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EXECUTIVE SUMMARY

This reportis a summay of the work undertakenand theresults achieved in Task 5.5
Interoperability of tools with the semantic framewodFke goal of this taskis the integration
of external tools in the SEMANCO platform

Integrating external tools with the SEMANCO platform implies access to distributed data
sources These arentegrated by means of semantic technolqgieglving interoperability
issueswhich concern the communicati amongthe datg and between the data and the tools
that operate with themindustry standards such CityGML and IFC; addressthese
interoperability issueby providingcomprehensivelatamodels that cover specific domain
(e.g. city, building) Those tools which need to operate with data models basedhese
industrystandardsneed to adhere to themhese Gll-embracingstandardédata modelsan
include data fromotherdomainsby means of somextension mechanismbslowever,these
extensions are nalwaysflexible enough In somecasesdata from multiple domains and
applicationswill need tointeract with a variety of toolsin different contexts anaver
extended periods of timeThis lack of flexibility can beovercomewith an alternative
approach based on Semantic Web technologigzinciple,thesewould providethe required
flexibility to create and maintaiopen and distributed dataodels They incorporaé data
from various domains and applications while assuring the interoperability of the data with a
set of tools over time

In the SEMANCO project semantic web technologies have been applied to create open
semantic data model§heseconsist ofdistributeddata from multiple sourcesnd domains
which communicate with energssessmeribols The data sources are interlinked by mea

of shared vocabularies (e.g. ontologies)d accessed through the Semantic Energy
Information Framework whichiknows where the data is stored.

The purpose of the work carried out in this tdmsls been to empirically demonstrate the
feasibility of using semantic web technologies familitate the communication between
semantically modelled data obtained from multiple sourcesearsling energy simulation

tools With this purpose, an urban engrgimulation softwarepplicationnamed URSOS$
developed by the University of Zaragozdnas been integrated as a tool in the SEMANCO
platform. The resulting integrated tool has been applied to the demonstration cases carried out
for the city of Manresa.

URSOShas been transformed into a service which is invoked trarplatform The input
parametersequired bythe simulation enginevere obtained from th&D modelof the urban
areavisualisedin the SEMANCO platformThis used parametefi®m the 3DMaps ®ftware
together withqueries againsthe distributed data sourcdsandled by the Semantic Energy
Information FrameworkSEIF) previously developed in the projedthe outputgproducedby
the URSOScalculation engine arstoredin the platform as a newdlatalayer. It is linked to
other data through the SEIF

One of the main challengdacedin the implementation of this todlas been th@eedto
transformand simplify the3D models of building representatitm be understandable by the
simulationengine This taskhas raised questions concerning the feasibility of the distributed
approachand the use odemantic technologies to solve the communication between an open
set of data and the applications that contdractwith it.
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1 INTRODUCTION

1.1 Purpose and target group

This report presents the work carried out in Task IBteroperability of tools with the
semantic frameworkThe purposeof this task has been to empirically demonstrate the
feasibility of using semantic web technologies to address the pateroility between
semantically modelledlatg obtained from multiple sourceand ICT tools to assess the
energy performance of urban areasthe outset, interoperability needs to be distinguished
from open standdssuch as IFC or CityGMLEven though the goal in both cases is to assure

the effective communication between computers systems (data, applications), open standards
(e.g. CityGML, IFC)aim atsecuringit right from the stari anticipating or even preventing
communication problems Interoperabilitysolutions on the other hand, can be developed ad

hoc and a posteriori to solve a particular probéamongspecific systems.

Data modts based orstablishedpen standardsan be extended ®mbraceother domains
which werenot taken mto accountt themodel creationFor example]FC providesModel
View Definitions (MVD) to create subsets of the IFC schema, @tgGML has developed
Application Domain Extensions (ADE) to integrate dathich was notconsideredn the
standard. Howevertheseextensionsbasel on an alembracing standardre not flexible
enough incertaincaseswhere datdrom multiple domains and applications neéal interact
with a variety oftools over extended periods of tim&n alternative approach based on
Semantic Web technologies carovidethe requiredlexibility to createand maintairmodels
which incorporate data from various domains and applicationsrder to ensurethe
interoperability of the data with a set afots over time Suchsemantiebased data models
combine the dataentredapproach adopted by the open standards with the adgr@andof
interoperability.

To verify the feasibilityof this semantiebased solution tinteroperability, URSOSi Urban
Plaming and Sustainability, aexistingsoftware to simulate the energy performance of urban
areasi has been integrated in the SEMANCO platfoBy means osemantic technologies
(i.e. SPARQL queriesthe URSOS calculation engingas beeried with datafrom different
data sourcege.g.cadastrecensus, building typologigwsia the Semantic Energy Information
Framework (SEIFpreviously developed in the SEMANCO project.

The targegroupsfor the work presented ithis documenaretechnical teamsesponsibldor
integrating new tools into the SEMANCO platforand developers ofextensions for
standardisedata models

1.2 Contribution of partners

The work carried out in Task 5Has been ledy FUNITEC Theinterface ofthe URSOStool
with the SEMANCO platformhasbeen developed by FUNITECIMNE and FORUM have
collaborated in the&entification ofthe input values gathered from the data souncekn the
later processing of those inpuig the URSOSenergy simulation softwaré&n adaptation of
URSOSto facilitate its integration in the SEMANCO platfoimas been commission&dth
its developers, th&nivergty of Zaragoza.

This report has beejointly elaboratedby FUNITEC, CIMNE, and FORUM The internal
review has been carried obyy Nadeem Niwaz fronRamboll and Tomas Karlsson from
Agency9. A final proofreading has beewarried outby Michael Crilly from Teesside
University.
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1.3 Relations to other activities in the project

The integration of URSOS in the SEMANCO platform enables users to carry out energy
simulationsusing the datérom distributed sourceshich are combinethrough theSemantic
Energy Information Framework (SEIF) The work carried outs mostly related to #
activities of WP5 Integrated Toolsand in particular to Task 5HBrototype of the integrated
platform and Task 5.6 Integrated platformwhich are dedicated to the integration of the
various tools in the SEMANCO integrated platform.

The specificationsof the integration ofURSOS havebeen derived fronthe activity forms
which are part of theuse case methodology introduced iDeliverable 1.8 Project
Methodology

The integration of URSOS is based on accessing the data sources using the SEIF interface
which is described indetail in Deliverable4.4. Interfaces with external toal§ hrough this
interface, the URSOS tool is connectedtiie ontology repositorieband the data sources
stored in thern which have beerdescribed inDeliverable 3.4 Ontology reository with
migrated data

The demonstration scenaricarried out in WP8mplementationare closely relatedto the
work reported in this documesincethe URSOStool is usedto performenergy simulations
in the Manresa case study.
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2 SEMANTIC-BASED INTEROPERABILITY

The Institute of Electrical and Electronics Enginegii€EEE) providesa definition of
interoperability as fi(t)he ability of two or more systems or components to exchange
information and to use the information that has been exchan@e&E 610.121990, 1990).

On the other hand, thiSO/IEC 238201 describes interoperabilitg s Thdi capability to
communicate, execute programs, or transfer data among various functional units in a manner
that requires the user to have little or no knowledgehef unique characteristics of those
uni ¢SOBEC 238201, 1993).Accordingly, interoperabilityis a matter of facilitating the
exchange of information across systems by means of protocols and exchange formats.

However overthe lastfew decades, informn technology haevolved from closed and
standalonesystemsto heterogeneouand loosely coupled systems distributedthe WebAt

the same timesemantic webetchnologies have been developeith the purpose of adding

meaning to the purely syntaciiicformation.Both the increase dbosenes®f coupling and

the need for semantic explicitness have been growipgnallel (Obrst, 2003)Semantioveb
technologies are applied to integraitgher than exchanggata from multiple sources and
domains.This integration of data via shared vocabularies (e.g. ontologies) has givenaise to
Asemanti c i nliye whiclp eimr adnirabtiwithy ¢he previous i synt act i cc
interoperability the data shared across systenis already endowed with meaning that
facilitates the communication betwed¢hem

Semantiebasedinteroperable solutionsan contributan makingthe communicatiommong
systems, and between systems and data sources more eff@stismted bySalvatore &
Fernanded_ latas (2012), a semantic interoperability model improves the common
interoperability models by facilitating the interpretation of the meaning of the data. Semantic
interoperability models, with explicit semantics, can ensure that the meaning of data can be
comprehended unambigudysby both humans and systen{dlanafov et al., 2013
According to Barnicke(2011) semantic interoperabilitgannotrely on acommon ontology

that covers multiplelomains buinsteadrequires a mechanism of semantic mediation, based
on domain ontologiesnd description logic rules, which would act as a nexus between
independent domain information models and loose coupling systems

There areprecedentan different domainsin which interoperability problemshave been
addressed usingemantic technologie$n the public sectorfor example,Barnickel et al.
(2006) developeda tool to be used in eGovernment scenat@osupport the design of data
flows between semantic web services based on different ontaltgige business sectohe
interoperabilityaaoss businesformation systemhas beeraddresseddy Zdr av k o v i | a |l
Tr aj anoviwho déveldpddan architecture for implementation of the Semantic
Interoperability Services Utilities formalized the SISU ontology. In this way companies
might implement shared business dtions which are described by the ontology and
facilitated by the shared semantic applicatidnghe healthdomain,Mendes and Rodrigues
(2012) proposé a semantically annotatiomethod for automatic acquisition of cpoter
basedpatientrecords(CPR)from the medical historysingontologies

2.1 Interoperability and standard data models

At the outset, interoperability needs to be distinguished from open standards such as
CityGML and IFC. Even though the goal in both casssto assure the effective
communication between computers systems (data, applications), open staingatds
guarantee it from the starfanticipating and preventing the communication problems.
Interoperability, on the other hand, can be developed adamol a posteriori to solve
particular problerabetween specific systems.
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2.1.1 CityGML

The City Geography Markup Language (CityGML) is a common information model for the
representation 08D urbanobjects. CityGMLi an official standard of the Open Geospatial
Consortium (OGC) since 200&(6ger et al., 2008 has becomea de factcstandard widely
accepted by the geospatial indusffywo of the mainCityGML features, multresolution
representation of virtuaBD city models anda rich semantic model with wetle y n e d
meaningof the geometric informatigrensure the interoperability between tools and services.
A CityGML-based3D model can be used to exchange information betvaeemtects, urban
planners, and constructi@@mpaniegGroger & Plumer, 2012).

The interoperability between tools and services is solved in the City@bhtext by
exchanging data structured with the agreed CityGML standard model. That is, a tool that
needs tocommunicate withanothertool or system It does thisby importing / exporing a
CityGML model. Domainghat arenot covered by CityGML can be modelled by means of
Application Domain Extension®ADE). An ADE dedicated t@nergywhich includes a set of
indicators for modelling energy consumption of buildingslity infrastructure digribution

and capacities, and power statiomesurrently under developme(Kriger & Kolbe, 2012).

2.1.2 Industry Foundation Classes (IFC)

In the Architecture, Engineering, and Construction (AE€jtor,the interoperability between
professionals and tools ssipported byuildingSMART technologies: IFC, IDM and MVD.

IndustryFoundationClasses (IFC)s adata modetlevelopedy the International Alliance for
Interoperability (IAl) to supportda&a exchangen the AEC sector IFC providesa set of
concepts ¢lases, attributes, relationships, propesggsand quantitydefinitions) to represent
abuilding and itscomponentslt has been designed to exchabgéding information over the

whole building lifecycle.ThelAl is continuouslymproving the datanodel ly releasing new
versions which contain new classes and properties that enable enhanced interoperability
among applications in the AEC industry. The lastasé of the IFC model is the version IFC4
(formerly IFC2x4) (BuildingSMART, 2013).

The Information Delivery Manual (IDM defines what information must be in the data
exchange between professionals and tools, thus the business rules applicable to that data are
included.

Model View Definitions (MVD) express a subset of the IFC Schermeoviding
implementation guidance for all IFC concepts (classes, attributes, relationships, property sets
andquantity definitionsamong othefsused within this subsa¥1VD describe the information
exchanges defined in one or more related IDM#ough IDM and M\D technologies can
facilitate interoperability, loss of data has been reported as a prof@anvalho & Scheer,
2012).

Similar toCityGML, IFC is an open standard which can help to saly®ioriinteroperability
problemsbetween toolsapplications and séces anda posteriarthrough the extensions of
the standards (ADE in the case of CityGML, MVD in the case of.IFC)

2.2 Open semantic data models

Both standard data models CityGML and IFC T overcome interoperability issues by
assuming the existence affiu n i q u efiov i a rdaaariodel(the one captured by the
standard) which ishared and agreed lBycommunityof usersand reinforced by the industry
Afterwards what is not captured in the original model is incorporated via extensions of the
standardsAn alternative approach comes from emantic Weland the Linked Open Data
initiatives.
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Previous research wohasattemptedo incorporateéSemantic Web technologi@so standard
datamodels CityGML and IFC Métral et al. (2010)presented a set afase studiegair
quality and cultural heritag@ demonstrating how ontologieuld go beyond the semantic
limitation of the CityGML data modelt improve interoperabilityTo demonstrate ,itthey
generated somgemantic links between the Ontology of Urldfalanning Procedsdeveloped
by the author$ and CityGML Katranuschkov et al. (2008)eated an ontological framework
to access data in IFC formand retrieve product data from @epository using ISO STEP
specification and ifcXML

In the SEMANCO project, semantic web technologies have bemgpliedto create open
semantic data modelsonsistingof data from multiple sources which communicate with
energyassessmeitbols (Figurel). Ontologies assure the interoperability in two ways:

- the interoperability among data from multiple domains, sources and applications. This data
exchange is controllethy the Semantic Energy Information Framewo(BEIF) which
Aknowso not onl y bubwhereteeadatdisnstpredd f t he dat a

- the ineroperability between the data semantically modeled and the tools that interact with
them.

Data connected

DATA N TOOLS
through the

SEIF __— _xo

Figure 1. Interoperability data/tools controlled through the SEIF

In this open semantic model, the different layers of data obtained from multiple sources are
interlinked to each other via the shared vocabulary (e.g. ontolobies).a polygon ina 3D

mo d e | i tomegawplaits relationto the information faciliteed by the different data
sources such as tleataster censusor climate data This semanticallymodelleddata also

i k nsowith which toolsit can interact, for example, to perform an energy simulaiibe
access to the data and tools takes plaitkin the SEMANCO integrated platfornhis
enables endisers to apply a variety of tools upon the semantic idasailable for a given

urban energy model.

The work reported in the following sections describes the implementation of this concept with
the examfe of the URSOS software interacting with the multiple dadarces useth the
Manresa case study.
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3 SOFTWARE TOOL INTEGRATION: URSOS

Urban Planning and Sustainability (URSOS) is a software tool for assessing and comparing
the energy and environmental performance of buildings in an urban arbas Ibeen
developed by the Grupo de Energia y Edificacion, from the University of Zaragoaia)(S

The program simulates the therntehaviourof buildings or residential areas according to
climate conditionsthermal characteristics of enclosures, ventilation rates and vdjseee
Deliverable 5.1Building Extraction and Classification Todigr further detailed information

The aim of URSOS is to provide an energy analysis method that allows urban planners to
optimise energy demarsdfor a group of buildings. Iprovidesresultsat different scaleslt
aggregates the individual performance ofidings andcalculateghe energy performance of

the target urban areahis is germane abe assessment of the energy performance at different
levels is also a key issue to be considered in the selection of théSemIDeliverable 2.3
Impact verificatia).

URSOS has a usé#riendly interface to introduce inputeededor the calculationdHowever,

as it was evident during the first demonstration scenario, introducing the required daga can
a very time consuming taskS¢e Deliverable 8.2mplementationSuccess Indicato)s
Moreover URSOSdoes notprovide an interface to introducénputs from2D or 3D urban
modesk. Thereforeto link this toolwith the data facilitated by SEMANCO platfortie input
parameters (e.g. geometry, urban conditions, clinfatidding energy propertieand energy
systems, among othetsdve to be provided in a proprietary file formatted in XML.

In the project of SEMANCO, we have used the calculation engine of URSOS to incorporate
an energy assessment toolthre SEMANCO platform. The URSOS tool has been upgraded
by the University oZaragoza in order to let the calculation engine work f@eevice. In this

way, the input parameteido not have to be introduced manually lmain be automated
through an input XML file To performthe energy simulation®JRSOSrequires different
types of data inputsgéometric, structuradnd occupatiof which need to beetrieved from
different data sources such as the GIS model of the city, the cadastre, the arghshs
official statistcs, among othershis link between the URSOS tool and the dispersed data is
providedby theSEIF

The guidelinesto generate thXML input file have beecompiledby the domain experts in
the activity forms (seéAPPENDICESA, B, and G in accordance to the specifications
contairedin the activity forms created for the use cémewhich an energy simulation of an
urban area is require(bee Deliverable 1.8roject Methodology The activity formsalso
contain preciseinstructionsfor the retrieval ofdata from the sources aiigd processg to
create the filehatURSOS will use as input to perform the calculations

3.1 Adopted solution

The SEMANCO integrated platform is thenvironmentn which the endusers interact with

the tools which, in turn access the semantically mdeel data The semantic energy
information framewor SEIF) connects the data required by the tools with the users and the
tools. External tools can bentegrated in the platfornm different ways, dependingon the
characteristicef the tool®interface. In the case &fRSOS it has been possible to execute it
asabatch processuising anXML file as input data. Thisontains all the data needed to carry
out theenergysimulation.The input file is filled with the dta retrieved from the SEWfsing
SPARQL queries
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Platform 7.Reading
URSOS output
6. Generating XML

[input file for URSOS] < URSOS

L

Integrated tools |

v

1. Selecting 4 = SEIF
a building 5. Filling
input form 4. Federated
querying
3dMaps ¥ ) -
< < »  Manresa
2. Retrieving geometric repositor
J properties of a building 3. Querying building P y
properties and urban data cee

Figure 2. Workflow of the integration dfRSOS

The energy simulations are ded out by theURSOSengine followinga workflow (Figure

2). Steps 1 to 5 arthe same in any othexternal tool integrated in the platfor®@teps 6 and

7 are specificto URSOSsince those steps generate the input file and read the output file
produced byJRSOS

The description oéach proceduratepis as follows

3.1.1 Step 1. Selecting a building

The building selection happens in thetegrated fatform interface It can be achievedby
selecting a model in th&D representatioiiFigure 3)or by selecting the buildinfrom a list.
Buildings can be identified by a specific ID provided by the cadastier source and also by
an identifer providedby the3D model.In this manney each building has aniquelD used in
the 3D modeland another one to query the urban data through the SBtea building is
selecteda data entry form is shown to the usknis form isalready completedith the data
from the sources through the SEIF.

SEMANTIC TOOLS FOR CARBON REDUCTION IN URBAN PLANNING Co-funded by the European Commission within the 7th Framework Programme
Home Analyses Data Services About Logged as: admin Logout

Default Uirban Energy Model Manresa

\:L)rhtar[Engrgy Model w | | Plan v Project |

/4 | Units
® Annual
m’fannual

Urban indicators

1,479 m?
20m No o

io

3
29,580 m?

Store
0000

Il

21,740.1 kwh
548,840 kwh
150,370 kgCO2
1,227,110 €

o
@
3

ormance indicators

=
5

option

i

Visualization options

[ Generate thumbnail

Figure 3. Building seletion in the Platform interface

3.1.2 Step 2. Retrieving geometric properties of a building

Theaim of the secondtep is to retrieve the geometproperties of a building froBDMaps
the graphic engineesponsiblefor representing the city iBD. Each building has a unique
identifier which is used tohold the geometricpropertiesusing the 3DMaps SDK API
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methodsThese properties are introduced in the data entry form. The other fields of the form
(i.e. wallu value, occupancgndsystem parameters, among othens filled in the steps 3, 4
and 5 of the workflow.

3.1.3 Step 3. Querying building properties and urban data

In the third stepSPARQL queries arexecutedto retrieve the specific data thBRSOS
requires.To do this,the parametergorresponding to the type of building selectade
obtained following tk sequencéelow.

1. Obtainfiyeaio of construction of the buildiy
2. Haverfage classof that year of construction
3. Query forthe specific parameter of the building typology

The first two queries run one tinoely andthethird onerepeats itselfor each parametefhe
first step ofthis processs undertakerusing the cadaster 1Df the selected building to retrieve
theyear of construction (Figu). The cadaster ID value is in the variabfebcadrefand the
year of construction is obtained in the variahi@year.

PREFIXsumo: <ttp://www.ontologyportal.org/SUMO.owl#>
PREFIXsemanco: <http://www.semangooject.eu/2012/5/SEMANCO.owl#>

SELECTDISTINCT ?year
WHERE{
?b  asumo:Building;
semanco:hasAge [semanco:year_Of ContructionVayear;
semanco:hasBuilding_Cadastral_Data [
semanco:hasCadastral_Refere |
semanco:cadreflValueStadref."]].

Figure 4. Query to retrieve the year of construction

With the year of construction (?year, in FiguB the age class can be queried with the
SPARQL query shown in Figure The age class of the building is in tAagevariable, the
variables?to and ?from contain the starting antie ending year of the class (i.e. 1924960),
andthe year of constructiois in the variablébyear_of_constructianThe filter clauses used

to select the proper building typology of the Manresa source since other typologies in other
citiesmay exist

PREFIXsumo: <http://www.ontologyportal.org/SUMO.owl#>
PREFIXsemanco: kttp://www.semancgroject.eu/2012/5/SEMANCO.owl#>

SELECTDISTINCT ?age ?to ?from
WHERE{
?age asemanco:Age Class ;
semanco:hasTo_Yepgemanco:toYearValueto ].
semanco:hasFrom_Yepemanco:fromYearValugfrom ].

FILTER (?to >= '$year_d_construction.' ||?to="-") .
FILTER (?from <= '$year_of_construction' || ?from ="-") .
FILTER REGEX(?age "manresa”) .

Figure 5. Query to retrieve thage class of a building

In the Manresadatarepository building typologies aré&dentified by year classr the income
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class For exampleit is possible taetrieve the typology properties using the age ckgsire

6 shows another example @aSPARQL queryusedto retrieve the walue of the roof. The age
class is in the variabl®age_uriwhich is used as an URI to select a specific RDF tripte
u-value of the roof is obtained in the variaB@value Other propertiessuch as th¢hermal
comfort,can be obtained using the income class instead of thelasge

PREFIX sumo: <http://www.ontologyportal.org/SUMO.owl#>
PREFIXsemanco: <http://www.semanguooject.eu/2012/5/SEMANCO.owl#>

SELECT DISTINCT?uvalue
WHRE {
?b  semanco:hasSpace |
semanco:hasCS_Envelope [
semanco:hasorizontal_Superior_Enclosure [
semanco:hasRoof ?roof]]] ;
semanco:hasAge $age_uri'>.
?roof a sumo:Roof;
semanco:hasRoof -\dalue [
semanco:roof_WalueValue?uvalug .

Figure 6. Query to retrieve the roaf-value

The other fields of the data entry form WRSOSare filled following the pattern described
above.

3.1.4 Step 4. Federated querying

The SEIF receives the queries from the platform in SPARQL language. The core of the SEIF
is the federation engine which analyses the input queries and send ttienttoresponding

data sources. The data sources are SPARQL endpoints whichspamse t@ueries which

ask for datathat they can understand. Thus, the federation engine pextm®s queriedo

adapt them to the target endpoint. If the datlied bythe queryis distributed in different
sources, the federation engindlveend a piece of thguery to ®ery data source thatoald
provide a respons®©nce the federation engitas obtainedll the data needed by the input
query it sendthem back to the platform. A technical explanation of the federation engine can
be found inDeliverable 4.55enantic Energy Information Framework

3.1.5 Step 5. Filling input form

The platform receives the data from the SEIF andripet form is filled with that data. Users
canmanuallymodify the input fieldof the form amendhg the values according to whidiey
cansee ina picture of théuilding (retreved from Google Street View service) anfbrmed
by specificknowledge they havabout the buildingln this way, the user can amend or
complement the automatic inputs obtained from the platform.

3.1.6 Step 6. Generating XML input file for URSOS

The input file required bYW RSOSI formatted inxml i is generated with the values obtained
from thedata inpuform. The input filecontains the following information

- Urbanisation: Description parameters of the file such as name, location, region of the
city.

- Climate: Climate values for a typical year in the city. Temperature, radiation, and
water temperature for each month

- Drawing area: Dimensions (width and height) tib all the elements to be simulated
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Horizon: Horizon profile; the skyline made from distant geographic and urban
elementsseen from theentreof the target urban areahis skyline is represented by
a set of points indicating the azimuth and angle with respect to the south

Indicators: Urban indicatorsuch as number of shops, pubs, hospitals, among others.
These indicatorare set to default values

Plots: Plots thiselements not taken into account
Trees Trees, this elemernd not taken into account
Streets Streets, this elemerg not taken into account

Buildings: Buildings which will be simulatedzontainingthe footprint and the energy
parameters forneery suface

Obstacles Other models (e.g. adjacent buildingghich can cast shadows on the
selected buildings

Bus stops Bus stops, this elemerst not taken into account
Garbage containers Garbage containers, this eleménnot taken into account

3.1.7 Step 7. Reading URSOS output

The URSOSengineperforms theenergy simulatiorand produces an output file (also in xml
format). This output fe contains the following information foevery building that is
consdered in the target urban area:

Monthly energy demandor heating and cooling
Monthly direct and indirect solar radiatioon the building envelope

Other energy related information used for intermediate calculations (energy loses,
solar heat gains, among others)

This information, together withdditional information defined by default ahdr by the user,
is the badine for calculaing a set of energy performance indicators. The procedure is as
follows:

The monhly energydemandfor heating is aggregated in order to obtain the yearly
energydemand This energydemandis supplied by primary andecondary heating
systems, each one covering a defined surface of the building. Primary and secondary
systems operate with specific energy carr{ees electricity, natural gas or gasoil) and

and prowde different levels of efficiencyWith this data, the platform calculates the
energy demand accordingttee heating system arttie energy carrier.

With the information on energy demand and the,C#nissiors factor of the
correspondingnergy carrier, # CQ emissions of the primary and secondary heating
systems are calculated

A similar procedure to calculate the energy demand angleéd@ssions for the cooling
system is appliedn this casenly a primary cooling systei considered

Theenergydemand is aggregated according todHterentenergy carriers. The result
of this aggregation is used to calculate the cost of the energy billdoy leuilding.

The montly solar radiationon theroofs is aggregated to obtain the yearly solar
radiaton. Afterwards the potential electricity generation from solar PV panels
calculatedoy assuming a percentagethe roof surface to be coverby solar panels.

Based on information about the occupation of the building, the energy demand for the
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primary and secondary domestic hot water system is calcul@tesl. CQ emissions
and the cost of the energy kallealso calculated

In this way, the following indicators on energy performance are calculated/éoy building
within atarget urban area:

- The demand of energy carriers (i.e. electricity, natural gas or gasodyding to the
final energy use (i.eprimary and secondary heating systems, cooling system and
primary and secondary domestic hot water systems).

Electricity consumptiorof domestt appliances. These values aterived from the
household inconseprovided by national statistics.

- The drect and indirect C® emissions fromthe primary and secondary heating
systems, fronthe cooling system and frorthe primary and secondary domestict ho
water systers.

The anergybill for every energy carrier
- The ptentialelectricity productionfrom solar PV panels

Indicators are calculated fovery building and aggregated to obtain the energy performance
of the target urban area, which #nenpresntedon the integrated platform.

3.2 Simplification of the inputs

It has been necessary to makeng simplificationsto the geometric information extracted
from the Manres&BD model in order to facilitate the communication with the URSOS
calculation engine.

3.2.1 Simplification of the geometric inputs

URSOS was originally conceivedo be usedfor the energy assessment oéw urban
developmentsegecially in urban plansvherethe same buildingare repeated and spread
through thedevelopmentarea In addition URSOS considers that buildings asemple
volumes whickcan bethe result osubtracting or adding other volum@ge kgure7).

Imagen estructuras Iéj

Patio interior

Figure 7. Possibilitiesfor the creation of buildings withidRSOSsoftware

Thereforein order to carry out the required calculatiod®SOSneedsas input a simplified
geometry ofa building In the outset, thisequirement of the tool has caugatblemssince
the GIS model of Manregawhich was used to build tH&#D model in3DMapsi consisted of
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compkex shapesvhich were extrudetb create the modalfterwards(see Fgure8) !

Flgure8 Bwldmgs of the Manres8D modelin the SEMANCO platform

Restoring the integrain of the building volume

The 3D model of Manresa has been generated by extrugintygons visualised using
3DMaps to the height derived from the number of stories. In the Manresa2BI@odel,

which has been the basdengenerang the 3D model in theSDMapsvisualisationengine, a
building is usually made of more than one polygon (due to changes in height in the different
volumes thatorm a building). To restore the integrity of the building representation iBEhe
model, polygons belonging to the same building have bassigned an identifier to group
them. In this way, by selecting a polygon in 8i@Maps model, the user &ble tochooseall

the polygondelonging to the same building.

Enclosing multiple volumes in a single envelope

In the first demonstration scenaria which URSOSwasusedfimanuallp as -alonst and
application it was proved that calculation of complealumes(made of aggregated volumes

with openings orcourtyard$ gave rise toslow calculationswvhich often made the software

crash For instanceFigure 9 showsa building that URSOS isuinableto modelwith the
availablemoddling optionsof the softwardcreatingcourtyards anaddingtowers).

%

Figure 9. Building set to evaluate impact of geometric simplificationaltulations

Threeoptionswere considered to simplify cases as the one shown in the previous example:

It should be notice that, despite this limitation ahe URSOSsoftware, we have priorégd its ability to
considemutual casting ohadowsn the calculation of energy performance of buildings.
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1. Ainew s i mp | which resdlts fsom &rgngodming the original building into a

new oneby changing the heigtdo thatthe total constructed surlacemainsthe same
(Figure 10)

New simplified shape Original building modelled using courtyards
The height of the box is the average height of and towersin URSOS
the original model

Figure 10. New simplified shape
2. Aiboundi ng ebcmsedall thehvbluntes of the buildifiggure 11).

Bounding box Original building modelled using courtyards
The height of the box is the maximum height and towersin URSOS
of the original model

Figure 11. Bounding box shape

3. A fibuilding broken down irpiece® so thateveryvolumeis calculated as detached
building andthe outputs are aggregated after the calculafiégure 12)

Building by pieces Original bui_lding modelled using courtyards
and towers in URSQS

Figure 12. Building by pieces

The resultsof the tests wre that the third option provided almost the same resas$ the
referencemodel. However this third option could not be applied since URSOS cannot
understand cases in which a buildiisginside another buildingi.e. an extruded polygon
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within an extruded polygonjFigure 13). The numberof occurrences othis kind inthe
Manresa urbamorphologyis large enough as to discarsingthis option.

Figurel3Exampl e of #Abuilding inside buildincg

In the evaluation ofhe other two optionghe first one was selectethefi New si mpl i f i
s h a pmwded results that werecloser to thereference building outputsas it better
approximateghe built volume of the original buildingTherefore the real energy needer

heating and cooling collectively the most important energy consumptimnlicators are

closer to the original case.

3.2.2 Defining wall values

As it has been explained in previous sections, wall attribute vatuassifittance sun
reflection, % of openings) are assigned accordnglready existing data (mainly year of
construction), and type of wallfwo different typs of walls have beerconsidered: dcades
and dividing walls describedas a GIS shape filemade of lines Both wall types can be
covered or uncovered by an adjackuilding.All of these data is already in tB® model or
can be extracted from @&ndis relatedto external databasee determinethe final values for
everyparameter (Figure4).

ibn-neaded for each face of Mygm

Figure 14. Information extracted from th@D modelregarding wall types
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After having this information from theBDMaps the Activity Form (SeeAppendixC, Activity
forms A.M4) describes the process to calculéitte transmittancevalue which has to be
assigned to each watkking into account thgear of construction, the total surface, and the
surfacein contact with other buildings.

3.3 Technological challenge

The main technologicaihallengewas toundock thecalculation enginérom the interface in
order to integrate URSOS with the SEMANCO platioThe new development of URSOS
was broken down intthreeissuescarried out bysoftware developersom the University of
ZaragozaThe result of their workvas a new version of URSOS which can be invoked as a
fiservice .  Ttieunput parameteraclude the new input data required by the SEMANCO
platform.

3.3.1Issue 1: Inputs file

A new input file has beerdesigned’ based ora previous ond that includesall the input
parameters needed by the calculation engihe.input file includes asetof the parameters
that a user can modify through the user interfaces and also parami¢heas/alue fixed by
the calculation engindn this way,the calculation engine will be geneeaough to include
any European region. For example, the climate datia d@uprovided as an input parameter.

3.3.2 Issue 2: Outputs file

In the previous version of the URSOS tabke output coulanly be visualized in the graphic
user interface. The goatasto generate a file with the outpyterameters generated the
calculatbn engine. Thus, new indicators were calculated and included in the output file. For
examplethe solar radiatiofa solar energy potential valu®y each surfacéwalls and roofs
wasprovided as an outpuSomeof the availablendicatorswereprovidedin a disaggregated

form letting the aggregation to the SEMAN@atform

3.3.3 Issue 3: URSOS as a service

The goal of this taskvasto detach the URSOS calculation engine from the graphical user
interface which meant:

- Accepting input files with all the data ededfor running calculationsThus, the
changes of the structure of the input file modified in taslefe taken into account

- Generating output files with the response of the calculation ergioerding to the
work carried out in the task 2

- Executingthe URSOS calculation engine agiservice®. The new versions aJava
application which takes an input fite feed the calculation engine and generate an
output filewith the response of the calculation engine

3.4 User Interface

The goal of the integration of URSOS within in the SEMANCO platform is to automatically
assign values tthe input parameters with the data retrieved through the Sepitethe
automated procesasers carstill modify thevalue of theparameters if thehave precise data

of the buildingbased on local knowledge tife buildingor if they can see particulardade
details highlighted byhe Google Street View widget included in the interf@gures b, 16,

and T7). The outputs of the URSOS engine aregessedhnd aggregatingon ayearly basis

and by square meter (Figui8).
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map Ursos tool: 3007018_1639
Building properties  Occupancy @ System parameters  Outputs
Building properties
Years of construction: % dwellings with potential cross-ventilation:
1967 v 50 |
Number of complete storey's: % dwellings with potential cross-ventilation at 900:
3 50
Building Height (m):
— 7
120 J
Walls properties
. Wall U Value (W/mK): Overhangs
ICON_03 - 1 No v
CON_04 —
CON_01 Wall alpha value (0-1):
03
% windows area (%):
Window U Value (W/mK):
3 J
. Window solar factor, g-value (%):
— [0.82
Ground properties  Roof properties
?JJ‘;":":"’OU value Roof U value (W/mK): Percentage of skylight (%): ~ Skylight U value (W/m3):
o1 | 0 J o J U
Roof alpha value: Solar factor skylight, g-value (%):
04 0

Year: 1967
Total surface: 2971 m?
O 0.1070:

Figure 15. User interface to introduce the building properties

Figure 16. User interface to introduce the occupamparameters
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