European

Commission

JRC TECHNICAL REPORT

Harmonisation ofdatasetsof Energy
Performance Certificates of buildings
acrosskurope

ELISE Energy and Location
Applications
Final Report

SernaGonzalez, VHernandeaMoral, G.,
MiguetHerrero, F., Valmaseda,(CARTIF)

Martirano, G., Pignatelli, F., Vinci, F. (JRC)

2021

EalEbite

Enabling digital government through geospatial & loca

EUR30795 EN




This publication is a Technical report by the Joint Research Centre (JRC), the E@opeami ssi on’' s science and knowl
aims to provide evidencbased scientific support to the European policymaking process. The scientific output expressed does not imply a

policy position of the European Commission. Neither the European Coiomissr any person acting on behalf of the Commission is

responsible for the use that might be made of this publication. For information on the methodology and quality underlyidgtthased

in this publication for which the source is neither Eurostat nther Commission services, users should contact the referenced source. The

designations employed and the presentation of material on the maps do not imply the expression of any opinion whatsoevepart t

of the European Union concerning the legaltsi®of any country, territory, city or area or of its authorities, or concerning the delimitation

of its frontiers or boundaries.

Contact information

Name: Francesco

Address: Pignatelli
Email:Francesco.PIGNATELLI@ec.europa.eu
Tel.: +39. 0332786319

EU Sience Hub
https://ec.europa.euljrc
JRQ 24887

EUR30795 EN

PDF ISBN978-92-76-40827-7 ISSN1831-9424 doi10.2760/500135

Luxembourg: Publications Office of the European Union, 2021

© European Union, 2021

O)

The reuse policy of the Europe&ommission is implemented by the Commission Decision 2011/833/EU of 12 December 2011 on the
reuse of Commission documents (OJ L 330, 14.12.2011, p. 39). Except otherwise noted, the reuse of this document is authdeised
the Creative Commons AttributiohO International (CC BY 4.0) licenbétifs://creativecommons.org/licenses/by/3.a/his means that
reuse is allowed provided appropriate credit is given and any changes are indicated. Fosewoy reproduction of photos or other
material that is not owned by the EU, permission must be sought directly from the copyright holders.

All content © European Union, 202@unless otherwise specified)

How to cite this reportSernaGonzalez, V., Hernandez Moral, G., Mitieetero, F., Valmaseda, Rartirano, G., Pignatelli, F., Vinci, F.,

CJGQC Clcpew $ JIJma_rgml ?nnjga_rgmlg8 Sqc A_qgqc AF_agclossElsqg _r g ml md C
FinalReport EURB0795 EN Publications Office of the European Union, LuxemboR6@21, ISBN 97892-76-40827-7,

doi:10.2760600135, JRT24887.


mailto:Francesco.PIGNATELLI@ec.europa.eu
https://creativecommons.org/licenses/by/4.0/

Contents

Acknowledgements................ et e emmmm———— T

Abstract................. B

Executive Summatry................ e e e S

1 Introduction................. 6

2 Methodology for the analysis and the mapping exercise............ B
2.1 Files and tools used............... 8

2.1.1 Files used................. 8

2.1.2 Tools used................. a..
2.2 Methodology................. B B
Target Data Model (v2.1)............... S s B

4 EPCs Management process............. e em d2......
4.1 Management process for the EPCs in Spain............ 12
4.2 Management process for the EPCs in Castilla y Le6n regian.......... D

5 Target data model (v2.1and EPC Spanish National data madel............ S I A
5.1 Analysis of the Spanish EPC structure............. B Iy A

5.1.1 Analysis of the Spanish EPC content............. 17
5.2 Matching tible between EPC4EU v2.1 and EPC Spanish National data.madel........ccceeeemeeeeen . 180000

6 Results of the analysis............... 19
6.1 Results of the analysis 1: Code list values added............. LGA90
6.2 Results of the analysis 2: Proposed changes based on the analysis of the Spanish EPC model and the
comparison with the EPC4ELU.............. 22........

6.2.1 Proposals for adding or modifying............... 23...
6.2.2 Attributes eligible for deletion................ 280

7 EPCA4EU target data model (v3.0).............. 26....
EPCA4EU target data model (v3.0) and EPC Spanish National data model........ 27....

9 EPC4EU target data model and Castilla y Leon regidd &abase................ 28........
9.1 Mapping the EPC database in the EPC4EU target data model......... e s 28.........

9.1.1 Differences between Castillay Leon region EPC data model and the Spanish data.mdzi|
9.1.2 Classifications created................ 29..

10 Data transformation................. 33....

11 Difficulties encountered................ 31...
11.1 Completion of building section in EPC4EU (Spanish case)......... 31...
11.2 Other difficulties.................. 39..

11.2.1 Problem: Some elements aret correctly mapped................ — i« B
11.2.2 Problem: Incorrect encoding of the values assigned todghd:id of the building units......... 40...
11.2.3 Problem: Some identifierginl:id have the same id, and they should be unique............. 40.........

11.2.4 Problemgml:idcontains no valid characters............... 40......



11.25 Problem: Missing geometry for some buildings............. 40....

11.2.6 Problem: Date of validation not valid............... 41..
11.2.7 Problem: Date of construction not valid............... Sy I
11.2.8 Problem due to wrong encoding made by hale............. 42....
12 Results of the data transformation................ 43..
12.1 How to thematise the EPC4EU GML dataset in QGILS.3.......... 44....
12.2 How to visualise labels for each building.............. 48....
12.2.1 Creation of the functions to visualise labels.............. 49
12.2.2 Loading the function and the symbology............... ere e 54........
12.3 Visualisation of the results................ 55.....
13 Harmonized Energy Performance Certificates datasets............ ...58........
13.1 EPC4EU Target data model, version.3.0............ 58......
13.2 EPC harmonised datasets.............. 58......
13.2.1 Harmonised Trento ERfataset.................. 59......
13.2.2 Harmonised Castilla y Leén EPC dataset............ e e 60........
14 Web application................ Bl
14.1 Web App prototype analysis............... 6l....
14.2 Adaptation of the Web App................ 62.....
14.2.1 Difficulties encountered for the adaptation of the web app.............. 63....
14.2.2 Adaptation of the prototype................ e eeemmmmmm—————— e 83........
14.3 Final web application................ ceetreemmmmm s s e 64......
15 Conclusions................ JERRRN o Y2 U
List of abbreviations and definitions............... 69.....
List of boxes................. 70..
List of figures.................. 71..
List of tables................. 73..
ANNEXES. ..o i iiiiii e eccemmmmmnmnns 11 mmmmmmmmmmmmms s £+ £ et £ £ £ ¢ mmmnRmRmRmnns £« 5 SmmmmmmmmmmmRmS £ £ Smmr £ ¢ ¢ ¢ rmmnmenmnnn——— s 14.......
Annex 1. Spanish ERCXML version................ 74..




Acknowledgements

The results presented in this report were achieved thanks to the close collaboration with the Energy Saving and
Efficiency Department of the energy agency of Castillay Le6n regiGREN (Ente PubliBegional de la Energia
de Castilla y Ledn, Spain), acting as use case partner in the execution of the reported activities.

Special thanks to Lorena Hernandez Quirds of JRC/B.6 for her thorough review and her very valuable comments
and suggestions.

Authors

0 Victor Ivan SerngGonzalez, Gema Hernandez Moral, Francisco Javier Mitpreéro, César Valmaseda
(CARTIF Foundation, Valladolid, ES)

0 Giacomo Martirano, Francesco Pignatelli, Fabio Vinci (JRC B.6, Ispra, IT)



Abstract

Nowadays, datasets of Enerd@erformance Certificates (EPC) of buildings in Europe are highly heterogeneous:
they follow different EPC schemes making their comparison challenging.

This report shows in the first place how a Europeaide harmonised EPC scheme would be very benefioial t
compare EPC datasets across countries and regions. Secondly, it showcases how Regional Energy Agencies can
actively support energy efficiency policies.

The studyproposes a European data model named EPC4Eukng a methodology developed in 2017 to
harmonise EPC in ItaBndtesting it with real EPC datasets from Castilla y Ledn (Spain). The methodology can
be reused to generate new versions of the EPC4EU data model to harmonise EPC datasets from any Member
State.

Furthermore, the study documents a series of difficulties encountered duringhtirenonisation processand
the solutions adopted to overcome them.

Finally, he study also includes suggestions to use thesulting harmonised data in the QGIS softwaeand
documentsthe development ofa web applicatiordesigned tomake available the harmonised dataset to nen

GIS experts. The issues encountered in the web app adaptation and respective solutions adopted have been
documented to ease possible future web app exdems.

The describedactivities have been executed in the frame tife Energy & Location Applicatiorsf the ELISE (Europea
Location Interoperability Solutions for@overnment) action of the ISAZiteroperability solutions for public administrations,
businesses and citizens) Programme.

>



https://joinup.ec.europa.eu/node/701324

Executive Summary

The Digital Economy Unit of the EC Joint Research Centre (JRC), in cooperation with other services of the
European Commission, is coordinatingeth “ Eur opean Locati on | fGovwmnnoepter abi | i
(ELISE)", Action 10 of the ISA2 (Interoperability Solutions for Public Administrations, Business and Citizens)

Programme.

The ISA2 Programmsupportslong-standing efforts to create a Europ@aUnion free from electronic barriers

at national borders. It facilitates interaction between European public administrations, businesses and citizens,

by enabling the delivery of interoperable cro®®rder and crossector public services anby ensuringthe
availability of common framework and solutions.

The ELISE Action is a package of solutions facilitating efficient and effective electronic-bovder or cross
sector interactions between European public administrations, citizens and businesses darttain of location
information and servicesWithin it,the ELISEEnergy & Location Applicatiorconsist of a series of use cases

shownghow | ocation data can support different types of

different geographical scales, from local up to EU level.

In particular, the use case a m eHarmdonsation of datasets of Energy Performance Certificates of buildings
datasets across Europé aims to demonstrate the benefits of harmonising EPQEnergy Performance
Certificates)datasets acrossEuropearncountries and regionby reusing the methodologprovidedin the use
case "I NSPIRE Harmoni sat i on 1andapfilyihgitirottie Castila y Ldon region
(Spain.

The challengeaddressed bythis reportis that the EPC datasets1 Europeare very heterogeneousacross
countries andegions,as theyfollow different schemesmaking itscomparison vergifficult.

Havingavailade EPC datasethiarmonisedacross Europe would be beneficial firstly ttte Europeanlevel,
allowing the comparison of EPCs datasets from different regions aodntries and secondly for Regional
Energy Agencies, as valuable support to energy efficiency policies.

The use case has been executed into three steps:

0 Step 1, illustrates theEPC4Eldata model EPC4EU has helped producing harmonised datdsets Italy
and Spain. Most importantly, the same methodology can be easily rebgeathy Member State to generate
harmonised EPC datasets

0 Step 2, shows howeal EPC datasstin Castilla y Leéiaveharmonised usinghe EPC4Ethodel Results,
process, andlifficulties encountered during the transformation proceal®ng with the workarounds found
are described in detailRactical suggestiongo visuali®e the resultingharmonised dataets in QGlSare
included.

0 Step 3, documents the development & web application capdb of making accessiblehe harmonised
datasetto non GIS expert# first prototypeproducedin 2017 has been analysed, adaptednd reusedo
make accessiblsimultaneouslyEPC datasetsample fromSpain and Italy. The issues encountered in the
web appadaptationand the related solutions adopted, have been extensively documented to fused
in the context of possible future web app extensions.

A series of resources developed during the use case (e.g. UML data models, mapping tables, XSD applieatias, $c
examples of harmonised datand referred to within this reportare available for download in the dedicated JoinUp page

https://publications.jrc.ec.europa.eu/repository/handle/JRC104587
2 https://joinup.ec.europa.eu/node/704540
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1 Introduction

The ELISEnergy & Location Applicatioreonsist of aseries of use cases aimg to show how location data
can support different types of stakeholders engagedtee ner gy pol i ci es’ cycle at (
scales, from local to EU level.

I n particul ar, 0 n e Harnmonigative of déssets ot Emergy Serformaaam Eeattificates

buildings datasets across Europe ai med t o show the benefits of har moni
and regions, reusing the methodology applied in the use case "INSPIRE Harmonisation of EPC ofgbuildi

dat as et %and applyihgitanithe Castilla y Leon region of Spain.

The problem addressed by the use case is that the EPC datasets from different countries and regions of the EU
are very heterogeneous following different EPCs scheraes thentheir comparison is very challenging.

The availability of harmonised EPC datasets across Europe would be beneficial firstig BU level, allowing
the comparison of EPCs datasets from different regions and countries and secondly for Regional Energy
Agerties, as a valuable support to energy efficiency policies.

The use case has been executed into three steps:

0 Step 1, illustrates the EPC4EU data model. EPC4EU has helped producing harmonised datasets from lItaly
and Spain. Most importantly, the same methoolgy can be easily reused by any Member State to generate
harmonised EPC datasets

0 Step 2, shows howa subset of real EPC datasets in Castilla y Ledn has been harmonisid) thedata
model EPC4EU.

0 Step 3, documents the development & web application cagble of making accessible the harmonised
dataset to non GIS experts.

The overall methodology used to create a new version of the EPC4EU data model cap&ialenonisingEPC
datasets of Spain and Italy, starting from a previous version of the EPC4EU data model developed in another
use case to harmonise EPC datasets adhering to the Italian data model for EPC, is described inZettits

report.

The methodologyconsists of nine stepslescribed in details in sectiorfeom 4 to 9. In Annexurther details on
the national Spanish EPC data model gm@vided

Once the mapping betweethe source data model and the EPC4EU target data model has been perfo(med

Step 1), the next step waotharmoniser e al data using t he updthetaegdtdateer si on
model. The real data available for this purpose came from the EPC registdredCastilla y LeonQyL region,

provided by EREN (the regional organism of Castilla y Leon for the Energy Management). A sample of the
database with 2134 instances was made available for this 4im

The data transformation process is described in Section

In Sectionll, a series of difficulties encountered during the transformation proceissdescribedand the
corresponding solutions adopted. This section has been dividedvim main subsections. The first one explains
the problemof filling in the information related to theBuildingand BuildingPartfeature types. The second
subsection identifies the problems encountered during the harmonisation pro¢&sstical suggestions on
properly visualising the harmonised data in QGIS (one of the most popular GIS desktop tgmigyided in
Sectionl2.

The last activity executed during Step 2 of the use case was related to the visualisation of>té file
containing the harmonised EPC dataset in a GIS desktop tool. Subsequently, to make accessible the harmonised
dataset also by nofGIS experts, a web application usable from a browser has been developed and the related
activities described in this report.

3 httpsy/publications.jrc.ec.europa.eu/repository/handle/JRC104587

4 Itis important to note that the database contains not only the information stored in the EPC but also information added duei
uploading phase and also during the validating and storitgge in the database.
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In 2017, a first prototype of a similar web application was created for the use case "INSPIRE Harmonisation of
EPC of buildingsdaasets in Iltaly”, using two diahdiLeafletént web

Starting from this prototype, an updated version of the web Agxposing harmonized EPC datasets coming
from different sources, specifically from Castilla y Leén (E®y drom Trento (IT), representing the two EPC
datasets harmonised within two use cases of the ELISE Energy & Location Applications, has been developed.

The datasets and the target data model used during the harmonisation are presented in sd&ion

The web application is then described in sectibfy, starting from an analysis of the first prototype, then
describing the workflow for the reise of this prototype and finally presenting the final resulis visualiseall
the harmonized datasts with the same tool.

Conclusions are outlined in sectidb.

A series of resources developed during the use case (e.g. UML data models, mapping tables, XSDoapgticamas,
examples of harmonised data) and referred to within this report, are available for download in the dedicated JoinUp page

http://openlayers.org/

http://leafletjs.com/
https://inspiresandbox.jrc.ec.europa.eu/enefmijot/epc4eu/webapp/
https://joinup.ec.europa.eu/node/704540
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ma


http://openlayers.org/
http://leafletjs.com/
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/webapp/
https://joinup.ec.europa.eu/node/704540

2 Methodology for the analysis and the mapping exercise

This section explains the methodology for the analysis of HHRBCES data model and the contextual mapping
exercise toward the EPC4EU data modeie final objective of this analysis is to identify candidate elements
of a new version of the EPC4EU data model, capablmappingboth EPAT and EP{ES core datasets.

The first version of the EPC4EU data modgl/2.1) has beendeveloped as an extension of the INSPIRE
Buildings2D data modeko map all information present in the Italian data model for tli®ergy Performance
Certificates.

Other Member States could follothis mapping procesto update the EPC4EU data model to have a more
complete data model considerirtpe informationavailable in the nationaEnergy PerformanceCertificates.

In this sectionfirstly, the files that have been used for the needed analysiepious to the mapping processes
are listed. After thatthe tools used during all the process are alstentified. Finally,the methodology followed
for the mapping exercise (anir the harmonisationprocess)s described.

2.1 Files and tools used

2.1.1 Files used

For the whole process of mapping and harm&ing the Spanish dataset following the ER&rget data model,
a wide variety of files has been used. In this sectitre different types of files are listed, specifying the format
of the files and the content of theseThe relevant ones are available for download in the dedicalethUp

page
0 Schemaf the data malels and examples
b DatosEnergeticosDelEdificioSchema20.xsd: XSD application schema for Spanish EPC data model

b epcdeu.xsd: XSD application schema for EPC4EU data nioifielrent versions of the file were
used, manly versionsv2.1 (for the first analysis)and v3.

b EjemploTerciario.xfl virtual example ofXMLEPC file forthe tertiary sector provided by the
Spanish Ministry of Devepment in collaboration with CSIS (Consejo Superior de Investigaciones
Cientificas)

b EjemploResidencial . x#il virtual example ofXMLEPC file forthe residential sectarprovided by
the Spanish Ministry of Delepment in collaboration with CSIS (Consejo Superior de
Investigaciones Cientificas)

b Certificacién estado actual_completo_2.xralreal example ofXMLEPC file generated byan
authorised certifier.

These schemas caralso beopered and modified with a normatext editor.
0 EPC4EU UML project:
b EPC4EU_UML_Model v2.1:@dpdelof the EPC4Elh UML (Unified Modeling Language)
b Spanishcadastrefiles!':
A A.ES.SDGC.BWROD.building.gml: examplBuildingfile from Spanish cadaster
A A.ES.SDGC.BWRAD.buildingpart.gml: examplBuildingParfile from Spanish cadaster

A A.ES.SDGC.BLROD.otherconstruction.gml: examp@herconstructiorfile from Spanish
cadaster

0 EPBD Documentatio

9 https://visorxml.codigotecnico.org/static/docs/EjemploTerciario.xml

10 https://ivisorxml.codigotecnico.org/static/docs/EjemploResidencial.xml

1 The three files are included in a zip that could be downloaded fiutp://www.catastro.minhap.es/INSPIRE/Buildings/47/47900
VALLADOLID/A.ES.SDGE@700.zip
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b CELEX 32010L0031 ES TXTpdDIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF
THE COUNCIL

b CELEX 32018L0844 ES TXT}dDIRECTIVE (EU) 2018/844 OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL

0 Spanish EPCs documentation:

b 20150625 - Informe evaluaci@ energética edificio en formato el@®nico XML.pdf A PDF file
titled “Building energy asséd€¥sment report in XM

b 052000NEIS100 ES.pditandardiSO 520001 2017. Global evaluation of EPBD. Part 1: General
framework and procedurés

b 052000NXCN100_ES.pdfstandard ISO 520062 2017. Global evaluation of EPBD. Part 2:
Explanation and justification of the standafd

0 Italian EPC documentation:
b DM_Linee guida APE_allegatol.pdf
b DM_Linee guida APE_appendiceB_Template.pdf
b ManualeOperativeRedazioneAPE_ 16febbraio-2016.pdf
b Modulo G Edificio gestione dati generali.pdf
0 INSPIRBocumentation:
b Inspire_dataspecification_bu_v3.0.pdf: INSPIRE Data Specification on Budildings
b EPC4EU_MT_v2.1.xIsfappirg table, usedor the documentationof the mappingprocess

2.1.2 Tools used
The tools usedor the mapping procesare the following:

0 Enterprise Architecture Viewer 14.Build 1429 The tool is a readonly version of EA intended for
distribution with UML models, and free of chargripporting all viewing functions. This tool was usdar
analysing the UML model

0 hale studio: Version 3.5.0.releadsale studiois an application for helping in the creation of schema
mappings, allowing the transformation of data that conforms to the source schema to data that is
compliant to the target schema. The tool was usfked the creation of the mappings

0 Notepad++This tool is aext editorwith some special characterissc¢hat allow visualisinghe datamore
friendly. Alsqit caninstall plugins to increment its functionalitiedNotepad-+ was usedto visualisethe
XSD schemas, the EPCXNIL format and the GMtiles from cadaster

0 XML Copy editothe tool is an editor able to edit andasily validate GML filesXML Copeditor was used
to validate the XMLusing theXSDschemas.
2.2 Methodology

The methodology followed for the mapping processd the harmonisation process is explained below. It is
important to note that some of the steps were iteratiigecause information already analysed must be re
analysed once knowledge of the problem increases in subsequent steps.

12 https://eurlex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32010L0031&from=EN

B https://eurlex.europa.eu/legatontent/EN/TXT/PDF/?uri=CEL EX:320181 0844&from=EN

4 https://visorxml.codigotecnico.org/static/docs/20150625%20
%20Informe%20de%20evaluaci%C3%B3n%20energ%C3%A9tica%20del%20edificio%20en%20forra@eiéetr%C3%B3nico%
20(XML).pdf

15 https://www.iso.org/standard/65601.html

6 hitps://www.iso.org/standard/68232.html

17 https:/linspire.ec.europa.eu/id/document/tg/bu
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The steps related to the mapping process are

1.

Study of the INSPIRE Data  Specification onBuildings  Specifically the
Inspire_dataspecification_bu_v3.0fpile was analysed to have a clearer vision of th&ISPIRE
directive in general and the Buildingtata modelin particular This is the base of theEPC4EU data
model.

Study the EPBD directives (2010 and 2018). Nersionspublished inthe Spanish language were
analysed: DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THEnG&€OUNCIL
DIRECTIVE (EU) 2018/844 OF THE EUROPEAN PARLIAMENT ENIBDORNCHLhe analysis of the
information contained in this directive was important to understand the generation of the certificates
(the meaning of the different terms, the acronyms, etc.)

Study of theSpanishnormative:Documents Standard ISO 520002017 and Standard ISO 5200@
2017 about energy efficiency in buildings.

Study of the Spanish EPC Data Model. Complementinghtvenative informationwith the real and
virtual examples of the EPCxifnl files).

Analysis of the XSD scheamfor the Spanish EP@ata model using the XSD itself and the
documentation related20150625 - Informe evaluacion energética edificio en formato elec XML.pdf.
This analysis is closely related to the previous step.

Analysis of the XSD schearfor the EPC4EU data model and withethelp of the EPC4EU UML project.
Also Italian documentation was consulted to understand some of the parameters that mainly came
from the Italian EPC datamodel.

Completingthe EPC4EU_MT_v2.1.xtsapping tableconsidersthe target data model and the souec
data mode| in this case the Spanish data modelStep 7 finalises the mapping process. However
some stepsare needed for the subsequent process, th@monisation :

Usingthe hale studio tooto mapthe target data model and the source data model. In this stiepvill

be confirmed the suitability of the mapping indicated in theapping table

Analysis for thedata model strictly related to th&uilding sectiorfinherited by the INSPIRE Buildings2D
data model) It is needed to study the informatiocontained inthe EPC and that contained in Spanish
cadaser to know what information could be mapped the building section of the target data model
with more accuracy.

10



3 Target Data Model (v2.1)

The version of thearget data model for the EPCs used for the mapping exercise has been develtpiddg
as a basis real EPC datasets found in Trefitaly), already harmonised according to the Italian EPC data model
Thetarget data model has been nam# EPC4EWA UMLrepresentatiorof the data model isshownin Figurel.

Figure 1. EP@EUdata model, version 2.1.
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+ externslReference: ExternaiReference [0.*] ificate + energyConversationSystemCode: CharacterString
+  heightAboveGround: HeightAboveGround [0.] + aC 0.1
+_name GeographicaiName (0.°] + buildinginfo: Bulldinginfo (0.1] + nominalPower. Measure [0.%]
+  certificateCode: CharacterString [0.1] + ]
+ cortificateObject: CertificateObjectvalue [0.1] + registrationNumber: Characterstring [0.%]
e +  climaticZone:ClimaticZonevalue (011 +  yearOfinstallation: Gate 0.1]
yoe 4+ currentuseThermal: CurrentuseThermalvalue [1.%]
Soldingiions::Nostroctuiding +  dateOfBuildingPermit: DateTime (0.1] 7.
x +  dateOfExpiration: DateTime [0.1] z
) + dateOfinspection: DateTime [0..1] AhasEer ondpmen .t
+  buildingNature: BuildingNaturevalue (0.*] + dateOfissue: DateTime [0.1]
+ currentUse: CurrentUse [0.] = 7
+ dateOfTransmission: DateTime [0.1]
+  numberOfBuildingUnits: integer [0.1) + eaiConssmotion aiEnsrey .31 “hasCertificate
+ numberOfDwellings: Integer [0.1] i
+  numberOfFioorsaboveGround: Integer [0. 1] + energyPerformance: EnergyPerformance 01
- [e.a]
. 1]
s - + fo-11 “festureTypen
StaeTypes wvoidables| SfestureTipes + heatingDegreeDays: nfeger (0.1] Energysystem
BuildingsBase:: BuildingsBase:: +  Inspireid: identifier
buiiding o3| Sudngpare B B ©.11
+ note: Characterstring 0.1] + EPnren: Measure (011
+ ownershipType: OwnershipTypevalue [0.1) shasnergySystem, |+ EPren: Measure [0.1]
+ recommendedintervention: intervention [0.*] o= ) acmiaaleicicncy: Oecins| 0-11
+ softwsreRefecence: SoftwareReference (0.1]

o

shascetificate /[\ 0.1 +hascertificate [\0.1 +hasEnergySystem

/{l [

festureTypes

+  geometry20: BulldingGeometry2D

4buildingunit

sfeatureTypen
4 avoidables

Buildings20::

4 peometry20: BuildingGeometry20 [1.*]

legend:
Yelow: new classes (FT)
Orarge: classess (FT) inherited by BuildngsExtended2D but
modfied (sdded attributes)

Sourceown creationJRC, 2019.
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4 EPCs Management process

The Energy Performance of Buildings Directive establishes the obligation of Member States to issue Energy
Performance Certificates and specifies some criteria that need to be followed. Each country npulshient

this Directive to ensure its compliance. In fagt each Member Statethe issuing process follows the same
structure but there are several differences between thehese differencesre in the calculation methods,

the input data required fothese calculationsthe way to manage the register (ahe national or regional level,

for example).

In this section the management process for the EPCs in Spain is explained, emphasizing the description
regarding the process in Castilla y Leon region.

4.1 Management process for the EPCs in Spain

In this sectionthe process followed in Spain for the management of the EPCs is explained. A summary can be
seen inFigure2.

Figure 2. Management process for the EPCs followed in Spain.

% Definition of an XSD data schema at national level and validations of (free) tools to be
% used for the calculation of the EPCs

- T TTTTTTTTTTTTTT T m A m T
| In each region |
1 \ |
- Monitor and validate results | 1
: 2 Col'\ect e r'esu\'ts Frichand Store of certificates (a sample) |
= EPC Register (maintained by information (differentin I
: 9 each region) each region).In a :
1 8 \ database if available Make data publicly available ) :
: a4 (different type of data for i
1 XML Complete information and each region), if available in 1
: PDF check certificates’ completeness the region ) :
|

Generate the EPCs
through the validated
EPC Tools (XML)

%)
o
L
L
=
o
L
|9
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In the case of Spairnthe data to be presented has been defined and also the way to present this data. There
are two waysto present the data: in PDF format or XML format. Both ways can be presented to the
administration in Spain. The XML file contains all of the information required in an EPC in Spain and also
information used during the calculation process.

For the creatio of both EPC files, different EPC calculation tools are available. Only those EPCs issued by official
tools recognised by the Spanish Ministry for the Ecological Transition and the Demographic Challenge are
admitted into the EPCs registéfsThese toolfHULC, CERMA, CEX and CE®éYed by private entitieshave

been made available freely to the public to issue EPCs. These will be deployed by a professional certifier, who
will be able to evaluate the performance of both existing and new buildings (ddipgnon the tool) and also
residential or tertiary buildings, either individual (individual assessment of a dwelling or commerce) or multiple
(assessing a complete building block).

Consequently, the requirements and methodologies to calculate an EPC tie¢ 88 national level, having
common EPCs (in PDF and Xtsions) in the whole countgnd energy labels.

18 hitps://energia.gob.es/desarrollo/EficienciaEnergetica/CertificacionEnergetica/DocumentosReconocidos/Paginas/procedimientos
certificacionproyectoterminados.aspx
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Althoughthe model has been defined at the country level in Spain, the jurisdiction to manage the EPCs has
been establishedo the regionallevel. The PDF and XML file common nationwide has to be submitted to the
regional EPC registers. Alsither complementary services related to the EPCs, for example, the possibility to
provide a catalogue with public data from ER@se managed by each region independently.

The processethat are dependantson each region are:
1 The collection of the EPCs files
1 The completion of the information and the verification of the completeness
i The storage of the EPCs fid€orgarized in a registeit the regional level
1 The monitomg and validation of the values in the certificates, typically a sample of the EPCs

9 The publication of part of the EPCs valuyésossible.

Depending on the regigithese processes are present or n@esidessome of these processes araligitally
automatedor not.In regionswhere the storage is done digitally and automatigallprocesses as verification
and validation are more efficient and accurate.

The table below Table 1) shows the processes related to the EPCs availablenerby eachautonomous
community.In Spainthere are 17 autonomous community artd/o autonomous cities, so 19 regions in total.
The possibility to register the EPCs in an online way is available in 16 of these 19 regions.

Anotherservice that can be provided is the publication of the registered EPCs (or some values of them). In the
case d Spain, this service is available in 12 autonomous communities. However, in each régganethod to
search the data and the data offered publicly is very heterogeneous. For example, only in 4 thgions

the information is geelocated, and onlyri 3 of them, the information is more detailedhan simply the value

of the Energy label.

Another issue to be taken into account is that only timo regions is it possible to automatise collecting
information from theEPCsegister in an automased and pulblic way using Application Programming Interface
(APIs). These regions are Catalufia and Castilla'y Leon.

Table 1. EPCs processes addressed by each autonomous community in @g#irinks in some of the cells)

o —
o 2 3 .2 o s2| 9| 23 |gf
39 @ 2 o 5 = = 9 3 o s S
3 8 Y 91' = o o 2 = 0 @ =2 =
S 3 S 23a c c & S 8 r=ls 5 =
=} Q n Q o) @D — o QD )
g2 @ © o 3 -3 o 8 ) oo
2 < < - & ®
Andalucia Onsite and Yes | Form for Yes No Only one label| No
online selecting (not exact
certificates value)
Aragén Onssite and Yes | Form for Yes No Only two No
online selecting labels (with
certificates value)
Asturias Onsite and Yes | Only onsite No N/A N/A No
online
Baleares Onssite and Yes | Only one label Yes No Only one label| No
online (not exact (not exact
value) value)
Canarias Onsite and Yes | Only onsite No N/A N/A No
online
Cantabria Onsite and Yes | Only onsite No N/A N/A No
online
Castilla la Onsite and Yes | Form for Yes No Only two No
Mancha online selecting labels
certificates (without
value)
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https://www.juntadeandalucia.es/servicios/procedimientos/detalle/1807/datos-basicos.html
https://www.juntadeandalucia.es/empleoempresaycomercio/efic_ener_consulta/listadoExpedientes.do
https://aplicaciones.aragon.es/regcee/
https://aplicaciones.aragon.es/regcee/consulta.xhtml
https://sede.asturias.es/portal/site/Asturias/menuitem.46a76b28f520ecaaf18e90dbbb30a0a0/?vgnextoid=e5a855e16bb3e310VgnVCM10000098030a0aRCRD
https://www.caib.es/seucaib/es/tramites/tramite/1542609
http://www.caib.es/siciefront/certificadoenergetico/
https://sede.gobcan.es/ceicc/identificacionmenu
http://dgicc.cantabria.es/detalle/-/journal_content/56_INSTANCE_DETALLE/16626/2199441
https://datosabiertos.castillalamancha.es/dataset/registro-auton%C3%B3mico-de-certificados-de-eficiencia-energ%C3%A9tica-de-edificios-de-castilla-la-0
https://datosabiertos.castillalamancha.es/dataset/registro-auton%C3%B3mico-de-certificados-de-eficiencia-energ%C3%A9tica-de-edificios-de-castilla-la

3 2 S 1.2 g |sz| 9| z§¥ |sz
38 » Q3 & g —. o =g 28
33 Py = o o B = O g @ gg
5 3 S, 8 & S S0 | °8 c 2 S5
&9 @ 27} 2 23 o 8 oo
2 <2 3 B = =5 ®
Castillay Onssite and Yes | Form for Yes Yes Complete Yes
Ledn online selecting
certificates+API
Catalufia Onsite and Yes | Form for Yes Yes Complete Yes
online selecting
certificates +
API
Ceuta Onsite No Only onsite o} N/A N/A No
registration
Extremadura| Onsite No Only onsite (o] N/A N/A No
registration
Galicia Onsite and Yes | Form for Yes No Only two No
online selecting labels (with
certificates value)
La Rioja Onsite and Yes | Form for Yes Yes Only two No
online selecting labels (with
certificates value)
Madrid Onsite and Yes | Form for Yes Yes Only label No
online selecting
certificates
Melilla Onsite No Only onsite o] N/A N/A No
registration
Murcia Onsite and Yes | Only onsite o} N/A N/A No
online
Navarra Onsite and Yes | Form for Yes | Indirectly Complete No
online selecting
certificates
Pais Vasco | Onsite and Yes | Form for Yes No Only label No
online selecting
certificates
Valencia Onsite and Yes | Form for Yes No Only label No
online selecting

certificates

Sourcepown creation, CARTIF, 2019.
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https://servicios3.jcyl.es/seye/login.jsp
https://servicios3.jcyl.es/seye/login.jsp
https://datosabiertos.jcyl.es/web/jcyl/set/es/energia/certificados-eficiencia-valladolid/1284543419075
https://ovt.gencat.cat/gsitgf/AppJava/traint/renderitzar.do?reqCode=inicial&set-locale=es_ES&idServei=ENE001SOLC&urlRetorn=http%3A%2F%2Fweb.gencat.cat%2Fca%2Ftramits%2Ftramits-temes%2FCertificacio-eficiencia-energetica-edificis-00002%3Fcategory%3D9e3f7ac5-af58-11e3-9e75-000c29052e2c%26moda%3D1&idPDFDownload=190924090358
https://analisi.transparenciacatalunya.cat/es/Energia/Certificats-d-efici-ncia-energ-tica-d-edificis/j6ii-t3w2
https://analisi.transparenciacatalunya.cat/api/views/j6ii-t3w2/rows.csv?accessType=DOWNLOAD
http://appsinega.xunta.es/rgeee/web/altaValUsu.php
http://appsinega.xunta.es/rgeeeold/web/listadoPublic.php
https://www.larioja.org/industria-energia/es/energia/certificacion-eficiencia-energetica-edificios/inscribir-certificado
https://www.larioja.org/industria-energia/es/energia/certificacion-eficiencia-energetica-edificios/consulta-base-datos
https://gestionesytramites.madrid.org/cs/Satellite?cid=1354209251044&c=CM_Tramite_FA&noMostrarML=true&pagename=ServiciosAE%2FCM_Tramite_FA%2FPSAE_fichaTramite&pageid=1255430110037
https://gestiona3.madrid.org/reee_etiqueta/showBuscadorEtiqueta.jsf
https://sede.carm.es/web/pagina?IDCONTENIDO=411&IDTIPO=240&RASTRO=c$m40288
https://www.navarra.es/home_es/Servicios/ficha/3214/Registro-de-Certificados-de-Eficiencia-Energetica-de-Edificios
https://administracionelectronica.navarra.es/webCertificacionesEnergeticas/BuscarCertificado.aspx
https://www.euskadi.eus/certificado-eficiencia-energetica/web01-a2indust/es/
https://apps.euskadi.eus/y67paUtilidadSeccionWar/utilidadSeccionJSP/y67painicio.do?idDepartamento=51&idioma=es
http://gcee.aven.es/es/tramites-de-la-certificacion
http://gcee.aven.es/es/consultas-publicas-de-certificados-de-eficiencia-energetica

4.2 Management process for the EPCs in Castilla y Ledn region

In this sectionthe process followed ilCastilla y Leon regioto managethe EPCs is explained.pictureof
this process can be seen in the followisghemeshown inFigure3.

Figure 3. Management process for the EPCs followed in Castilla y Leon region.
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The processes are similao those explained in the previous section, liuis highlighted that thesgrocesses
follow a workflow with a digital infrastructureln the Castilla y Leon casé¢he organism in charge of managing
the EPCs registration is ERERh{e Regional de la Energjia

The processes are the following:

1. The user(certifier) creates the certificate with the software The documented generated are three
a. EPC in XML format. This file contains all the information mandatory for the Spanish EPC
b. EPC in PDF format. The EPC in PDF format contains a part of the information (practically all
the information) but in a more visual way
c. File with the calculation. This file mxported by the software application and uséal create
the EPCs and contains all the information ustedcalculatethis. Dependingon the tool, the
file would have a different format corresponding to the used tool.
2. The user uploads thEPCThe information added is:
a. EPC in XML format
b. EPC in PDF format
c. File with the calculation
d. Application for registration. This application has to be filled toagal the EPC. It is important
because more data that are not present in the EPC are added.h&réeast the information
added is
i.  The use of the building (the use fdne tertiary sector is specified)
i.  Software used (more information than in the EPC cooédadded)
e. Assignment document. Document whetlee owner grants permissioto register it on his
behalf. It has a standard format.
f.  Others. Other complementary files can be uploaded
3. EREN collects the information
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4. EREN enriches the datey adding additionalrformation and classifying some of them. At least the
coordinates are adeld (in a semiautomatic way)and some parameters of the energy conversion
systems are mapped usingodelists.

5. The information is stored in the database

6. EREN carries out validation$ a random sample of the EPCs, doing a new certification process and
comparing the results

7. Some data of the certificates are shown on the web page of the EREMe data are availsle online
to be consulted. The data to be consulted are offered in twoeti#int ways:

a. Ina consultation service
b. Geoclocated in a map
c. Through an APhy downloading the entire data of each province

19 https://servicios3cyl.es/seye/login.jsp
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5 Target data model (v2.1) and EPC Spanish National data model

5.1 Analysis of the Spanish EPC structure

The Energy Performance Certificates issued in Spain share the same structure and informatf@rattional

level.ln Spainthe EPCs currently have to be submitted in PDF version and XML version. While both are similarly

structured, the PDF version is pleyed as information meamand holds the most important data, while the
XML versiorcan hold a higher amount of data, some of which is option@he information contained in both
documens is shown in the documerit | nf or me de evalu&@tccon enef?P.émhat a

In this case the matching between the EPC Spanish National data model and the target data model will be
done using the XML format file, in which the information is more completed and organized in a way more
digitally manageable.

5.1.1 Analysis of the Spanish EPC content

In this sectiona short description of the sections encountered in the EPC in XML foisnsthown.To find out
what specific data is included in which sections of the PDF vergilease refer to Anned. Belowthe different
sections of the XML file are listed and explained.

It is worth mentioning that even though the amount of data presented in the XML version is hangar than

the one presented in the PDF formatany attributesare identified as "optional”, otherefer only to residential

or tertiary buildings andanother express the compliance of the building with the national building code. In the
information below, only the mandatoryattributes have been mentioned, whereas in annkx complete view

of the XMLattributes can be observedso, the parts of the EPC in XML format are:

0 Building identification Iflentificacion del edificio The building is identified by its name, address,
municipality, climatic zone etc. Alsthe normative framework is expressed, asgell as its cadastral
reference. The type of building or part is defined: existing vs new building, residential vs tertiary and if it is
referred toas a whole building or just a part of ifThe dataset "Certification method deployed and version".

0 Certifier's data Datos del técnico certificadpiddentification of the certifier: name, address, email, etmd
type of title that allows them to issue EPCs and the procedure deployed to issue the EPC.

0 General data and building geometrpétos gemrales y geometria del edificiolnformation about the
geometry of the building and also about the floor surface, building picture, building plan, DHW demand,
number of floors above and below ground, volume, percentage of hdateled surface, window /jpaque
surface ratio, ventilation etc.

0 Building envelope datdDatos de la envolvente térmigaDescription of opaque surfaces (name, type,
surface, Uvalue and how it has been calculated) and openings (hame, type, surfavalug, solar factor,
and how tley have been obtainedExtended and nomandatory data on what is provided include
information on layers of opaque surfaces, thermal bridges and the orientation of the listed elements.

0 Building thermal energy systems' dat®étos de instalaciones térmicag-or every heating and/or cooling
generator: name, type, nominal power, efficiency, type of energy and how they have been obtained. Daily
hot water demand and per system: name, type, nominal power, efficiency, type of energy and how they
have been obtaiad. Alsg"nominal performancefs present.lt is worth mentioning that the categories
referring to auxiliary heating or cooling systems, cooling towers and ventilation and pumping only apply to
tertiary buildings.

0 Lighting systems' datdDatos de instalaiones de iluminaciGnSpace, installed power, efficiency, average
illuminance and how they have been obtained.

0 Functioning and occupancy conditigi@ondiciones de funcionamiento y ocupagi@pace, surface and use
type.All of these values refer only teertiary buildings.

0 Renewable energyEnergias renovablgsDescription of renewable energy sources in the building and
percentage of the energy consumption covered. Besill@scludestwo datasetsthat represent the savings
in primary nonrenewable enggy and the emissions reduction. However, these are optional values.

20 https://energia.gob.es/ess/Participacion/Documés/propuestadocreconocidecertificacionenergetica/Informeevaluacion

energeticaedificio-formato-electronico.pdf
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0 Demand(Demanda. In this categoryit can be observed that all the values are optional except for global
energy demad (heating, cooling, DHW etcThe only two datasets appearing the PDF are the heating
and cooling demandare optional in the XMLOther values to be found in this section refer to demand of a
reference building according to legislation or compliance with the Spanish building code, all of them
optional.

0 Consumption Consumd. Except for a general correction factoall of the values are optional in this
category. The values presdnare global, heating, cooling DHW and lightniognsumptionEven though
they are optional, the additional datasets provided in the X related to energy conversion factors from
final energy to norrenewable primary energy and from final energy to CO2 emissions in every type of
fuel. Also some values related to compliance with the Spanish building code are included.

0 Emissions Emisione} All of the datasets included in the PDF version correspond to the ones expressed in
the XML version, which document the CO2 emissions of the buildov@erningheating, cooling, DH,
electricity etc. However, all of them except for the global emissiaresmarked in the XML as optional.

0 Building energy labelGalificacién energética del edifi¢idhe building energy label is described according
to different criteria (such as demand, nenenewable primary energy, and CO2 emissions) both in the XML
versian and the PDF versioAll of the values correspond in both versions; howeweaty global values and
the description of the different energy label grading systems are marked as mandatory.

0 Improvement measurefMedidas de mejorp All of the datasetsare gresent in the PDF versiotowever,
the ones marked as mandatory in the XML version correspond to global labels, that is, not disaggregated
in heating, cooling, lighting etc.

0 Tests, checks and building inspections performed by the certifendbas, combaciones e inspecciones
realizadas por el técnico certificadorSection devoted toreferring to the visits performed to the
buildingdwelling and any relevant comment that needs documenting

0 Customised data@atos personalizadgsSection devoted to thenclusion ofanother type of data not
contemplated in the previous sections can be generated by the different software. This category is not
contemplated in the PDF version and the XML verstds marked as optional.

5.2 Matching table between EPC4EU v2.1 and EPC Spanish National data model

After analysingthe EPC Spanish National data modbke next stepcomparesit againstthe target data model

named EPC4EU vZ1 The matching table between EPC4EU v2.1 and EPC Spanish National data model reflects
this comparison, indicating the elemés from the EPC4EUhodel that are present in the EPC Spanish National
data model and their characteristics (multiplicity, format, description, efcgimplifiedmatching table can be

seen in Annex 2The completeversion,in the original excel format, is provided amn external annex to the
report

2l https://inspiresandbox.jrc.ec.eurogayenergypilot/epc4eu/datamodel/2.1/html/
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6 Results of the analysis

The final objective of this analysis is to identify candidate elements of a new version of the EPC4EU data model,
capableof mappingboth EPAT and EPES core datasets.

The final objective of the analysis is to adapt the target data model taking into account the Spanish model. For
this reason the results to be obtained are those related to the changes to be applied in the data model (that
can be explitly indicated in the excel mapping tablahdthe values that some parameters could gespecially

for the codelist values.Code listsare lists of possible values that a determined attribute could have.

6.1 Results of the analysis 1: Code list values added

In the study some codelists have been updatedtaking into account the values that the parameters of the
Spanish EPCs could have. In the following taptee different codelists updatedcan be seerand how the
values are classified. Sometimes codelist has to be increased with new valugand sometimesthe pre
existent values in the codkst are directly mapped with the values of the Spanish EPC. Thevafitks added
inthe” E P C 4diitdri indicatevaluescreatedto embrace the data belongingp the ES EPC possible values.

Table 2. Codelist for EnergySystemCategoryValue

EnergySystemCategoryValue

EPC4EU
spaceHeating

spaceCooling

ES
Calefaccion

Refrigeracion

domesticHotWater ACS
lighting iluminacion
Table 3. Codelist for EnergyCarrierTypeValue
EnergyCarrierTypeValue
EPC4EU ES
electricity ElectricidadPeninsular
ElectricidadBaleares
ElectricidadCanarias
ElectricidadCeutayMelilla
naturalGas GasNatural
LPG GLP
coal Carbon
solidBiomass BiomasaPellet
liquidBiomass Biocarburante
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gaseousBiomass

BiomasaOtros

diesel

GasoleoC

Table 4. Codelist forenergyPerformanceLabelValue

B B
C C
D D
E E
F F
G G
A A
notQualifiable N.C

Table 5. Codelist for ClimaticZoneValue

Spain/A3 A3
Spain/A4 A4
Spain/B3 B3
Spain/B4 B4
Spain/C1 C1
Spain/C2 Cc2
Spain/C3 C3
Spain/C4 C4
Spain/D1 D1
Spain/D2 D2
Spain/D3 D3
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Spain/E1 El

Table 6. Codelist for ScopeValue

existentConstructionCertification CertificacionExistente
existentConstructionVerification VerificacionExistente
existentConstructionCertificationVerification CertificacionVerificacionExistente
newConstructionCertification CertificacionNuevo
newConstructionVerification VerificacionNuevo
newConstructionCertificationVerification CertificacionVerificacionNuevo

Table 7. Codelist forSurfaceTypeValue

conditionedSurface SuperficieHabitable

Table 8. Codelist forvVolumeTypeValue

conditionedVolume VolumenEspacioHabitable

Table 9. Codelist forQualityValue

A A
B B
C C
D D
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Table 10. Codelist forCertificateObjectValue

CertificateObjectValue

EPC4EU ES

wholeBuilding BloqueDeViviendaCompleto
ViviendalndividualEnBloque

EdificioUsoTerciario

realEstateUnit ViviendaUnifamiliar

LocalUsoTerciario

6.2 Results of the analysis 2. Proposed changes based on the analysis of the
Spanish EPC model and the comparison with the EPC4EU

This analysis is focused on the EPC elemattifferent from those related to buildingRuildings BuildingParts
and BuldingUnit¥, so it is focused on the elementEertificate Certifier Professiongl EnergySystenand
EnergyConversionSystem

Theanalysis hasbeen done taking into account the folldng aspects:
0 Some importantattributes not present in the EPC4EU target data model and present in the ES EPC data
model could be incorporated.

The name of theattributes has to be clear enough and should include the Spamihibutes.

0 The multiplicity ofall the attributes has been studiedThoseattributesthat are 1 or 1..* and they are not
present in the Spanish data modehe multiplicity has been changed to 0 and Qréspectively. For those
attributes with a multiplicity of more than one in the $mish data model but are 1 or 0..1 in the target
data model, the multiplicity of these last ones hagen changed.

0 Theattributes that exist in the EPC4EU target data model but are considaraignportant, taking into
account the analysis of the ES EPC datadel have been identified
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6.2.1 Proposals for adding or modifying

Studying the target data model and analysing the Spanish data model (chedkimgompletedescription of

each element and all the information related set of proposals were made. These proposals were evaluated

to decide if they are incorporated or nointo the EPC4EU target data model.

1. Inclusion EPc,nd

Motivation : Thesevalues,EPc,ndrepresent the cooling demand of a buildingking into accounthe characteristics of the
envelope. In the EPEU, the value related to the heatin@Ph,nlis present but not that related to the cooling. In son
regions the cooling demand is as important as the heating demand.

Proposed action: EPc,nd could be inted at the same level that EPh,nd

2. Inclusion C@emission Label

Motivation : In Spanish EPC, thereaisating for the EPgl (energy performance for the primary energy «rfenewable) and
CO2 emissions, cooling demarahd heating demand. In the case oboling and getting demand rating could be relatexd
EPWinterQualitand EPSummerQualitfHowever, the rating of the G@missions is not present.

Proposed action: CO2EmissionLabel could be included at the same level that CO2Emission

3. Inclusion ofestimated cost of the recommended intervention

Motivation : In Spanish EPC, there is information about the cost of each measure or intervention, so this informal
more directthan the information contained in thénvestmentReturnTimghat is processednformation

Proposed action: estimatedCost could be included in thecomendedinterventiooomplexType

4. Inclusion nominal efficiency to the energy Conversion Systems

Motivation : In Spanish EPC, the nominal efficiency is associated with the energeiion systems, nowith the energy
services. In fagtthe most important parameters of the energy systems are the nominal power and the efficie
parameters that characterise one system.

Proposed action: a nominalEfficiencyfield should be included ithe EnergyConversionSystem element at the same ¢
that nominalPower

5. Changing multiplicity in some of the certifier fields and the format of one of them

Motivation : Some of the fields in the certifier part are presented with a multiplicity offhese fields are: certifierCategory
certifierDesignationCode and certifierDesignationDescription. The first is prese®panish but not the resBesidesthe
certifierCodé s d e c lind forenat, bat this Value also has alphabetic values in the S{=nEPSE.

Proposed action: the multiplicity of these elements should be O..teftifierCategory certifierDesignationCodand
certifierDesignationDescription). Besides, the valueceftifierCodeshould be characterString.

6. Changing the name of the tarvention description

Motivation : The values that this parameter can take are very specific and related to the Italian model. In the Spanis|
model there is no information about the interventiofut there is information about the motivation of theectificate
procedure

Proposed action: The name of the field should be changed to scdpe real meaning of the parameter

7. Modifying thedateOfinspection

Motivation : In Spainthe certifier can do more than one visit for the inspections. So in SpalistCs could be more than

one dateOflnspectionbut in EPEEU the dateOflnspectiommultiplicity is set to 0..1. Besidethe Spanish EPJzas a text
field about the aim of the visit, related talateOfInspection
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Proposed action : the multiplicity of dateOtihspection should be changed from 0..1 to 0..*. For the second part, a field{with
the objective of the visit (string) could be added to the dateOnlnspection (a complex type should be built)

8. Creation of InterventionType field for gathering all the paugters related to intervention

Motivation : A set of fields in the certificate element related to the interventionuld be grouped in onmterventionType
The fields are:

energyPerformanceAchievable
energyPerformancelmprovement

recommendedIntervention

Proposed action : The values could be shifted to one new categongerventionTypén the certificate element.

9. Shifting of ownershipType from certificate to another type more adequate

Motivation : The ownershipType is a characteristic of the building, etdted directly to the certificate

Proposed action: The ownershipType could be shifted to buildinginfoType element or other elsmente related to
building

10. Changing the cardinality of the nominal Power

Motivation : For each EnergyConversionSystem have only one nominal power.

Proposed action: The cardinality of the nominalPower could be changed from 0..* to 0..1

11. Inclusion of the EPc,nd,Lim value

Motivation : In the Spanish Certificate not only EPhndLim could be present, but also EPcridlseme regions could be
more important than EPhndLim.

Proposed action : The EPcndLim could be included at the same level that EPhndLim.

12. Inclusion of more information about demand

Motivation : In Spanish EPGse presentot onlythe Heating and Cding valuesregarding the demangdbut alsothe global
one (EPnd,gl) antthe value for the DHW.

Proposed action : EPnd,gl and EPdhw,nd could be included at the same level that EPh,nd

13. Inclusion of information of CO2 disaggregated

Motivation : In ES ER@here is information about C£disaggregated:
CO2 emissions- Heating

CO2 emissions- Cooling

CO2 emissions DHW

CO2 emissions- Lighting

CO2 emissions Electric consumption

Proposed action: If it is considered important, some of the disaggregated fielebuld be included, for exampleeating
and cooling emissions.

14. Inclusion Label scale

24



Motivation : In Spanish ER@e scale used for assigning the Label is available for each label ®althe scale is indicated

with the maximum limits values of each e v e | (maxi mum of A val ue, maxi mum| of B ..

scale. For examp|én Spainthe limits of the scale varyconsideringhe climate zone and the use (residential or tertiary).

Proposed action: At least for the main value of ta certificate (EPgl), the values of the scale usalldbe included (using
for example EPLabelScaleType with energyPerformanceLabelValue usedagcodet i n t he “type”
“value” field the mexespondingldvddmi t value for the

15. Changing the name of two parameters: EPWinterQuality and EPSummerQuality

Motivation : In Spanish EPCs there are similar values to thespresentingthe label for the heating demand and the
cooling demand. In theeatingcase the EPWinterQualitgnd the Spanish Label for the heating demand represi same
value. In the ooling casethe EPSummerQualityould be considered the same Label for the cooling demand.

Proposed action: The names could be changeePWinterQualitjo EPmdLabeland EPSummerQualitto EPcndLabelThe
values of the Italian data sources could be assigned as levels dfsihie decision is not to change the names, the names
from Spanish levels should be included.

6.2.2 Attributes eligible for deletion

The main candidates for deletion are thosétributes that are neither present in th&panishdata model nor
the Italian data model(they are related to a previous version of the EPC4EU data model develapesidering
the Trento local EPC data modefifter that, otherattributes representing very specific concepts of the Italian
data model have been identified as selectable for elimination.

Attributesas notes or free texts are candidates to remain in the model. Otiteibutes considered as important
but not present in the Spanish data model are also candidates to remain.

The @ndidates to be removeftom the model:

dateOfBuildingPermitThisvalueis neither in Spanish nor Italian certificate.
dateOfTransmissiarThisvalueis neither in Spanish ndtalian certificate.
Profesional This value is neither in Spanish nor Italian certificate.

energyCarrierNotesT his valuds neither in Spanish nor Italian certificate.

X ox ox Ox Ox

AsolRatidSummer equivalent solar area per useful surface area). Parameter vergifpéor Italian data
model

Qx

Yie Parameter very specific fdtalian data model
EPReferenceExistingn epreference is already present

EPReferenceExistingLabel
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7 EPCA4EU arget data model (v3.0)

The proposed changewere evaluatedand some of them were asmilated to the new version of the target
data model, version v3®. Sq this versioncan be usedto harmonise datasets with different source data
models, the Italiarand the Spanish data modeA UMLrepresentatiorof the newdata modd is shown inFigure

4.

Figure 4. EP@EUtarget data model, version 3.0
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2 https://inspiresandbox.jrc.ec.europa.eu/enegijot/epc4eu/datamodel/3.0/html/
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https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/data-model/3.0/html/

8 EPC4EUarget data model (v3.0) and EPC Spanish National data model

After updating the target data model to thaew version (v3.0)a newanalysisfor comparingthe EPC Spanish
National data model with tts new target data model (EPC4EUB.0) has been made The matching table
between EPEZEUV3.0 and EPC Spanish National data model reflects this comparison, indicating the elements
from the ECP4EU datanodel present in the EPC Spanish National data model and their characteristics
(multiplicity, format, description, ejcThe complete versi, in the original excel format, is provided asannex

to the report.
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9 EPCA4EU arget data model and Castilla y Leon region EPC database

As explained in sectiof, in Spainthere is only onedata modelat national level but the management process
for the EPCs registration, validation and storage is a competence of each region.

In the context of the poject, the analysis has been performed with the region of Castilla griLdue to the
collaboration with ERENE(te Regional de la Energighe organism in charge of managing the EPCs registration.

In Castilla y Lén region, the EPCs are managed followthg process described in sectidn2. For the storage
of the ECP instances regional database is available. This database aims to implement théonat data
model, but it has peculiarities mainly related the obligatory nature of some data and also in some of the
relatiors between the data.

Due to thedifferent structure of the source dataseit has been necessary to perform the matching exercise
using the database athe source model. In the next sectigthis analysis is shown.

The HTML viewer of the UML model of EPC4EU Data Model v3.0 is accessible ht#s:/inspire
sandbox.jrc.ec.europa.eu/eneuijot/epc4eu/datamodel/3.0/html/ whilst the xsd is accessible at https:/inspire
sandbox.jrc.ec.europa.eu/enefpiiot/epcdeu/schemas/3.0/epcdeu.xsd

9.1 Mapping the EPC database in the EPC4EU target data model

For the mapping of the EPC databasiee process is similar to the one explained fmappingthe SpanishEPC
data modelitself, but taking into account that most of the documents have been already studied in depth. So,
in this step the attention was focused on the following documents:

Documentation of the EPCs database:
Schemes of the database
Script for the recreation of the database (a sample)

Recreation of the database itself

= =4 -4 -—a -

EPC4EU_MT3\.xIsx excel file for thedocumentationof the mapping
1 epcdeu_B.0.xsd XSD application schema for EPC4EU data model

The results of the mapping were reflected in two documgnt

0 EPC4EU_MT3W: mappingtable between the EPC database and the EPC4EU target data model
0 DATABASE_MAPPING.héle in*hales t u dbimat'that contains the project with the mapping.

9.1.1 Differences between Castilla y Leon region EPC data model and the Spanish data
model

It is important tohighlightthat there is information that is more organised in the databagen in the Spanish
data model (in the databasehere are various coddists that can be usedl Another important aspect is that
the database contains information about the location of the building (coordinates in decimal: latitude and
longitude). However, there is information present in Bganish data modehat could be mapped in the target
data model but it is missed in the database, so this information cannot be reflected.

The elements present ithe SpanishXMLbut not in the Castilla y Leon region EB&tabase are indicated here:

Year of construction

Date of issue

0

0

0 Volume
0 Certifier (all tte information relative to the Certifier)
0

Energy consumption. The energy consumption for energy vector is missing in the database extraction
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https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/data-model/3.0/html/
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/data-model/3.0/html/
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/schemas/3.0/epc4eu.xsd
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/schemas/3.0/epc4eu.xsd

0 For the thermal installatiorthe energy system related to each energy conversion system is missing, so the
part of the energy conversion system cannot be mapped.

Date of inspection

EPglrena global value is not provided)

EPglnrenRifStandar@nly included in the database fdhe tertiary sector)
EPhndLim{only included in the database fdhe tertiary sector)

o ox ox ox Ox

EPRefernceNew(only included in the database fahe tertiary sector)

The elements present in th@astilla y Leon region EPC databdsé not in the Spanisklata modelare indicated
here:

Location(coordinatedn decimal degreedatitude and longitude)

dateofEypiration

Software (name and version). The information is more complete than inésource

currenUseof the building forthe tertiary sector has more information

o ox ox ox Ox

the information for the energy conversion system type for the heating, cooling and DHidrie organsed

Consideringhose mentioned aboveusing the datafrom the database has some problems that should be
solved. The problems are:

0 Location it is only a Point (latitude, longitude). Besidése coordinates are not always well placed and
sometimes are not pointingo the right building

0 Problems with lack of data. Some data that should be present in the database because they are mandatory
in the Spanish data model are missing in the extract. The data is misgingifferent reasons:

b some of thedata are defined as not mandatory in the databasand these datahave not been
translatedfrom the XMLfiles.

b Some data are confidential (mainly the data related to the certifier)

To overcome these problemsome strategies have been established create mapping and posterior
harmonisation

Firstly, for the problem with the location of the building related to the certificate, the way to solve the problems
is to use data of the cadaster (compliamtith an old draft version of the INSPIRE Buildings datadelpto cover

the information of the geometry, that is a POLYGON for the buildamgl it is much more accurate. For this one
JOINfunction inhale studiohas to be configured.

In the case of the lack of data due to confidentiality issyes manner to overcome this topic would be t
harmoniseonly public buildings. The information ofgkebuildings should be public so all the information could
be harmonsed without problemsThe confidentiality of the data is a major problem that will agisn each
analysis of this type.

9.1.2 Classifications created

In the study some codelists have been updatedtaking into account the values that the parameters of the
database could have. In the following tabléscan be seen the different codksts updated and how the values
are classified.
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Table 11. Codelist for EPSummerQuality

Source values

Target value

CALIFICACION ENERGETICA DE TIF

CALIFICACION ENERGETICA DE TIF

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/QualityValue/A

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/QualityValue/B

CALIFICACION ENERGETICA DE TIF

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/QualityValue/C

https://inspiresandbox.jrc.ec.europa.eu/energy

4 CALIFICACION ENERGETICA DE TIf pilot/codelist/QualityValue/D
5 CALIEICACION ENERGETICA DE TIF https://msp_ |resandb_ox.uc.e_c.euroga.eu/energy
pilot/codelist/QualityValue/E
. . https://inspiresandbox.jrc.ec.europa.eu/energy
6 CALIFICACION ENERGETICA DE TIF - X -
pilot/codelist/QualityValue/F
. - https://inspiresandbox.jrc.ec.europa.eu/energy
7 CALIFICACION ENERGETICA DE TIF nilot/codelist/OualityValue/G
15 NOCALIFICABLE
https://inspiresandbox.jrc.ec.europa.eu/energy
. . ilot/codelist/QualityValue/ lifiabl
16 SIN CALIFICACION ENERGETICA pilotcodelistQualityValue/nonQualifiable

*Not mappedsource values will result in the following target value: null.

Table 12. Codelist for currentUse

Source values

Target value

http://inspire.ec.europa.eu/codelist/CurrentUseValue/

9 COMERCIAL e
11 VIVIENDA INDIVIDUAL EN BLOQUE
http://inspire.ec.europa.eu/codelist/CurrentUseValue;
dential
1 BLOQUE D¥IVIENDAS COMPLETO
3 LOCAL http://inspire.ec.europa.eu/codelist/CurrentUseValue/:
lary
12 VIVIENDA UNIFAMILIAR AISLADA
http://inspire.ec.europa.eu/codelist/CurrentUseValue
vidualResidence
2 VIVIENDAS UNIFAMILIARES
7 HOTELES Y RESIDENCIAS httD://lnsplre.ec.europa.eu/codel|sF/_CurrentUseVaIue;
denceForCommunities
13 VIVIENDA UNIEAMILIAR ADOSAD/ http://inspire.ec.europa.eu/codelist/CurrentUseValue/

eThanTwoDwelling
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https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/A
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/A
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/B
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/B
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/C
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/C
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/D
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/D
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/E
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/E
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/F
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/F
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/G
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/G
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/nonQualifiable
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/nonQualifiable
http://inspire.ec.europa.eu/codelist/CurrentUseValue/trade
http://inspire.ec.europa.eu/codelist/CurrentUseValue/trade
http://inspire.ec.europa.eu/codelist/CurrentUseValue/residential
http://inspire.ec.europa.eu/codelist/CurrentUseValue/residential
http://inspire.ec.europa.eu/codelist/CurrentUseValue/ancillary
http://inspire.ec.europa.eu/codelist/CurrentUseValue/ancillary
http://inspire.ec.europa.eu/codelist/CurrentUseValue/individualResidence
http://inspire.ec.europa.eu/codelist/CurrentUseValue/individualResidence
http://inspire.ec.europa.eu/codelist/CurrentUseValue/residenceForCommunities
http://inspire.ec.europa.eu/codelist/CurrentUseValue/residenceForCommunities
http://inspire.ec.europa.eu/codelist/CurrentUseValue/moreThanTwoDwelling
http://inspire.ec.europa.eu/codelist/CurrentUseValue/moreThanTwoDwelling
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EDIFICIO DE OFICINAS

http://inspire.ec.europa.eu/codelist/CurrentUseValue/

4 OFICINAS =
15 ADMINISTRATIVO
16 SANITARIO
5 CENTRO DOCENTE
http://inspire.ec.europa.eu/codelist/CurrentUseValue/
6 HOSPITALES icServices
8 INSTALACIONES DEPORTIVAS
10 OTROS USOS TERCIARIOS
14 VIVIENDA UNIEAMILIAR PAREAD!/ http://inspire.ec.europa.eu/codelist/CurrentUseValue

Dwellings

*Not mapped source values will result in the following target value: null.

Table 13. Codelist for EPAchievableLabel

Source values

Target value

https://inspiresandbox.jrc.ec.europa.eu/energy

1 CALIFICACIG®NERGETICA DE TIPO pilot/codelist/OualityValue/A
5 CALIFICACION ENERGETICA DE TIF httDs://lnsp|resandb_ox.wc.ep.europa.eu/energy
pilot/codelist/QualityValue/B
p - ps://inspi Jrc.ec. pa.
3 CALIEICACION ENERGETICA DE TIF https //|ns_ |resandbpx rc.ec.europa eu/energy
pilot/codelist/QualityValue/C
4 CALIEICACION ENERGETICA DE TIE httDs://msplresandbox.wc.e_c.eurooa.eu/energy
pilot/codelist/QualityValue/D
5 CALIEICACION ENERGETICA DE TIF https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/QualityValue/E
6 CALIFICACION ENERGETICA DE TIF https://|nsp|resandbpx.wc.ep.europa.eu/energy
pilot/codelist/QualityValue/F
- - https://inspiresandbox.jrc.ec.europa.eu/energy
7 CALIFICACIBNERGETICA DE TIPO bilot/codelist/OualityValue/G
15 NO CALIFICABLE
https://inspiresandbox.jrc.ec.europa.eu/energy
16 SIN CALIFICACION ENERGETICA pilot/codelist/QualityValue/nonQualifiable
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http://inspire.ec.europa.eu/codelist/CurrentUseValue/office
http://inspire.ec.europa.eu/codelist/CurrentUseValue/office
http://inspire.ec.europa.eu/codelist/CurrentUseValue/publicServices
http://inspire.ec.europa.eu/codelist/CurrentUseValue/publicServices
http://inspire.ec.europa.eu/codelist/CurrentUseValue/twoDwellings
http://inspire.ec.europa.eu/codelist/CurrentUseValue/twoDwellings
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/A
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/A
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/B
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/B
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/C
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/C
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/D
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/D
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/E
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/E
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/F
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/F
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/G
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/G
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/nonQualifiable
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/QualityValue/nonQualifiable

Table 14. Codelist for climaticZone

Source values

Target value

ZONA CLIMATICA D1

ZONA CLIMATICA D2

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/adelist/ClimaticZoneValue/D1

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/D2

ZONA CLIMATICA E1

ZONA CLIMATICA Al

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/E1

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/Al

ZONA CLIMATICA A2

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/A2

ZONA CLIMATICA A3

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/A3

ZONA CLIMATICA A4

ZONA CLIMATICA B1

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/A4

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/B1

ZONA CLIMATI®R

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/B2

10

11

12

ZONA CLIMATICA B3

ZONA CLIMATICA B4

ZONA CLIMATICA C1

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/B3

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/B4

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/C1

13

ZONA CLIMATICA C2

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/C2

14

ZONA CLIMATICA C3

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/C3

15

ZONA CLIMATICA C4

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/C4

16

ZONA CLIMATIOS

https://inspiresandbox.jrc.ec.europa.eu/energy
pilot/codelist/ClimaticZoneValue/D3
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https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/codelist/ClimaticZoneValue/D1
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10 Data transformation

Once the mapping between the Castilla y Leagion EPC data model and the EPC4EU target data model has
been performedthe next step is to translate this mapping in transformation rules, using an appropriatetdool
create a dataset complianvith the target data model.

For that,the “hale studio” tool*® has been used. This tool allows creating reladretween elements from one
or several source data models witthe target data model elementsOnce all the relationshiphave been
performed, the tootangenerate the new dataset compliamtith the target data modeblndexport it in different
formats. Figure5 showsthe tool with the project related to the work done in the task.

Figure 5. Harmonisation project in hale studio: transformation from Castilla y Leon region EPC database to EPC4EU target
data model

hale studio 3.5.0 - Real EPC-ES to EPC4EU - D:\Documentos\Victor\estancia\HaleStudio_v3.0_refcat\haleEPC4EUv3.0_refcat3.hale — O =
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FeoHB | lmrva~|k® X &S | Ex % @~i@ | o e

2% Explorador de Esquemas % 9 = O e Alignment 2 SR x? -=n
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Sourceown creation, CARTIF, 2020.

Therefore, all the mappings were replicated in the t@oid the results can be seen in the following figures.

2 hale studio form we transformhttps://www.wetransform.to/products/halestudio/
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Figure 6. Mappings performed in the harmonisation project using hale studio for the building feature type of the target

data model
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Sourceown creation, CARTIF, 2020.
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Figure 7. Mappings performed in the harmonisation project using hale studio for the BuildingUnit feature type of the
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11 Difficulties encountered

This section has been dded irto two main subsections. The first subsection explains the problems encountered
when filling the information related to the Building and BuildingP&ature types. The second subsection
identifies the problems encountered during the transformation process.

11.1 Completion of building section in EPC4EU (Spanish case)

This section focuseon the analysis of the parts related to the main building information in the EPC4EU data
model. The related feature types amuilding BuildingPartBuildingUnit In the Spanish case, two methods for
completing this information have been studied: coliagt this information from the cadaster or collecting
information from Spanish EPC.

In the EPC4EU data model, the information of each EPCs is assodidtie@dne building (or one building part
or one building unit). Tlee Building and BuildingPart featutgpes are direct extensions of the related feature
types defined by thd NSPIRE Building2D data modé&he relationship between these feature types and the
Certificate feature type can be seen in the following schest®wn inFigure8.

Figure 8. EPCTarget data model, version 3.0

Building 2D

Buildings - Base

deatureTypes

BuilelingsBase-AbstractConstraction

2

whatureTypes

BulldingeBace- AbstractBullding

Sourceown creation based on JRC, 2020.

It is important to note thatthese building sectionincludethe geolocated information as ongeometry2D
attribute. In theEPC information, the ES EPC data model does not inajedeeferenced information, so the
building is identified by its cadastral reference and by its address. Spanish cadaster coiméansation about
Buildingand BuildingPartfor each building in Spairalso includedthe geometryelement. It has to take into
account that the dataset of the Spanish cadaster follows the INSPIRE directive, but not the last version of the
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Building schemgbut a previous draft one, so the information does not match entirely with the information
present in the building section for the EPC4EU target data model.

Because of this, the first plan wat® usethe information of the cadaster to fill the informatiownf the building
section. The alternative plamould be to use the EPC informatiairectly, but taking into account that there is
no explicit information for filling the geometrical part.

The information covered by each one of the approaches is indicatedablel15.

Table 15. Comparison between the information that could be covered from the Cadastral source and the EPC source

Cadastral EPC
Building dateOfConstruction - beginning
beginning
dateOfConstruction - end end IdentificacionEdificie-
AnoConstruccion
externalReference - informationSystem
informationSystem
externalReference - reference IdentificacionEdificie-
reference ReferenciaCatastral
name IdentificacionEdificie-
NombreDelEdificio
currentUse currentUse IdentificacionEdificie-
TipoDekEdificio
numberOfDwellings numberOfDwellings
numberOfBuildingUnits numberOfBuildingUnits

numberOfFloorsAboveGro numberOfFloorsAbove@  DatosGeneralesyGeometria

und ound NumeroDePlantasSobreRasan
address IdentificacionEdificie Direccion
geometry geometry
conditionOfConstruction conditionOfConstruction
Building conditionOfConstruction conditionOfConstruction
Part
numberOfFloorsAboveGro
und
geometry geometry
Total elements covered in Building 9 6
Total elements covered in 3 0
BuildingPart
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Inthe currentcase only the information of theBuildingfeature typeis relevant because the certificateannot
be relatedwith the BuildingPartfeature type based onthe available information (in the ER@ere is no
information about the cadastral reference of the dwelling, also the cadastral reference that identifies/titde
building). So from cadastreve can obtainnine elements and onlysix from the EPCs. The most important
information is covered by both of the approae$ except for two fields:

0 The geometry information is missing in the EPCs information
0 The informaton of the address is missing in the cadastre

From the analyss of the above informationit is difficult to select the best option for completing thieuilding
section in the data model.

Besidesfor the analysisit is important to highlight that the example mappinghas been done with an extract
of the database in which the EPCs are stored. @htabase structure is slightly different from that indicated in
the data model, andnore information is included in this database (for examglee identifier id of the EPC and

the coordinates of the building, crucial information). So, with the information contained in the EPC database, all

the important fields of the target data model are covered.

However some problems have to be solved befofimishing the part for the data transformation. Thenost

important problem is that the information about the geometry is not present in the certificates (not in the EPC

in XMLformat, not in the EPCs Database). For this, a method for joining the cergfocaith the correspondent

building in the Cadastre has been used, so the geometry coming from the cadastre can be used. For this purpose

the cadastral reference has been used as unique identifier.

In the harmonisationthe project performed the informatio of the 17,016 Building presented in thBuilding
dataset has been used, although only some of them are finally related with certificates elements.

11.2 Other difficulties

Other problems were identified in the last part of the process. These problems idertified, and solutions
were proposed and applied to obtain a finabrrect solution. In the following paragraphshe problems
encountered and the solutions applied are described.

11.2.1 Problem: Some elements are not correctly mapped

The elements not corregtimapped were the following:

1. bu-base:referenceGeometrand bu-base:horizontalGeometryEstimatedAccuraoy the Building
feature types
2. inspireldin the following feature types:
0 Building
0 BuildingUnit
0 Certificate

Box 1. Solutionfor elements not corectly mapped

1. The mapping relationship for these el ements was m
hale studio from the Building source

2. For the three elements:

- inspireldin Building can be mapped using rename from Building source

- inspireldin BuildingUnit can be created using one of the following identifiers:
1. c_ref_catastral (cadastral reference from database)

2. n_inscription (number of inscription of the EPC)

3. afield with the composition of the two elements discussed above
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- inspireldin Certificate can be created using the identifier of the Certificate n_inscription (inscription number from
database). Concretely, n_inscription is renaméntpireld.ldentifielocailld

11.2.2 Problem: Incorrect encoding of the values assigned to the gml:id of the building
units

The problem occurs because values assigned as id cannot start with a number.

Box 2. Solution for hcorrect encoding of the values assigned to thml:id of the building units

The solution is to start with the following pattern: "#/D"

11.2.3 Problem: Some identifiers ( gml:id) have the same id , and they should be unique

The problem occurs because the ERGsespondingo the same building have the same caskral reference
(from the different dwellings or new version of the EPCs for the same dwelling, for example).

Box 3. Solution for unique (gml:id) identifiers

The identifiergml:id has to be changedAsolutionin hale studio is to find another attribute in the source dataset that can
be used to differentiate the EPCs with the same cadastral reference. This attribute can be used in the "formatted string"
function to build a unique gml:id for the BuildingUnit feature types.daly this parameter is the c_inscripcion_id, but|it
has to be included in the table used to relate the Building and the BuildingUnit.

11.2.4 Problem: gml:id contains no valid characters

The  field gmlid contains no valid characters (space, comma, etc. e.qg.
ID_5215611¢,¢5151¢0179¢,¢,_471860005V160Q44This is because the cadastral_reference value in the
database could be only one cadastral reference or a set of cadastral reference separated by commas and
spaces (irthe Spanish data modeit is valid to have the see certificate for different dwellings at the same
time).

Box 4. Solution for gml:id containing no valid characters

The problem was solved using only the numbeiiregcriptionsfrom the database to identify the building unit. Although th
problemis easily solved, it is important to note the indirect problem of having the same certificate for different dwellings.

[¢)

11.2.5 Problem: Missing geometry for some buildings

In the mapped file, some Geometries present problears] they are not well mapped. Thisgirlem appears in
4745 of 17016 total buildings. It has to be taken into account that the original sourcel(ling dataset) does

not follow exactly the last version of the Inspire Building data model. So, the inception of the problem could be
the sourceand some problems in the mapping tool. It has to be analysed.

At first, the mappings donés shown inFigure9.
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Figure 9. Relationship performed ihale studiofor the mapping of the geometry field

= geometry.BuildingGeometry.referenceGeometry = Rename =] geometry2D.BuildingGeometry2D.referenceGeometry

(i] geometry.BuildingGeometry.geometry AbstractGeometricPrimitive.Surface £= Rename (4] geometry2D.BuildingGeometry2D.gecmetry. AbstractGeometry.Surface

g etry tch atch.Polyg i= Rename @ .ety2D. etry y tch atch Polyg

8| geometry BuildingGeometry.horizontal GeometryEstimatedAccuracy i= Rename 8] geometry2D. metry2D. y Accuracy

= geometry BuildingGeometry.referenceGeometry 1= Rename = geometry?D.BuildingGeometry?D.referenceGeometry

Sourceown creation (CARTIF), 2020.

I'n all t he * theefunational paramater celatedot@tructural renamewas set to false, i.e., the
child properties are not copied in the transformed data.

Box 5. Solution forMissing geometry for some buildings

For solving this issugt was needed a new remapping of the elements relaterithe Geometries. So all the mappings
related were deleted and the mapping used is a rename from the surface
(geometry.BuildingGeometry.geometry.AbstractGeometricPrimitive.Surface) to multiSurface

(geometry2D.BuildingGeometry2D.geometry.AbstractGeometry.Multisurface). It is needed to put in "true" the paramgter for
coping child properties of equal names. With this mappthe issue related to the geometries disappear.

Figure 10. Relationship performed ihale studiofor solving the geometry error
= geometry.BuildingGeometry.referenceGeometry i= Rename = geometry2D.BuildingGeometry2D.referenceGeometry

Sourceown creation (CARTIF), 2020.

11.2.6 Problem: Date of validation not valid

The date of validation contains values not accepte®1-01T00:00:00. The problem is the reconstructed
database (from the extract provided by EREN). This database was not corrected recovered bafdhedermat
of the date usedto reconstructthe database.

Box 6. Solution for Date of validation not valid

The table of the database that contains th#ate of validation was eliminated and reloaded. In this cagee function to
transform the string to date was:

to_date('20/05/24''DD/MM/YY") instead of to_date('20/05/24' DD/MM/RRY).

With this changegthe file mapped with hale do not present errors ing date of validation

11.2.7 Problem: Date of construction not valid

The date of expiration contains values not accepteedd{-01T00:00:00). The problem is that th@atabase
extracthas not right values for the value athe date of expiration. It is needed to ahge the values in the
dump of the database provided by EREN to check if the problem is in the data source or in the process of
recovering this dump.

Box 7. Solution for Date of construction not valid

This is a problem of the sources (Buildindeffrom cadastre), so it cannot be corrected. There are multiple solutions to
eliminate the element in the mapped file:
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1. Replacing with a notepad tool.

2. Other solution is to filter the source attribute in hale studio to exclude wrong dates, usitddgcondition context (CQL
filter in hale studio with the following textpgarent.beginning NOT LIKE)1-01T00:00:00:"

The problem was finally solved with the second option, more robust.

11.2.8 Problem due to wrong encod ing made by hale

The numeric value of soméEPgInrenAchievable" attributes is encoded in a duplicated element in some cases.
The value is encoded in one elemeand the Unit is encoded ianother element. It is interesting to highlight
that this behaviour does not occur in all the EPgInrenAcHi@nstances, only in some of them.

Box 8. Solution for wrong encoding made by hale

A semiautomatic solution has been implementeétirst it has to be eliminated the mapping from theilom of the
EPglnrenAchievahléAfter transforming the data,tiis neededto "replace" in notepad with the following information:
<epc4eu:EPglnrenAchievable> Replace with: <epc4eu:EPglnrenAchievable uom="kWh/mz2">
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12 Results of the data transformation

Once all the mappings were performed and all the problems solved nine step was the generation of the
transformed dataset. In this casethe transformed data were exported in a GML format (GML as
FeatureCollection option).

An extract of theGMLtransformed file is shown irFigurell, whilst a screenshot of its successful validation is
shown inFigurel2.

Figure 11. Results of the data transformation, in notepad++.

<gml:featureMember>
<epc4eu:BuildingUnit gml:i
<epcé4eu:hasCertificate>
<epcdeu:Certificate>
<epcdeu:issuedBy/>
<epcdeu:inspirelds
<base:Identifier>
<base:localld>471860005VI2</base:localld>
<base:namespace>eren. inscription</base:namespace>
</base:Identifier>
</epcdeu: inspireld>
<epcdeu:certificateObject xlink:href="htips inspi Jjrc.ec.europa.eu, delist/Certifi 3 lue/real it"></epcé4eu:certificateObject>
<epcdeu:buildingInfo>
<epcdeu:BuildingInfo>
<epc4eu:surface>
<epcdeu:SurfaceType>
<epcéeu:type xlink:href="https://inspire- jrc.ec.europa.eu/codelist lue/conditi "></epcden: type>
<epcdeu:value uom="m?">77.0</epcdeu:value>
</epcéeu:surfaceType>
</epc4eu: surface>
<epc4eu:surfaceVolumeRatio>2.5</epcdeu: surfaceVolumeRatio>
<epc4eu:EPhnd uom="kWh/m?">145.35</epcdeu:EPhnd>
<epc4eu:EPcnd uom="kWh/m?">16.27</epcdeu:EPcnd>
</epcdeu:BuildingInfo>
</epcdeu:buildingInfo>
<epcdeu:climaticZone xlink:href="https://inspire-sandbox.jrc.ec.eurcpa.eu/codelist/ClimaticZoneValue/D2"></epc4eu:climaticZone>
<epcdeu:currentUseThermal/>
<epcdeu:dateOfExpiration>2023-07-08T22:00:002</epcdeu:date0fExpiration>
<epcdeu:energyPerformance>
<epcdeu:EnergyPerformance>
<epc4eu:EPLabel xlink:href="h : nspire-sandbox
<epc4eu:EPglnren ucm="kWh/m®">307.07</epcdeu:EPglnren>
<epc4eu:COZEmission uom="KgCO2/m?*year">63.19</epcéeu:COZEmission>
<epc4eu:CO2EmissionLabel xlink:href="hittps://inspizre-. b Jjzc.ec.euzopa.eu, delist belValue/E"></epcdeu:CO2EmissionLabel>
</epcdeu:EnergyPerformance>
</epcdeu: energyPerformance>
<epc{eu:energyPerformanceReference>
<epcdeu:EnergyPerformanceReference>
<epcdeu:EPSummerQuality xlink:hre
<epcdeu:EPWinterQuality xlink:href
</epcdeu:EnergyPerformanceReference>
</epcdeu: energyPerformanceReference>
<epcdeu:scope/>
<epcdeu:softwareReference>
<epcdeu: SoftwareReference>
<epc4eu:name>CE3X</epcden:name>
</epcdeu:SoftwareReference>
</epcdeu: softwareReference>
</epcden:Certificate>
</epcdeu:hasCertificate>

"ID_471860005vi2">

*></epcdeu:EPLabel>

'https://inspire-sandbox.jrc.ec.europa.eu/codelist/QualityValue/G"></epcéeu: EPSummerQuality>
'https://inspire-sandbox.jrc.ec.euzropa.eu/codelist/QualityValue/E"></epcdeu:EFiinterQuality>

<gml: featureMember>
<epc4eu:Building ¢ ="ES.SDGC.BU. 9454510UM5195C">
<bu-base :beginLifespanversion>2020-05-08T05:59: 382</bu-base :beginLifespanversion>
<bu-base:conditionOfConstruction x 1="true"/>
<bu-base:dateOfConstruction>
<bu-base:DateOfEvent>
<bu-base:beginning>1947-12-31T23:00:002</bu-base:beginning>
<bu-base:end>1953-12-31723:00:002</bu-base:end>
</bu-base:DateOfEvent>
</bu-base:dateofConstruction>
<bu-base:externalReference>
<bu-base:ExternalReference>
<bu-base:informationSyst: 2/ /vl gob.es/CYCBienI: ble/OVCListaBienes 1=94545106amp: 195C</bu-base:informationSystem>
<bu-base:informationSystemName/>
<bu-base:reference>9454510UM5195C</bu-base: reference>
</bu-base:ExternalReference>
</bu-base:externalReference>
<bu-base:inspireId>
<base:Identifier>
<base:localld>9454510UM5195C</base:localld>
<base :namespace>ES.SDGC.BU</base :namespace>
</base:Identifier>
</bu-base:inspireId>
<bu-base : number0ofDwellings>0</bu-base : numberofDwellings>
<bu-base :number0fBuildingUnits>1</bu-base:numberofBuildingUnits>
<bu-core2d:geometry2D>
<bu-base:BuildingGeometry2D>
<bu-base:gecmetry>
<gml:MultiSurface srs)
<gml: surfaceMember>
<gml:Polygon srsN
<gml:exterior>
<gml:LinearRing>
<gml:posList>359195.5435 4615203.141 359110.9695 4615045.721 359109.6495 4615043.271 359082.2185 4614992.1915 359082.1985 4614992.1515 3590¢
4614986.9015 359093.649 4614984.8515 359103.529 4614979.6815 359104.059 4614980.6715 359105.429 4614983.2215 359135.73 4615039.521 359137.7¢
359199.863 4615158.631 359217.5235 4615191.4305 359232.684 4615219.5905 359232.814 4615219.8405 359270.976 4615290.7205 359272.356 4615293.2
4615341.2805 359326.9885 4615394.57 359305.478 4615405.8405 359245.5255 4615296.161 359245.2555 4615295.661 359244.9855 4615295.161 359243.¢
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
</gml:MultiSurface>
</bu-base:geometry>
<bu-base:referenceGeometry>true</bu-base:referenceGeometry>
<bu-base:horizontalGeometryReference/>
<bu-base:horizontalGeometryEstimatedAccuracy uom
</bu-base:BuildingGeometry2D>
</bu-core2d:geometry2D>
</epcdeu:Building>
</qgml:featureMember>

5830" srsD

urn:ogc:def:crs:EPSG

"urn:ogc:def:crs:EPSG: :25830" srsDi

">0.1</bu-base:horizontalGeometryEstimatedAccuracy>

Sourcepwn creation (CARTIF), 2020.
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Figure 12. Screenshot of the validation of the gml file with Oxygen.

2:’:. TransformedData_ES-EPC_to_EPCAEU_dataset18.gml [C:\ s\Fabio\ownCloud\EnergyPilot\ T3\ TransformedData_ES-EPC_to_EPCAEU_dataset... — O
File Edit Find Project Options Tools Document Window Help =l ﬁ ‘Eﬁ‘ 8
NERBRC {sRBRoeViIQRhike> B
;XPatﬁ 2.0 = | & ~Execute ¥Path on 'Current File' - ‘“‘, @ - 'CB' }‘. ':&; ?@ -E)f ._;' LJ’ I :E
& ..edData_ES-EPC_to_EPC4EU_dataset18.gml x 4 pE S
gml:FeatureCollection §
1 <?xml wersion="1.0" 2> Iy E
2 wr<gml:FeatureCollection xmlns:gn="http://inspire.ec.europa.eu/schemas/gn/4.0" &
3 xmlns:gss="http:// isotc2ll.org/2005/gss™ xmlns:xs="http://www.w3.org/2001/¥MLSchema™
4 xmlns:sc=" .interactive-instruments.de/ShapeChange/AppInfo™ 2
5 1 isotcill.org/2005/gse™ =
i3 xmlns wi.org/2001/EML5chema-hasFacetAndFroperty™ §_
7 xmlns:gmd="http://www.ilsotc2ll.org/2005/gmd" -
8 :b d="http://inspire.ec.eurcpa.eu/schemas/bu-core2d/4.0"
9 :bas ttp://inspire.ec.suropa.eu/schemas/base/3.3" 8
10 rgml="http://www.0pengis.net/gml/3.2" -
11 b 1se="http://inspire.ec.europa.eu/schemas/bu-base/4.0" %
12 "http://www.isotc2ll.org/2005/gco™ xmlns:gr r="http://www.opengis.net,/gml/3.3/exr" a"
13 "https://inspire-sandbox.jrc.ec.europa.ew/energy-pilot/epcden/schemas/3. 0"
14 W3.orpg/1999/x1ink™ mlns:gts="http://www.isotc2ll.org/2005/gt3™
15 3.0rg/2001/¥MLSchema-instance™
16 alocation="https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epcden/schemas/3.0 https://inspir
17 = «<gml: featureMember:>
18 = <epcdeu:BuildingUnit gml:id="ID 471860005VI2":>
19+ <epcdeushasCertificate>
20 = <epcden:Certificate>
Pl <epcdeu:issuedBy/ >
22w <epcdeurinspireld:
237 <base:Identifier>
24 <base:localld>471860005VI2< /base: localld>
25 <base:namespace>eren.inscription< /base:namespace>
6 </base:Identifier>
27 </epcdeurinspireld:> w ®
< > i
Text  Grid  Author

..._EPC4EU_dataset18.gml Validation successful U+0073
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Regarding the visualization of this GML file in QGIS, it is necessary to establish some environment variables
andgenerate a process for creating required functiohsthe following sectionghe steps needed are explained.

12.1 How to thematise the EPC4EU GMldataset in QGIS 3

I n case of the associ atBuldmj badBudingtmitsusedinetheGEllafteualitbte t ypes
attributes related to the building units associated with the building are not visible using the default import
functionalities of the building unitQGIS.
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TransformedData_E!

File Edit Find Project Options Tools Document Window Help B a% 2F @

NomBPpECcixREoe ViQhhire >l

Path 2.0 » [ »Execute XPath on ‘Current File' LI A 0 (EE A

. ®..dData_ES-EPC_to_EPCAEU_dataset1B.gml* X 4 P B | Elements o8 x|
5 | omiFeatureCollecton  gmi:featureMember  epcdeusBulding  epcdeusbuidingUnit B
S ~agez DU=DaBE UELZUL e Lot Ul L YES LA LeUACCUEACY CUIS I U+ L/ DU=Dase  QUE L0l LA Loe Dle U YES U LIla CeUACCULacy > = 3
99 458350 u-base:BuildingGeometry2Ds g

4s8951 </bu-core2d:geometry2D>

ssp052 <fepoteu:Building>

458952 </gml:featureMember> L

258956 v cgml:featureMember> z

458955 = <epcdeu:Building g OE™> &

250958 <bu-base:beginLifespanversion>2020-05- 442</bu-base :beginlifespanversion>

250957 <bu-base:conditionOfConstruction xsiinil-"true"/>

250958 » <bu-base:date0Construction> [5 lines] )

250984 b <bu-base:externalReference> [6 lines]

480971 b <bu-base:inspireld> [5 lines] =

480977 b <bu-base:currentlse> [5 lines] E

458382 b <bu-base:currentlUse> [5 lines] E

458380 b <bu-base:currentlUse> [5 lines] E

250995 <bu-base:nurber0fDwellings>10</bu-base: nurber0fDwellings>

250998 <bu-base:number0fBuildingUnits>10< /bu-base: nurberOfBuildingUnits> =

250997 b <bu-core2d:geometry2D> [18 lines)

289017 <epcdeusbuildingUnit xlinkihr 5VI10582"></epcdeusbuildinglnics

28301 <epcdeu:buildingUnit 005VI2762"></epc4en:buildingUnit> =

453019 <epecdeu:buildingUnit /epcdeu:buildingUnics

20 = cepcdeu:address>CL/ESTEBAN JORDAN 2, 4 IZDR

483021 47006 471360005 (47)</epcdeu:address>

283022 </epcden:Building>

453023 </gml:featureMenber>

453026 ¥ <gml:featureMember>

489025 %  <epcdeu:Building ¢ "ES. SDGC.BU. 51

283028 <bu-base:beginLifespanversion>2020-05- </bu-base:beginlifespanVersion>

288027 <bu-base:conditionOfConstruction x ="true"/> it

< 2 @

Text Grid  Author

u+0023 459019 : 40

Sourcepwn creation (CARTIF), 2020.
A solution is the use of the plug rGML Loadér i n QGI S 2. 18

Figure 14. GML Loader plugn available only on old QGIS version

ML Loader

GML-Reader (OGR/GDAL)
Resolve elements (xlink:href)

Convert attributes to fields o

Select .gfs

Sourceown creation (CARTIF), 2020.

Loading the GML fileiroughtheplugi n cr eat es a new a s*sasalvedagtile d nGMth i fcihl e |
internal xlink:href (like #ID) are resolved. All the elements of the linked feature types (BuildingUnits) are
embedded in the main feature type (Building).
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Figure 15. Differences between the two GML files

TransformedData_E!

File Edt Find Project Options Tools Document Window Help o &% 2o
DOoGBeEC i sRGBIS I ViIQlh!i¥e >0
Path 2.0 + | B - Execute XPath on "Current Fi' LIV ) e Te i ix
. ®TransformedData_ES-EPC_to_EPCAEU_datasetiB.resolved.gml x 4 b E e TransformedData_ES-EPC_to_EPCAEU_datasetiB.gml x 4rE 9
& ami:F llection epcdeu:Buiding gml:FeatureCallection  gml:featureMember  epedeu:Buiding E
I e AL ST e UL T N g s e L S N
79 472500 v | <gml:featureMember> 458954 v cgml:featureMembers e
472501 = <epcdeu:Building d= 458055 = <epcdeu:Building >
472502 <bu-base :beginlifespanVersion>2020-05-08T05:53:44Z</bu-base:beginlife: +58058 <bu-base:beginlifespanVersion>2020-05- 447</bu-base:beginlife:
472502 <bu-base:conditionOfConstruction ="true" /> 458057 <bu-base:conditionOfConstruction ="rrus"/> Iy
472504 b <bu-base:date0fConstruction> [5 lines] 458058 b <bu-base:dateOfConstruction> (5 lines] z
472510 b <bu-base:externalReference> (6 lines] 258984 b <bu-base:externalReference> (6 lines] &
472517 b <bu-base:inspireld> (5 lines] 458971 b <bu-base:inspireld> [5 linea]
472523 b <bu-base:currentlse> (5 lines] 458377 b <bu-base:currentUse> [5 lines]
472529 b <bu-base:currentlse> (5 lines] 458382 b <bu-base:currentUse> [5 lines]
472535 b <bu-base:currentlse> (5 lines] 458389 b <bu-base:currentUse> [5 lines]
472541 <bu-base :number0fhwellings>10</bu-base: nurberOfDwe1lings> 458995 <bu-base:number0flwellings>10</bu-base:nurberOfDwe1lings> =
472542 <bu-base :number0fBuildingUnits>10</bu-base: nunber0fBuildingUnits> 258998 <bu-base:number0f3uildingUnits>10</bu-base: nurber0fBuildingUnits>
472542 b <bu-core2d:gecmetry2D> [19 lines] 458997 b <bu-core2d:geometry2D> [19 lines]
472582 b <epcdeusbuildingUnit> [114 lines] 455017 <epcdeusbuildinglnit /epedeuzbuild:
472878 B <epcdeurbuildingUnit> [82 lines] 255018 <epcdeuzbuildinglnit epcdeusbuildic
472781 % <epcdeusbuildinglnics 455019 <epcdeusbuildinglnit ="4ID 471 fepcdeuzbuildingl
472782 % <epcdeu:BuildingUnit> » <epcdeuzaddress>CL/ESTEBAN JORDAN 2, 4 IZDR (1 linel
472783 % <apcdsurhasCertificates 255022 </epcéeu:Building>
472784 % <epedsu:Cartificate> 255023 </gml:fzatureMenber:>
472788 <apcdsu:issusdBy /> 455024 v ogml:featursMember>
472788 <epcdeu:inspirelds 455028 <epc4eu:Building ="ES.5DGC.BU. 510660 TM5150E">
472787 <hase:Identifiers 455028 <bu-base:beginlifespanVersion-2020-05-09T05:59: 44Z</bu-base :beginlife:
472788 <base:localld»471860005VI2</base: localld> 285027 <bu-base:conditionOfConstruction =rrrus/>
472789 se:namsspace>eren.inscription</bass:namespace> 455028 v <bu-base:date0fConstruction>
472770 </base:Identifiers 455028 v <bu-base:Date0fEvent>
472771 </epcdsu:inspirelds 455020 <bu-base :beginning>1959-12-31T23:00: 00Z</bu-base :beginning>
472772 <epcdeucertificatelbiect ="https://inspire-sandbox g 455021 <bu-bass:end>1955-12-31T23: 00: 002 /bu-base:end> %
472773 ¥ <epcdeu:buildinalnfo> Ya 455032 </bu-base:DateQfEvent> Yo
> o < p -
Text Grid  Author Text Grid  Author

U+0045
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The“GML Loadér pih is pt available, at the moment, for version 3 of QGIS, but the same function can be
implemented using an environment variabte

GML_SKIP_RESOLVE_ELEMS = NONE

To visualse the complete GML structurthe following steps can béollowed:

1. Add the environmental variables:
a. "AGFY; NNLC<ON?MYNIwiltAL YI@OEF w MITuiheé s* al | ows QGI S
the GML elements containindink:hrefattribute.
b. “GML_SKIP_RESOLVE_ELEMS wi t h NOGNE .v aTlhuies “al | ows th@ Gl S t o
xlink:hrefpointing to an element with the relatedml:idin the same GML file.

2 https://gdal.org/drivers/véar/gml.html#gmixlink-resolving
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https://gdal.org/drivers/vector/gml.html#gml-xlink-resolving

Figure 16. Setting of the QGIS environmental variables

| ~

w Documentation paths

Path(s) to search for QGIS help oh| (= A W
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Rendering
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a Lavo Overwrile ~ | GML_ATTRIEUTES_TO_OGR_FIELDS YES
ayouts
Ot ~ | GML_SKIP_RESOLVE_ELEMS NOME

b‘s GDAL

Variables

w Current environment variables (read-only - bold indicates modified at startup)

a Authentication

Variable Value o
=% Network ALLUSERSPROFILE C\ProgramData
= APPDATA Ch\Users\Fabio\AppData\Roaming
Locator CommenProgramFiles C\Program Files\Common Files
CommonProoramFilesix &A1 CAPraram Files (w1 Common Files 5

A Advanced

Cancel Helo
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2. Load the GML file (by dragnd-drop or through therelated menu). QGIS will ask you to select the
layers to add if there are more than one. In this case, select all.

Figure 17. Loading the GML file

«! Select Vector Layers to Add...

Layer ID Layer name Mumber of features Geometry type Description
I......Building 17016 MultiPolygon
0 BuildingUnit 2134 Mone

Select All Add layers to a group Cancel

Sourceown creation (CARTIF), 2020.

3. QGIS will create the associated GML filee resolved one) and the related gfs file containing the map
between the GML attributes (including those related to the associated feature types) and the elements
of the attribute table.
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Figure 18. Files created by QGIS durinigetimport of the GML file
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File Home Condividi Visualizza & o
* g Taglia l X I % Muovo elemento = B4 Apri E Seleziona tutto
W Copia percorso - -aAccesm facilitato = Modifica 1o Deseleziona tutto
Aggiungiad Copia Incolla - Sposta Copia  Elimina Rinomina =~ Nuova Proprieta
Accesso rapido [#] incotia collegamenta in in - cartella - £ Cronologia DD Inverti selezione
Appunti Crganizza Muovao Apri Seleziona
€« v A4 » ownCloud » EnergyPilot » T3 » Thematization v O S Cerca in Thematization
ol MNome Ultima modifica Tipo Dimensicne
s Accesso rapido -
M TransformedData_ES-EPC_to_EPC4EU_dataset18.gfs 21 020 13:25 File GFS 21 KB
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Figure 19. QGIS feature attributes

@ “Untitled Project - QGIS — s
DEBRRE PSS HPPF QB LI @6 -5 -GEE# T =0
LA A - - = 4 = e ;

Layers 5 X

Yo
MEE TS IS 1 I A 4
S |~ [ @ TransformedData_ES-EPC_to_EPCAEU_dataset1d
ﬁg [ TransformedData ES-EPC to EPCAEU dataset18
9 TransformedData_ES-EPC_to_EPCAEU_dataset18 BuildingUnit
3]
ﬁ] Identify Results
EEIRN:
@ - Feature Value
o v namespace ES.SDGC.BU
@ - > (Derived)
> (Actions)
@ gmlid ES.SDGC.BU.5822504UM31528
@ . beginLifespanVersion 2020-05-08T05:58:53Z
conditionOfConstruction
@ o beginning 1977-12-31T23:00:002
end 1977-12-31T23:00:002
informationSystem https:/fovww1 gob.es/CYCBienlnmueble/OVCListaBienes.aspirel=
reference 5822504UM5 1528
localld 5822504UMS1528
namespace ES.SDGC.BU
numberOfDwellings 13
numberOfBuildingUnits 15
referenceGeometry true
horizontalGeometryEstimatedAccuracy 01
horizontalGeometryEstimatedAccuracy_uom m
currentlUse_href hitp: ec.europa.eu/codelist/CurrentUseValy httpy/finspire.c
percentage o
Mode | Top down g [] Auto open form
View |Tree Help
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*it is important to note that this process witinly work for the last versions of the QGI§ so it is necessary to
update the application to the newest one, if possible.

12.2 How to visuali se labels for each building

For this purpose, the best way e create afunction that allowsmanipulatingthe data of the different fields.

Taking into account that the label of interest EEPLabel_href and for some of the buildings there are multiple
labels (array)the function we have to use is:

array_to_string("EPLabel_href")

Besidesnew functions should be created:
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0 extractBestLabelif the building has one only EPt@e colour should reflect the labeEPLabe) of this EPC.
If there is more than one EPC the colour should reflect the EPLabel more efficient. Buildings with no EPCs
are marked in grey

0 extractWorstLabelif the building hasone only EPCshe colour should reflect the labeEPLabe) of this
EPC. If therés more than one EPC the colour should reflect the EPLabel less efficient. Buildings with no
EPCs are marked in grey

0 extractLabelif the building has one only EPGlse cobur should reflect the labelEPLabe) of this EPC. If
thereis more than one EPC the building should be marked in white with black lines. Buildings with no EPCs
are marked in grey

The following section explairtsow to createthesefunctions and how to lod them in QGIS.

12.2.1 Creation of the functions to visualise labels

The full process for the creation of the functions to visualise label is the following:

1. Open the function editor:

Figure 20. QGIS properties of the layer

(2 Propiedades de la capa - TransformedData_ES-EPC_to_EPC4EU_dataset18 Building | Simbolegia x
3 E Categorizado ~
" Valor | abc CO2Emission]| ~ |
Rampa de color S
# Simbologia ~
Simbolo Valor Leyenda |
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Figure 21. QGIS expressions dialog menu: functions editor

(2} Didloge de expresiones x
Expresiénl Editor de funciones I
= default 1- Py
=" labels 2
= prueba B
£
6
T
3 =
S
10
11
by —
13
14
15 W
< >

Sourcepwn creation (CARTIF), 2020.

49



2. Create new function

Figure 22. QGIS functions editor: create new function

@ Didglego de expresiones

Expresidn Editor de funciones

= default
= labels

= prueha

WM =] M N s W

o e e e
[ T
|

£ >

I Aceptar || Cancelar || Ayuda
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3. Write the functions in the box:

from qgis.core import  *

from qgis.gui import  *

@qgsfunction (args= ‘auto’ , group= 'Custom’ )
def extractWorstLabel (labels, feature, parent):

Extract the worst label of one array contained in the parameter labels with the following
format:

https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/[LABEL].

Also remove the unimportant part: https://inspire
sandbox. jrc.ec.europa.eu/codelist/energyPerformancelLabelValue/

<h2>Example usage:</h2>
<ul>

<li>extractWorstLabel(array_to_string("EPLabel_href")) - > G</li>
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label_filtered=labels.replace('https://inspire -
sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/', )

result=label_filtered.replace(" ',").split(',")
label_sorted=sorted(result)
output=label_sorted[ -1]

return  output

@qgsfunction (args= , group= )
def extractBestLabel (labels, feature, parent):

Extract the best label of one array contained in the parameter labels with the following
format:

https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/[LABEL].

Also remove the unimportant part: https://inspire
sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/

<h2>Example usage:</h2>
<ul>

<li> extractBestLabel(array_to_string("EPLabel_href")) - > B</li>
</ul>

label_filtered=labels.replace('https://inspire -
sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/', )

result=label_filtered.replace(' ',").split(',")
label_sorted=sorted(result)
output=label_sorted[0]

return output

@qgsfunction (args= , group= )

def extractLabel  (labels, feature, parent):
Extract the label of one array contained in the parameter labels with the following format:
https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/[LABEL].

Also remove the unimportant part: https://inspire
sandbox.jrc.e c.europa.eu/codelist/energyPerformanceLabelValue/

For buildings with multiple labels the output is "Multiple"

<h2>Example usage:</h2>

<ul>

<li>extractLabel(array_to_string("EPLabel_href")) - > B</li>
</ul>
label_filtered=la bels.replace('https://inspire -

sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/', )

output="None"
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if len(label_filtered)==1:
output=label_filtered

elif len(label_filtered)>1:
output="Multiple"

return output

4. Save the new functions

Figure 23. QGIS functions editor: save and load function
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5 Write the function in the “value” section i

1 For the case of the best label the right function is
extractBestLabel(array _to_string("EPLabel_href"))
1 For the case of the worst label the right function is
ExtractWorstLabel( array_to_string("EPLabel_href"))
1 For the case of the label indicating the buildings with the multiples EPCs the right function is

extractWorstLabel(array_to_string("EPLabel_href"))

In the following pictures itan be seen how the function has to be introduced in the symbology box.
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Figure 24. QGIS properties for extract worst label
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Figure 25. QGIS properties for extract best label
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Figure 26. QGIS properties for extract multiple values label
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Besides it is needed to stablish the colour of the different labels. The values of the colour for the different
labels in RGB are:

d A:#00ff00
0 B: #4dff00
0 C:#b3ffo0
o0 D: #ffff00

0 E: #ffb300
0 F: #ff4d00
0 G: #ffo000

Anothercharacteristic that couldhelp to allowvisualsingthe tags for each dataseis to put the same function
t &igwee27: properties, as can

in the
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12.2.2 Loading the function and the symbology

Instead of creating the functions in QGIS and generating the symbglibgsypossible to storing the file directly
in the corresponding directory and using them later and loadimg synmbology style

So, the following text should be store in a python file (namedasel.py) in the directory of expressions in the
configuration profile of QGIS. More likelige directory would be here:

Cl\Userd[USER_NAMEppDatadRoamindQGISQGISYrofilesdefault\pythonexpressions

If it is not the directory, this can be searchd&y opening the python console of QGIS3 and printing the path

import sys; print(sys.path)

For loading the symbology and thgroperties of the tagthe style has to be loaded, asan be seen irFigure

28.
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Figure 28. QGIS loading style
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The styles for each type ofisualization are:
0 EPLabel EPCA4EU_extractBestLabel.qml
0 EPLabel_EPC4EU_extractWorstLabel.qml

O EPLabel EPCAEU_extractLabelMultivalues.qml

12.3 Visuali sation of the results

The results obtained (using any of the methods explained before) are shown in the folldigings.
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Figure 29. QGIS visualization of the best EPC
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Figure 30. QGIS visualization of the worst EPC
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Figure 31. QGIS visualization of the EPCs identifying the buildings with more than one EPC
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13 Harmonized Energy Performance Certificates datasets

In this section, afterreferencingthe target data model EPC4EU used in the harmonisation process, the
harmonized Energy Performance Certificates datasets used as source datasets in the web application are
presented: Trento EPC dataset and Castilla y Le6n EPC dataset.

13.1 EPC4EU Target data model, version 3.0

The EPC4EU data model usedstarget data model in the harmonisation process of the sample EPC datasets
of Spain and Italy has been extensively described in the report of Step 1 of this use case.

The UML model is showagainin Figure32 below.

Figure 32. EP(arget data model, version 3.0
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13.2 EPCharmonised datasets

After the creation of the EPC4EU target datadel and the mapping betweete source (ES and IT) EPC data
models and the EPC4EU target data model, He@monisationof real EPC sample datasets of Spain and Italy
has been performed

The two harmonised datasets are shortly described in the followingssetionswhilst Figure33 shows as they
are simultaneously visible using a GIS desktop (QGIS).
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Figure 33. Harmonized EPdatasets visible in a GIS desktop (QGIS)
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13.2.1 Harmonised Trento EPC dataset

The dataset available for the harmonisation was provided by APRIE (Provincial Agency for Water and Energy)
of the Autonomous Province of Trento (IT). The dataset contains all the certificates related to the private and
public buildings of the Province of Trento, in total 35.114 recorsisgFigure34).

Due to some restrictions about the publication of information relatedprivate buildings, a subset has been
extracted from the whole dataset, containing only the public buildings (schoals, city hall, etc.). The subset used
in the webapp contains 340 certificates, and the related geometry of the buildings is a POINT (pated
extracted from certificates).

Figure 34. Harmorsed Trento EP@ataset in a GIS desktop (QGIS)
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13.2.2 Harmonised Castilla y Le6n EPC dataset

The real data available for the harmonisation came from the EPC register in CyL region and was provided by
EREN (the organism regional of Castilla y Ledn for the Energy Management). A sample of the database with
2134 instances was available for this ainihe result of the harmonisation process was a valid GML fleme
relevant characteristics of the harmonised dataset are summarised below:

0 There are buildings with more than one EPC (EPCs are directly related to BuildingUnitsibtidgs
composed ofmore than one BuildingUnit).

0 The buildings of the test dataset are located in the same city of Vallad@littd most of them in the same
district.

0 The geometry of the buildings is a POLYGON (extracted ftantadastre).

An extract of the GML dataset is showm Figure35, whilst Figure36 shows how it appears when opened in
QGIS. In this figurehe information for a building is shown.

Figure 35. Harmonized Castilla y Leén ER&taset opened in Notepad.
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Figure 36. Harmonsed Castilla y Ledn EPdataset in a GIS desktop (QGIS)
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14 Web application

To make accessible the harmonised datasets by fBIS experts, a web application usable from a browser has
been developed. It is described in the present section, starting from an analysis of a prototype developed in
2017, then describing the workflow foihe re-use of this prototype and finally presenting the final resulis
visualiseall the harmonsed datasets with the same tool.

14.1 Web App prototype analysis

In this subsectiorthe first prototype of the web application, developed in 2017 in the frameloé ELISE Energy
& Location Applications s e case "I NSPI RE Har moni sation of .EPC of

Firstly the technical requirements for the tool were identified. The most relevant were the following:
0 Tool with only read/visuaation functionalities

0 Data format: INSPIRE GML 3.2 (produced using an INSPIRE extended schema)
0 Data exposed by a WFS 2.0

0 Web mapping library supporting WFS 2.0

0 Web user interface HTML5

0 The following development steps were planned:

0 Prototyping of theclient web application with static data

0 Creation of the transformation proxy (live query to a WFS server)

0 Deployment on a sandbox server for testing

Themain planned functionalityf the web appconsistedin visualising the EPC harmonised dataset, adding a
overlaying base layer on the map and visualising all buildings having an EPC, textured with different colours
based on the differenenergy performance labelClicking on a building, a pagp with additional information,
consisting of predefined attritutes of the harmonised EPC dataset, has to appear.

The analysis phase started with an investigation of the available web mapping libraries fulfilling the
requirements. The most commoopensource JavaScript libraries supporting complex GIS operations are
OpenLayers and LeafleAlthoughthe differences between the two libraries are small, OpenLayers seemed the
one is providing more functionalities. Therefore, the initial idea was to implement the prototype in both the
libraries, mainly for testing purposes.

The input datasecame from a WFS 2.0.0 service and was encoded in INSPIRE GML 3.2 (produced using an
INSPIRE extended schema). After some investigation, it appeared evident that the two mapping libraries
previously identifieccould nothandle WFS 2.0.0radl GML 3.2. Indeed, most of the implementations based on
those libraries use GeoJSON the input format for the dataset.

Another issue was related to the dataset CRS because the CRS natively supported by the web mapping libraries
are EPSG:3857 or EPSG:832vhilst the CRS of the input dataset was EPSG:3044 CRS. Therefore a CRS
transformation was needed, as well as a swap of the coordinates.

The solution proposed to fulfil the requirements of the web mapping libraries was to use a broker/proxy
approach to tanslate the data format (coming from the data provider) to the GeoJSON format.

The prototype of the transformation proxy was made in Node JS. The basic schema of the proxy is shown in
Figure37.
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Figure 37. Basic schema of the transformation proxy
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The request coming from the client (web map library) is then forwarded to the WFS server. The answer from
the WFS server is then transformed to GeoJSON format using an XSLT. This style sheet can be customized to
fit the specific needs of each service.

In the example used to develop this prototyghe XSLT is configured to filter the complete WFS response and
take only the featureswith the EPC dataset attributeshownin the popup. Furthermore, the XSLT creates the
GeoJSON format with a subset of fieldsking only the ones required by this specific test case.

After the XSLT transformation, the output GeoJSON format is then processed by a CRS transformation system
which transforms the original CRS to the one required by the client.

Finally, the responsesisent back to the client application.

14.2 Adaptation of the Web App

After analysing the web prototype, the difficulties in adapting it to the present use case have been identified. A
series of steps have been defined to adapt the prototype to the new datasets created. More details are provided
in the next subsections.

It is important to highlight that in the adaptation of the web appnly Leaflet libraries have been useand the
process to generate the GeoJSON file (i.e. publication of the GML through a WFS and then transformation of
the response in GeoJSON using an XSLT) has been simplified. To thi@@I8IGraphical Model@figure38)

has been used, developing an ETL processramgformingthe source GML files compliant to the EPC4EU data
model into the target GeoJSON files, which have a simplified data model.
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Figure 38. QGIS Graphical Modeler
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14.2.1 Difficulties encountered for the adaptation of the web app

Analysing the web app prototype and the two datasets to be jointly visualised, some difficulties have been
identified, due to some differences between the two datasets, described in more detail in the following.

1. Heterogeneity in the geometry type of the two datasets . Checking the two datasets to be jointly
visualised, it can be seen that they have different geetry types. In the Trento EPC datastite
geometry type used igoint corresponding to one point inside the building the EPC belongs to. In
Castilla y Le6n EPC dataséte used geometry type i®olygon corresponding to the footprint of the
building tre EPC belongs to. This difference is important not only in terms of the building representation
in the visualisation but also in terms of the approach used by the libraries to manage the datasets.

2. Differences in the Energy Performance label taxonomy . Althaugh the methods used by the
different countries for the energy performance assessments are based on the same European
Directive, there are some differences in the EPC schemes used by different MS. In the case of the
labels, the scales used for the two dagats are similar, from the letter A to the letter G, but in the
Trento EPC datasgt has a further subdivision for the letter A: Al, A2, A3 and A4. This difference has
been taken into account for the common visualisation.

3. More than one EPC for the same b uilding . Because the EPCs are related to the BuildingUnit and
one Building can be composed by more or no BuildingUnits, the situation of one Building with more
than one EPC can occur. In fact, in both datase#s have several buildings with more than of#C.

The prototype did not consider this situation

14.2.2 Adaptation of the prototype

To have the web app functioning, a set of adaptations have been done. Some of them have been done in the
prototype web app code, but also the datasets have been modified. hages done are described below:

Adaptation of the datasets:

1. ?fcgch[ ncha \ ocf " tnltha @astilla ydedn datasetntheififst adagtation has been
eliminatingthe buildings without an EPC. In the harmonized dataaktthe buildings in the city were
present, with and without an EPC. The buildings
concerninghe web appand, thereforegliminated.
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2.

Adapting the buildings with more than one EPC. The problem identified ithe previous subsection
about having more than one EPC for the same building has not been tacklédst approach consisting
of removing all but one EPC for the buildings with more than one EPC has been adopted.

?fcgch[ ncha [ nnl c\Teerselestedour attrbutés, whong vialjies &¢ shown in the
pop-up, are EPLabel_href (identifying the EPC Label), end (identifying the date of construction), value
(identifying the floor area), and EPglnren (identifying the energy global energy). The dthibutes

have been eliminated.

Re-projecting the layers. In the case of Leaflet, the CRS natively supported is EPSG:4326, so the
datasets have been rgrojected from the native CRS to EPSG 4326.

Adaptation of the web app:

1.

Adapting the codelists . EPC labaielated codelists have been adapted taking into account the new
INSPIRE codelists. The new values are:

codelistMatch:{

epc_A:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformancelLabelValue/A',
epc_B:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/B',
epc_C:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformanceLabelValue/C',
epc_D:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformance LabelValue/D',
epc_E:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformancelLabelValue/E',
epc_F:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/energyPerformancelLabelValue/F',
epc_G:'https://inspire - sandbox.jrc.ec.europa.eu/codelist/ energyPerformanceLabelValue/G'

}

Eliminating parameters not present .typeBuildingparameter has been eliminated from the pamp
because it is not present in the final dataset.

Changing the properties of the map . The map center as well as the zoom level bebeen changed
in order to see the two datasets appearing simultaneously in the web app landing page:
/I Map options
map:{
center:{

crs4326xy:[43.11,3.38]

zoom:6

h

Adapting the legend. To have a common legend, the subdivisions existinglfabel A in the Trento
dataset (labels A1, A2, A3 and A4) have been merged in one label (Label A). The standard colours for
the Energy Performance Labels have been selected and related to each Label.

Adapting the app for Point geometries .Considering thathe prototype was developed to show the
footprint of the buildings (i.e., for Polygon geometries), the web app has been adapted tonitbal
Pointgeometries. In this waysome style options for point markers have been added, &uintstyle
has been manage.

14.3 Final web application

The application is a simple clieiside web application that offers the visualization of the two datasets with two
possible base layers and a legend to explain the colours of the elements.

For the selection of the base layea Base Layer selector has been implemented. With this seletteruser
can select the base layer betweeDpen Street Mamnd Copernicus Core003The aspect of the Base Layer
selector is shown ifrigure39.
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Figure 39. Base Layer selector
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The legend shows the colours used to fillthe Polygonsand the Pointselements in the map, according to the
Energy Performance Label. The legend has the following aspect:

Figure 40. Legend

“ Legend Base Layer selector

Sourceown creation CARF 2020.

The application can be accessed at the following link:

https://inspiresandbox.jrc.ec.europa.eu/eneimgiot/epcdeu/webapp/

By dicking on the link, the aspect of the web page is showrrigure4l. The zoomevel of this map has been
selected to accesshe Valladolid dataset or Trento dataset from the main pagéhe Trento datagecan be
visualsed at this level of the zoom because theointsalways havethe same size independently of the zoom
level. In the case of the Valladolid dataséiye dataset is not visualised at this levélecause the geometry of
the elements in this dataset is 8olygonand the sizes of the polygons are very smallmpared to the scale.
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https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/epc4eu/webapp/

Figure 41. Lading page of web application
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Zooming orthe Trento region, the web application shows the following:
Figure 42. Web application, zoom ifirento
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Clicking on one of the points, the web application opens a-pppwith information about the year
construction, the floor area, the global energy and the energy labeghamsan in Figure43.
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Figure 43. Web application, zoom on Trento Buildings
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The app has a similar aspect zooming in Castilla y Ledn, but showing thdilgs as polygons marking their

footprints instead of showing points to indicate the location.Rigure44, the aspect of the app in Valladolid
city, with one example of building, is shown.

Figure 44. Web application, zoom in Valladolid, Castillay Ledn
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15 Conclusions

A methodology to create a new version of the EPC4EU data model capdiiiarmonisingEPC datasets of
Spain and ltaly, starting from a previous version of the EPC4EU data model developed in another use case to
harmonise EPC datasets adhering to the Ital@ata model for EPC, has been developed and applied.

The methodology has been designed to be easilyused to generate further versions of the EPC4EU data
model, capablef harmonisingEPC datasets from other EU MS adhering to different EPC data models.

The data transformation process of a real EPC dataset consisting of a sample of the EPC register of CyL region,
using the updated version of the “EPC4EU” target dat
successfully executed and a valid harmieedGML3.2.1 file has been obtained.

A series of difficulties encountered during the transformation procéss been described in detail, together
with the corresponding solutions adopted, distinguishing between two types of issues: those encounterd wh
filling the information related to the Building and BuildingPart feature types and those encountered during the
transformation process itself.

Moreover, practical suggestions on how to properly visualise the harmonised data in QGIS have been provided,
focusing on aspectsf the thematisation of the EPC labels.

It is worth highlightingthat both the solutions provided to overcome the obstacles encountered during the
transformation process and the suggestions provided to properly visualise the harmon&adrdQGIS, being
fully re-usable in similar data transformation/visualisation contexts, can effectively support other actors facing
similar issues.

Finally, he objective to make accessible by r@1S experts heterogeneous EPC datasets coming from different
sources and harmonised according to the common EPC4EU data model has been adhiewegth a web
application accessible through a simple browser.

A first prototype of the web application realised in 2017 has been analysed, adapsed reusedto make
simultaneously accessible sample EPC datasets of Spain and Italy.

Clicking on a building for which an EPC is available, amopvith four main parameters andhe corresponding
values shows up, facilitating the EPC data usability by+@l$ experts.

The issues encountered in the web app adaptation, required by some differences present in the content and in
the properties of the two datasets, and the related sabris adopted, have been extensively documentete
re-used in the context of possible future web app developmextensions.

In conclusion, regarding the nesability in other Member States of the EPC4EU methodology presented in this
report, the followiry lessons have been learnt:

d One of the main problems encountered to adapt the EPC4EU target data model to the Spanish EPC scheme
was the terminology used. Although the EPCs of both countries (ES and IT) are based on the EPBD, the
names of the different paameters contained in the EPCs do not always match precisely or do not always
refer exactly to the same element or the same units. In addition, the issue related to the different language
issue has to bealso takeninto account. It wastherefore,necessaryto study both models carefully to
perform the adaptation. These particularities were also seen in the different dadg, which had to be
adapted due to the particularities of the EPC in the different countries.

0 Another important problem was the lack @feolocalized information present in the Spanish EPC. This
problem was solved by combining the information from the EPCs with information from the Spanish
cadastre, which, thanks to its adherence to INSPIRE, helped fill in other information in thenawdet not
found in the original Spanish EPC.

O It is also worthhighlightingthe obligatory (or optional) nature of filling in some sections in the different
EPCs. This obligation did not always refer to the same elements for the different models, so it was
necessary to analyse it and change the cardinality of some elements adaoghd
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Annexes

Annex 1. Spanish EPC- XML version

This annex mvides a list of the columns of table”® containingall the attributesof the XML version of the
Energy Performance Certificates in Spaivhich hasbeenanalysedin the context of the activities documented
in this report The basic list of attributes has been extracted from the official docum@nfiorme de evaluacion
energética en formato digitalXML?¢), with some additional processing to ease theantification and further
analysis performed.

0

o x ox Oox

Mandatory /optional: Attributes are considered mandatory only if they always have to exist. For instance,
inside the datatype "applicant”, which is optional, the datasditcdlCodé and "name" are mandatory;
however, since the datéype is optionalthey both will be considered not mandatory. All of the datasets
that are not mandatory are considered optional.

Main cat. (Main category): The main categories of attributes (in the Spanish data model) or featuretyp

(in the target model) correspond to the main groups of attributes in each data model. They are shaded in
grey. The main categories in the Spanish data model will be adapted to match the existing or new feature
types in the target data model.

Sub-cat. (Subcategory): Data types are elements containing other attributes inside them. In this sense,
the term "subcategories" is deployed in the case of the Spanish data model. These elements are not
counted as attributes.

Code lists: are lists of possible valuethat a determined attribute could have. These lists are commonly

used in INSPIRE with the objective that each user can define their values to serve their needs. In the Spanish

data mode] all the attributes where a list of possible elements have been pded are considered code
lists.

ID:identification number of each attribute, which has been deployed in every table in the present document.
The valuestia." have been applied to those elements consideseghain category (feature type) or sub
category (datatype) since they are not counted as attributes.

Category: Main categories are listed in this column. In the case of the Spanish data mbdelategories
are to be found.

#: The mandatory attributes have been marked in blue and numbered to view tbasily.

Field: Name of the attribute, both in Spanish and English. The elements marked in grey correspond to main
categories and subcategories.

Label: Labels deployed in the XML are presented in this column., Mf&orelationship amongpthersis
represened by depicting the different levels.

Section in PDF and ID: This set of two columns indicates if the attribute or element is present in the PDF
version of the Energy Performance Certificate. The ID number corresponds to the numbers marked in the
Energy Pdormance Certificate example shown in Annex

Multiplicity: t hese columns express i f an attribute should

more (0..*) or zero times (0). The different <col
Const. (constraints): some of the attributes have different constraints, which are expressed below.

T: attributes that only refer to tertiary buildings.

R: attributes that only refer to residential buildings.

CTE:attributes related to the compliance with éhSpanish Building Code (CFEC6digo Técnico de la
Edificacion).

Admited values / format: Type of admitted value or the format it may havd.dn attribute has a set of
possible values thaare fixed it is considered a codést, and the possible valueare listed.

25
26

https://joinup.ec.europa.eu/node/704540

https://joinup.ec.europa.eu/sites/default/files/custpage/attachment/202107/20150625%20-
%20Informe%20evaluaci%C3%B3n%20energ%C3%A9tica%20edificio%20en%20formato%20elec%20XML.pdf
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0 Description: Description in Spanish of the attribute.

0 Example: An example of the possible value is provided in this column.
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All over the European Union there are hundreds of Europe Direct information centres. You can find the address of the centre
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