compliant with W3C recommendations by composing an RML transformation with SPARQL
transformations. The Harmonizer solution is extensible to any data provider. By providing a mapping
file, it creates harmonized data streams enabling the use of the BIGG Al Toolbox. Along with the
Harmonizer, ad-hoc data mapping and harmonization tools have been developed and exemplified,
thus providing an alternative for implementation that is feasible for relatively small datasets and for
developers familiar with RDF and Python who would like to adopt the BIGG Al Toolbox components.

As a final step, with the objective to contribute to standardization, the BIGG ontology was
transformed into a standards-based ontology BIGGstd, by reusing existing standards. The process
was iterative and comprised a detailed analysis of existing ontologies, selection of equivalent terms,
and reasoning on their adoption in BIGG. The process resulted in the creation of the BIGGstd
ontology and served to evidence gaps in existing ontologies and to pinpoint potential contributions
to them. The specific classes, data properties and object properties added by BIGG, for which no
equivalent terms in existing standards were found, are described in Annex 1. The potential use of
these terms for future extensions of existing data standards will be considered by the BIGG
representatives in the EU standardisation committees.
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VIII. ANNEX 1

This section presents the list of concepts of the BIGGstd ontology that have no equivalents in existing

13/12/2023

ontologies.

concepts type comment

http:ibigg-project. eufid/ontology# | http:/dSwww. w3, org/2002/07 fow Ontology

MENsges O bjectProperty Relation between an agent and a patimony they manage.

an inthum ber DiatatypeProperty Mumber of energy supply point from utility.

EnemySupplyPoint Class Energy supply point from utility.

nationalCedastralAeference DatatypeProperty Thematic identifier at national level, generally the full national code of the basic
property unit. Must ensure the link to the national cadastral register or
equivalent. (https:Meww . w3 . om2015/03inspire'cp)

CadastralParcel Class Areas defined by cadastral registers or eguivalant.
(https:fawew. w3 org/2 01503 finspire'cn)

EnergyAsset Clazs An enengy asset is a physical entity usaed in the process of transforming,
transporting, storing and distributing energy.

EnemgyDevice Class An energy device is a devica that is also an energy assat.

EnemgyMeter Class An energy meter is an instrument intended to messure continuoushy,
meamarize, and display the energy consumption.

Patrimony Class A collection of real state entities used for the scope of energy accounting
which can contain buildings and parcals.

Surfacefres Class A saref: Property related to some messurements that are charactenzed by &
cartain value measured in an surface area unit (such as square meters).

Surfacefreslinit Class The unit of messure for surface area.

GirossFloorfres Class Sum of the floor areas of all building spaces measured from the extemnal faces
of the ettenior walls.

VIII.2. bigg4tariff

concepts type comment

hitp:/ibi f=1] Atariff# | bitocdSwwow. w3 om/200207 fowl | Ontology

appliesTo ObjectProperty The energy meter to which a taniff applies to.

Tariff Class The specifications of a tanff associated with one of the meterad
commaodities.

EUR-FPER-MegaW-HR MamedIndividusl An instance of cumency related to energy consumption in Buros
per MWh

IHIBIGG
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VIII.3. bigg4proj
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concapts type comment

hthp: Vi I =) g httpo/fwww. w3 .org/2002/07 fowl | Ontology

isConnectadToEnergySaving ObjectProparty Relation betwesn an energy performance contract objective and the
anergy savings it produces.

EnergyPerformanceContractObjective Class The enargy saving objective of the energy performance contract

EnergySaving Class Any estimate or messure of energy savings tiggered by a Retrofit Project
ar Enargy Efficiency Messura

RenovationProject Class A project that affects a whale Building or part of it, and can indirectly have
an affect on the enargy efficiancy.

Projact Class A building energy efficiency related project

affectsBuilding ObjectProparty Relation that points which buildings are affected by a project

energySavingEndDate DatatypaProparty Final date of the reference pariod for the enargy savings

energySavingindependeantiyVerified DatatypeProperty Indication of whether the presented energy savings were independenthy
warified or not

energySavingStartDate DatatypeProperty Initial date of the reference period for the energy savings

energySavingValue DatatypeProperty Energy savings valus

geometrySRID DatatypeProperty Intemational spatial Reference Systam for geometric types

hasEnergySavingType ObjectProparty Links an energy saving with its type given as a skos conocapt

hasEnergySavingVerificationSource ObjectProperty Relates anergy saving to an energy saving verificaion source

EnergySavingVerificationSource Class Source of the warification, if the presented enengy savings ware
indepandanthy verfied

hasMonEnergyBenefitimpactEval uation ObjectProperty Relation existing betwean a non energy bensfit with its impact evaluation

MNeonEnergyBenefit Class Any additional bensfit produced by Renovation Projects and Enangy
Efficiecy Messures other than Energy Savings

MNeonEnergyBenefitimpactEvaluation Class Evaluation of the project impact over the selected non energy benefit

hasMonEnergyBenefitimpactValuelnit ObjectProparty Vinculstes a non energy benefit impact with an impact value unit

MonEnergyBenefitimpactValueUnit Class Units of the approximate net value of the impact of the project over the
non-enangy bensfit

hasMonEnergyBenefitType ObjectProperty Links a non enargy benefit with its type given as a skos concept

hasProjectinvestmantCurrancy ObjectProperty Relation batwean a project and the project investmeant cumancy

ProjectinvestmentCurrency Class Original cumancy of the project investmant

hasProjectMotivation ObjectProperty Links a project with its maotivation

ProjactMotivation Class Key raasons for the inwastmant

hasSubProject ObjectProperty Links a project to its super project.

includesMeasure ObjectProparty Relation between a retrofit project and an energy efficiency messure

RetrofitProject Clazs Any retrofit project that affects a whaole Building or part of it, and that
consists of one or more EnengyEfficiencyMessures.

EnergyEfficiencyMaasura Clazs Any messure for the improvemant of the efficiency of a Building orits
Elements.

influencesObjective ObjectProparty Relation betwean an energy saving and an enargy parformance contract

bicct

nonEnergyBenefitimpactValue DatatypeProperty Approximate net value of the impact of the project over the non-enargy
benefit

nonEnergyBenefitimpactValusDescription DatatypeProperty Description of the value provided for the impact of the project over the
non-enangy bensfit

nonEnergyBenefitimpactValueVerifisdAndMeasured |DatatypeProperty Indication of whether the impact over the non-energy benefit has bean
measured and verifed

nonEnergyBenefitimpactVerificationMethod DatatypaProperty Description of the verification/measurment method used, in casa the
impact over the non-enargy bensfit has been verfied or measured

producesNonEnergyBenefit ObjectProparty Links a non energy benefit producing item with its non enangy banefit

MeonEnergyBenefitProducingliem Class Any item that is able to produce non energy benefits

producesSaving ObjectProparty Relation betwean a saving producing item and an energy saving

SavingProducingltem Class Any item that is able to produce energy savings

projectCO2Reduction DatatypeProperty Annual reduction of CO2 emissions by the project, 1002 fyear

projectCurrencyExchangeRate DatatypeProparty Exchange rate betwean the original investrant cumency and suros

IMBIGG
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projectDescription DiatatypeProparty Fres text for the user to describe the project (e.g 300 characters)
projectDiscountRate DatatypeProperty Discount rate used to caloulate the financial metrics for the renovation
project
projectGrantsShareDfCosts DatatypeProperty Estimated share of the total project costs that were covered with grant
funding, in case the project received it
projectlDFromOrganization DatatypeProperty Project identifier provided by the organisation
projectincludedConfortmetarSurvey DiatatypeProperty Indication of whether the project included a Comfortmeter survey
projectincludedMonEnergyBenefitsEstimate DatatypeProperty Indication of whether the non energy banefits produced by the project
were estimated
projectinterastRate DatatypeProperty Interest rate used to calculste the financial metrics for the renovation
project
projectinternal RateOfReturn DiatatypeProparty Estimated Intemal Rate of Retumn (IRRA) of the renovation project
projectinventivesShareOfRevenues DatatypeProperty Estimated share of the total project revenues that are represented by
incentives schemes, in case the project benefitted/will benefit from them
projectinvestment DatatypeProperty Investment for the project inplementation
projectMame DiatatypeProparty Mame of the project
projectMetPresentValue DatatypeProperty Estimated Met Present Value {NPV) of the mnovation project
projectOperationalDate DatatypeProparty Diate on which the project became oparational
projectReceivedGrantFounding DatatypeProperty ez or no data field to express whether the projects received grant funding
projectSavingsTolnvestmentRatio DatatypeProperty Estimated Savings To Inwestment Ratio {SIR) of the renovation project
projectSimplePaybackTime DatatypeProperty Estimated Simple Payback Time (SPB) of the renovation project
projectStartDate DiatatypeProperty Date on which the projact investment started
projectUsesincentives DatatypeProperty Yes or no data field to exprass whether the projects benefitted or will
benefit from incentive schemes
concepts type comment
hitpe//bigg-project.eu/ld/biggdkpi# http: Awww.w3.org /200207 /owl |Ontalogy
BuildingKeyPerformancelndicator Class A subclass of key performance indicator related to buildings
KeyPerformancelndicator Class An specislzation of a sdcity Key Performance Indicator
EEMKeyPerformancelndicator Class A subclazs of key performance indicator related to enargy
afficiency measures
KPlCalculationltem Class KPI caloulation item
assessesAggregatediPl ObjectProperty Relation betwesn an analytical group and an aggregated KPI
assessment
AnalyticalGroup Class Anzlytical group
AggregatedKPlAssessment Class Aggregated KP| assessmant
assessesSingleKPl ObjectProperty Relation between a KP| calculation item and its single KPI
assessment
SingleKPlAssessmant Class Singls KPI assesmeant
groupsForAnalytics ObjectProperty Relation between a KFl calculation item and its analytical group
hasAggregatedKPIPoint ObjectProperty Relation betwesn an aggregated KP| assessment with its
aggregated KP| assessment point
AggregatedKPlAssessmentPoint Class Aggregated KP| assessment point
hasAggregationFunction ObjectProparty Relation betwesan an aggregated KP| assessmant and its
aggregation function
AggregationFunction Class A function that aggregates KPI values
hasAnalyticalModel ObjectProparty Relation betwasn a KPI calculation item and its analytical madel
AnalyticalMaodel Class Anzlytical maodal
hasKP1 ObjectProperty Relation betwean a KPPl calculstion item and its KFI
hasKPIType ObjectProperty Links a KPI with its type given as a skos concept
hasModelStoragelnfrastructure ObjectProperty Relation between an analytical model and its modal storage
infrastructure
ModelStoragelnfrastructure Class Maodsl Storage Infrastructurs
hasModelType ObjectProperty Links an analytical modal with its type given as a skos concapt
hasSingleKPIPaint ObjectProperty Relation between a single KP| assessment and its KPI
nt point
SingleKPlAssessmentPoint Class Single KPI assesment point
isEstimatedByModel ObjectProperty Relation betwesn a KPPl azsessment and its analytical model
KayParft v it (Class An specislization of s4city key performancs indicator assessmant
modelBaselineYear DatatypeProperty The bassline year of an analytical model
modelLocation DatatypeProparty The location of an analytical model
modelMame DatatypeProperty The name of an analytical model
model TrainedDate DatatypeProparty The training date of an analytical model
TimeSeriesPoint Class A class that represent a single point of a time series set of data
TimeSeriaslist Class A clzss that represent the whaole set of time series points == a list
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VIII.5. bigg4co?2
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concepts type comment

httpe//bigg-project.eu/ld/biggdco2# hittp: Afwww.w3.omm/2002/07 fowl | Ontology

appliesTo ObjectProperty The commaodity to which a CO2 equivalent emission factor appliss to.

Co2EquivalentEmissionsFactor Class The CO2 equivalent emissions factors are rates that quantifies a public utility
environemental impact. It can be based on time, thresholds or consumption;
howsever, combined CO2 equivalent emissions may also exist that mix more than ona
of these types.

forAbsolute TimeAtDay ObjectProperty The time interval in each day for which a CO2 equivalent emissions factor is applisd
{e.g., 8:00 to 10:00).

TimeBasedCo2EquilvalentEmissionsFactor Class A time-based tariff is a tariff that is based on time.

forWeekDay ObjectProperty The day of the wesk for which a CO2 equivalent emissions factor is applied (2.g., sach
Saturday and Sunday).

hasDuration ObjectProparty The duration of a CO2 eguivalent emissions factor.

hasPericd ObjectProparty The pariod of a COZ2 equivalent emissions factor.

forDaylnMonth DatatypeProperty The day of the month for which a CO2 equivalent emissions factor is applied (e.g.,
sach 15).

forVolumeConsumption DatatypeProperty The volume consumption related to a CO2 equivalent emissions factor (e.g., after
consumption of 1 ton).

ConsumptionBasedCo2EquivalentEmissionsFactor |Class A consumption-based CO2 equivalent emissions factor is a factor that is based on
consumption.

forVolumeFlow DatatypeProperty The volume flow related to a CO2 equivalent emissions factor.

Threshol dBasedCo2EquivalentEmissionsFactor Clazs A threshold-based CO2 equivalent amissions factor is a factor that iz based on a
threshaold.

hasStartTimestamp DatatypeProperty The start dats and time of a CO2 equivalent amissions factor.

Co2EquivalentEmissions Class Equivalent emissions of CO2.

GridDeliveredElectricity Class. Electricity delivered from the grid as a source for CO2 emissions.

LPG Class. Liguified Petroleum Gas as a source for CO2 emissions.

MNaturalGas Class. Natural gas as a source for CO2 emissions.

Propane Class Propane as a source for CO2 emissions.
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