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The objective of th&eCODISTIR Tproject is to develop an IntegratieDecision Support Systeior
sustainable retrofittingof urban projectsat district scale

In this context, éliverable D2.1 describes the input data required for energy efficient and accurate
retrofitting of buildings at district scale. In addition to listitige required data, providers are
identified where possibleand protocos for gatheringthe data are defined. Based on feedback

from the ECODISTIRT case studies, the data lists and gathering protocols will be further refined.
This will result in a generic approach wich is also applicable beyond the scope of this project. At
this stage, not all data needseawell defined: ther data needs may arise from the selection of
valuable KPIs for a particular case, but also from the modules requirements defined in WP3. To
handle this,n addition to this deliverablaregularly updatedist of data will be made avableto

project partners

The input data can be of several types and kinds, have different qualgiesuraciesand
NBfAIFOAT AGA SAeD colledtingddbta, MilisAektiiag to Me taken into accoupsincea

lot of information can be used laten to evaluate the results of simulation engines. For instance,
even if we know the positions and sizes of windows on a building but are not aware of glazing (e.g.
simple or double), this information can be integedtin the simulation pipeline, and, theutput

results can then be qualified in terms of reliability and fiability.

In order to ease the comprehension and identify clearly which data are required, they will be
classified using a simple typology:

Geometric and semantic

Buildings quantities ancklated statistics
Socieeconomic and demographic
Buildings usages

Climatic

= =4 -8 -4 -4
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Definition

Information and @GmmunicationTechnologies
Key Performance Indicator

Integrated Decision Support System
Universal Unique Identifier

Unit of Measure

Not applicable

Level of Detail

Geographidnformation System
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This deliverable should be entirely read by all project members and affilexésral parties

closely linked to the case stud)e®thers interested readers should start with the Executive
summary to have an overview of the deliverable and / or choose from here the sections they are
interested in.

The first sectior{introduction) of this document intrduces the deliverable.

The next chapters are dedicated to specific data, following a simple but relevant typology:
Section2 is dedicated to geometric and semamtnodelling of buildings

Section3 focuses on buildings quantities and related statistics

Sectiors4 and5 target sociceconomic data and buildings usages
Section6 is dedicated to climatic data

= =4 -4

Finally, Sectioid concludes the document.

Some annexes completedideliverable omore specific points.
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1.1 PURPOSHNTENDEND AUDIENO¥DASCOPE

The purpose of this deliverable is to propose a list of the input data required for energy simulation
at district scale. This deliverable will also focus of an &stsfion protocol for the data, and
identify their providersvhen possibleThis list and the protocols associated for data gathering will
be used by othework packagegKP$ computationand module}, but also within WP2 during the
data collection procesgasks T2.2, T2.3 and T2.4)

The primary audience of this document is the whole ECOBEISITRonsortium. This deliverable

will be the coreto identify the required and optional input data that will be used by WB@port
module® | Y R & NB y RGdgitediDecksin Sugpaort Systeithis document will also be
used by stakeholders involved in the project (for case studies), but wider also by the community
interested in energy efficient retrofitting at district scale.

The scope of this deliverable is to give a global overview of the input for energy simulation at
district scaleL i gAff KSfLI] LINP2SO0GQa LI NIYySNAR RdzNAy3
identify the data needed and how to gather them.

1.2 APPLICABLEOCUMENTS
This deliverable is related to other ECODISTRICT documents and deliverables:

1 ECODISTRTDescription of Work (DoW, d.d2/03/2012)

1 ECODISTRTTask plan Task1(d.d.03/31/2014)

f 9/ h5L{¢wL/ ¢ 2tHQa 20KSNJ RSt AJZSEIdnE B2.406 R dzS
07/30/2014 for 2.5)

1.3 INTEGRATION IN THECODISTRIOIROJECT AND INTERGGE WITH OTHERVORK
PACKAGES

WP2 of the ECODIST®RT project is focusing on the definition Methods for data collectionin

this sense, this work package does not define how to use input data or to model them, but how
they can be gathereth orderto be used by other work packages. The structure of the project as
depicted onFigurel illustrates this point of view.
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WP 1 WP 2

STAKEHOLDERS METHODS FOR
& SCENARIOS DATA
COLLECTION

WP 4 INTEGRATED DECISION SUPPORT SYSTEM

WP 5

DISSEMINATION AND
EXPLOITATION

CASE STUDIES

WP 3

SUPPORT
MODULES

WP 6

L dM

NOILVNIQ¥00D

Figurel - Work package structure @CODISTIET this deliverable is part of WRethods for data collection

However, at the end of the document (Secti@h we will give some clues and address some
guestions that emergeavhile working on this deliverable. Indeed, datasting laidthe first brick in
the building. Many questions have then to be answered, and they are related to other AVPs.
feedback loop has thus been engaged to tackleisBaes

The interactions with the other work packages can also be modetiece formally with the

following schemaKigure2). It clearly shows that WP2 isd by WP1 scenarios and WP2 modules,
as theydefineneeds. This work package is also a suppgmpart of the IDSS btih WP4 and has a

Oft SINJ O2yySOUA2Yy 6AGK

2usedafaa

Ol as

aGdzRASEZ

Figure2 - WP2 interactions with other work packages
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In the next sections, we provide a list the data required for accurate and reliable energy
simulation at district scaleThis comprises buildings geometry, associated semantic information
related quantities and usagebut alsosociceconomicand demographi@spects.Alongside this
activity, we define a protocol of acquisition and identify possible data providerdhow.and from

which sourcesdata can be collected. Furthermore, the data listed here could also be used for
other purposes such as visualisatigdther data needs may arise frothe selection of valuable

KPIs for a particular case, but also from the modules requirements defined in WP3. To handle this,
a list of data, separated from this deliverable will be made available, and itb&villegularly
updated withlinks betweendata Isted,KPIs andelectedmodules for the case studies.

Data KPI Module LoD  Source / Provider / Collection method Required

Since this deliverable is dedicated to data listing for efficient and accurate energy simulation at
district scale, walrew up a comprehensive overview of the input data for such simulationthis

sense, the content of this deliverable is as far as possible agnostic with respect to any case studies,
and in particular, the ones targeted by ECODIKITIRprojectHowever,in close collaboration with
WP1,WP3, WP4 and WP8uring the projectwe will have to:

Select required and optional input with respect to defined scenarios (WP1)
Decide how to model data (WH2.5 and WP4 D46

Select required and optional input datath respect to KPI we wish (WP3)
Select required and optional input data with pest to case study (WP5)

= =4 -4

To support the Framework developed in WP4 to perfidRi calculations from WP3 a set of input
data is needed. This input data should be gathered by WP2. A first step into this process is to
determine the set of needed input data by WP3 calculations and what can be delivered f
excisting sources or tools.

The overall list of all this data should be identified within T2.1 and is described in this document.
From this list we can identify what data is missing and should be gathered. In tasks T2.2, T2.3 and
T2.4 the gathering of the missing data is addresged2.5 an inventory is executed which looks at
(existing) data standards that acapable oencompassinghe data identified in T2.1.

Regarding how to model data, we propose some guidelines at the end of the docuevent,
thoughthis is the specific ppose of Task 2.5.

ECODISTT FP7 project
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2 (GEOMETRIC AND SEMAGIMODELING GHTY OBJECTS

2.1 INTRODUCTION

As a basis for the Integrated Decision Support System for sustainable district retrofitting, we need
to have a geometric model of the building stock, enriched with semaiatia. Firstly, these data

are needed forvisualisation and interactive querying, which can be used for communication
purposes.

Moreover, they are the starting point ghearly)all the other data listed in this deliverable, since

most of them are attachedo buildings. The geometry describes the shape of the buildings,
whereas the associated semantic describes (some) buildings characteristics. To clarify our purpose,
fSGQa AYF3IAYS (GKIG 6S KFE@S I 3S FigBeB)NFoModslB LINES
energy and to compute KPIs, we need more than this simple geonietrgpective whetheit is

H5 2NJ o5®d® ¢KAa NIg 3IS2YSGNEB ySSR {2FodnStanée) dza Y S
the first level of semantic information can be the followinghich parts of building geometry

consist of wallandwhich pars are forroofs (seeFigure4)? Then, when these architectural parts

are identified, it is possible to add even more information: for each wdit are thepositions of

the windowsand what are their sizesvhat are their energetic characteristics, @tc

ANV
IO

7"‘\““" b
I3 @‘mﬁi“‘a

Figure3 ¢ Purely geometric view of a LoD2 3D city model of the Rotterdam case study district (CityGML 1.0souncat
http://www.rotterdam.nl/links_rotterdam_3d)

It clearly appears that semantic modelling is closely related and correlated with geometric
modelling. Indeed, there is no intereset in providing skylight positions if the geometric modelling
simply consists in an extruded polygdhat is to say thatredl2 2 T Qa &aKI LJS Iy R 2 NX

! As all links throughout this document, last accessed May 2014
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known. In this sensesemantic modelling depends on the geomettevel of detail (o).
Moreover, we can also state that semantic modelling is an incremental process. We can start to
model buildings with their simpl@D geometry,extrude them to produce a 3D modelnd then
ARSY(GAFTe GKSANI YFAY I NOKAGSOGzZNF £ LI NIa o664t
O2YLRYSyix 6S OFly NBFAYS G(GKS S@St 2F Ay TF2NYI
poR GA2yad 2y SIFOK ¢glfftaz 2N NP2FaQ &dzLJSNE G NHzO ¢

Figure4 - Global view (left) and zoomed view (right) on a LoD2 3D geonagtdsemanticity model of the Rotterdam case study
district (CityGML 1.0fmat). In this model, semantic information is limited to the distinction between walls and roofs.

Thus, depending on the required accuracy, meed to be able tohandle different kinds of
geometries: 2D footprint combined with height for a gloloaterview or real 3D geometry for a
more accurate and reliable view.

2.2 DATALIST

In the following tablesTable1lTable2, Table2 and Table3) we list the data related to building
geometry andfirst levelsemantic.We have chosen to conceive the global (ste Annex A) in
cutting semantic information through several levelBhat is why most of the buildings properties
(related tothermal characteristigsare not listed in this first part, but later (see Sect®)n

Building 2D footprint NA NA
Building 2D roof shape Most of the time, same as NA
building 2D footprint with a
positive height shift

% Throughout this document, we will refer to LoD as defined by the CityGML OGC StéBdtayedr, Thomas H. Kolbe,

Claus Nagel, & Kadeinz Hafele, 2012%eealso Annex Bor more details.

*C2NJ it GKS dlLofSa 2F (GKAaa Rz20dzySyids GKS atz2aaroft$s gl
considered as the set of limited values.

* Units listed here can of course be adapted to input data (for instance switchrfnorto cm).

ECODISTT FP7 project
D2.1Exhaustive list of data required for accurate aafiable energyimulations at district scale,
with anacquisition protocagland identification of data providers
A
Dissemination level PU
Pagel7 of 49



Hllmm
DISTR-ICT

Integrated decision support tool for retrofit and renewal towards sustainable districts

Building gross floor area UOM [m?]
Height Should specify if height is UOM [m]
measured af dzii G SNE N

Building 3D geometry NA NA

Tablel - Data related to buildings' geometry

ID UUID
Name Refer to(xNL, 2002) NA
Adress Refer to(xAL, 2002) NA
Construction date Year
Last renewal Year
Renewal type Inside thermal insulation NA

Outside thermal insulation
Glazing replacement

X
Heritage protection True if the whole building is protected Boolean
Number of complete storeys Positive integer
Windows positions For each window, the position of th NA

center in the associated wall
coordinate system
For each facade

Windows sizes For each window, a couple wvélues UOM [m.m]
For each facade
Windows percentage /'y 6S RSRdzOSR T Rate (per wall/roof)

geometries and windows sizes
For each facade

Table2 - Data related to buildings' semantic
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Tablel presents the main geometric characteristics of the buildings. However, from these first
inputs, other relative data can be computed or derived, if they are not availgibtequired by
simulation engines) They are presented ifiable3.

Building volume 1 Building 2D geometry + height UOM [n7]
1 Building 3D geometry
Building totalfloor area f Building 2D geometry + Numbt« UOM [m?]

of storeys
1 Number of storeys + Buildin
gross floor area

Orientation {1 Building 2D geometry UOM [angle]
1 Building 3D geometry
Window orientation 1 Building 2D geometry + window
positions
71 Building 3Dgeometry + windows
positions

Table3 ¢ Some of the hildings's geometry datevhich can be computed or derived from the main data (fablel)

2.3 ACQUISITION PROTO@MID DATA PROVIDERS

Nowadays, thebasiclevel of detail for building modelling is widely available in GIS fofiats
Usually, the building$ootprints are associated witbnly litle semantical information. Heever,
the main height of the bildings is a usual attributehus, it 5 always possible tgeneratea LoD1
geometric modelAlthough suchHow leveldata are available at country scaBme municipdities,
local auttorities and private companies have invested in the creation of rifbel®?) ¢ in terms of
both geometry and semantic city models (se€&igured).

These more detailethodels are not widely available, or can suffer from errom¢esitrey were
originallymodelled for visualisation purposeBven if available, as for the Rotterdam casaedy
(seeFigure3 and Figure4), e.g.modeling errors have to be checked before they can be used in
real simulationsMoreover, most of the itne, they are only given at LoDR LoB models are
required, their creation can belone with mixing information fromrecent advances from
computer visionand geometry processingsearchesThese new techniques start with acquiring

® This is a remark that can be generalized to any kind of dst&only present in this document some of the derived

data that can be computed for buildings filustrative purposes.

® Thanks to the European INSPIRE directive, GIS data related to buildings will be made consistent across European data
providers in 201%European Commission Joint Research Centre, 2013)
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ground based image of the buildings of interest, and mix them with a LoD1 mottelcreate
enriched modelsFor instance, with such techniques, we can extract several levetsyaraic’:

1 Windows on facades (and thus their positions and sizeglre5 (left)
1 Fully interpré the facade with extracting their main architectural componefgsreys,
walls, windows, balconies, roof$)igureb (right)

Figure5- Windows extraction and semantic interpretation of buildings' faca@&)images

This kind of process can also be conducted directly 8ittgeometrylt howeverrequires that the
geometry is accurate enough to fulfil the semantic rules defintiGhiexandreBoulch, Simon
Houiller, Renaud Marlet, & Olivier Tournaire, 2Q13pme results of the outdoor semantic
interpretation of 3D purely gemetric models are presented drigure6 and onFigure7 (resp.for
outdoor andindoor semantic interpretatiop

" Foor plans can also bring this information. However, they are most of the time not easily available. In the case they
are already digitalized, their automatic interpretation is very hard to be achieved. They can therefore be useful to
delineate spaces, insemi automatic way.
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Figure6 ¢ Outdoor €mantic interpretation of 3D CAD models. Color interpretatigrayfor walls, green for ground and slabs,
orange for roofs, light blue for windows and doors, dark blue for windows and door frames

Figure7 - Indoor semantic interpretation of 3D CAD mod@gample on stairs)Color interpretationdark orange for slabs, middle
orange for tread and orange for riser

In the case where 3D geometric models are not available, at@b poor resolution and accuracy
to be used by simulation engines, one can consider automatic 3D reconstruction from aerial or

ground based images. Nowadays, this is a rather well medtprocess.Some reconstruction
examples on Aen-Provence and Paris (Franeeg provided orFigure8.
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Figure8 - Automatic 3D geometric reconstruction from aerial images. From left to righteBrovencepParis, lle SaiFDenis
(France)

| 26 SOSNE (GKS 2dzillzi 2F &adzOK | LINRPOSaa Aa G2
geometric information and no semantic. Moreover, the number of triangles is untractable for
simulation engines. We thus ad to process this first output to extract the polyhedral shapes of
buildings and basically semantize thémournaire, 2013)An overview of the process is presented

on Figure9.

Figure9 - From3D automatic geometric reconstction to semantic modellingleft to rightand top to botton) Automatic 3D
reconstruction from aerial images; Extraction of buildings; Zoomed view on a single building (approx. 5000 triangles}tiGonstr
of a polyhedral complex with extracted planar primitives; Bolidshape extraction from the ogplex; Semant modelling of the
building (red: roof, gray: walls, green: ground).

Several ways of gathering geometric and first level semantic data are thus available. For the
geometric modelling, we should consider first data available in GIS formats and provided by
National Mapping Agencies (usually to produce a LoD1 model) which are widely and (most of the
time) freely availablelf more complete data are available (LoD2 model), as for Rotterdam, we
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