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ABSTRACT   
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Integrated decision support tool for retrofit and renewal towards sustainable districts 
 

 
 

 

 
ECODISTR-ICT FP7 project 

D2.1 Exhaustive list of data required for accurate and reliable energy simulations at district scale, 
with an acquisition protocol, and identification of data providers 

Â 
Dissemination level PU 

Page 6 of 49 
Page 6 of 49 

 

EXECUTIVE SUMMARY 
The objective of the ECODISTR-ICT project is to develop an Integrated Decision Support System for 
sustainable retrofitting of urban projects at district scale. 
 
In this context, deliverable D2.1 describes the input data required for energy efficient and accurate 
retrofitting of buildings at district scale. In addition to listing the required data, providers are 
identified where possible, and protocols for gathering the data are defined. Based on feedback 
from the ECODISTR-ICT 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 needs are well defined: other 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, in addition to this deliverable a regularly updated list of data will be made available to 
project partners. 
 
The input data can be of several types and kinds, have different qualities, accuracies and 
ǊŜƭƛŀōƛƭƛǘƛŜǎΣ ǳǎŀƎŜ ǊƛƎƘǘǎ Χ When collecting data, this aspect has to be taken into account, since a 
lot of information can be used later on 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 integrated in the simulation pipeline, and, the output 
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 and related statistics 

¶ Socio-economic and demographic 

¶ Buildings usages 

¶ Climatic 
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GLOSSARY /  LIST OF ACRONYMS 
 

Acronym Definition  

ICT Information and Communication Technologies 

KPI Key Performance Indicator 

IDSS Integrated Decision Support System 

UUID Universal Unique Identifier 

UOM Unit of Measure 

NA Not applicable 

LoD Level of Detail 

GIS Geographic Information System 
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READING GUIDE 
 
This deliverable should be entirely read by all project members and affiliates (external parties 
closely linked to the case studies). Others 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 section (Introduction) of this document introduces the deliverable. 
 
The next chapters are dedicated to specific data, following a simple but relevant typology: 
 

¶ Section 2 is dedicated to geometric and semantic modelling of buildings 

¶ Section 3 focuses on buildings quantities and related statistics 

¶ Sections 4 and 5 target socio-economic data and buildings usages  

¶ Section 6 is dedicated to climatic data 
 
Finally, Section 7 concludes the document. 
 
Some annexes complete the deliverable on more specific points. 
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1 INTRODUCTION 
1.1 PURPOSE, INTENDEND AUDIENCE AND SCOPE 
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 acquisistion protocol for the data, and 
identify their providers when possible. This list and the protocols associated for data gathering will 
be used by other work packages (KPIs computation and modules), but also within WP2 during the 
data collection process (tasks T2.2, T2.3 and T2.4). 
 
The primary audience of this document is the whole ECODISTR-ICT consortium. This deliverable 
will be the core to identify the required and optional input data that will be used by WP3 (Support 
modulesύ ŀƴŘ άǊŜƴŘŜǊŜŘέ ƛƴ ²tп όIntegrated Decision Support System). This 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 scale. Lǘ ǿƛƭƭ ƘŜƭǇ ǇǊƻƧŜŎǘΩǎ ǇŀǊǘƴŜǊǎ ŘǳǊƛƴƎ ǘƘŜ ǘŜǎǘƛƴƎ ǇƘŀǎŜ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ǘƻƻƭǎ ǘƻ 
identify the data needed and how to gather them. 
 

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

¶ ECODISTR-ICT Description of Work (DoW, d.d. 12/03/2012) 

¶ ECODISTR-ICT Task plan Task 2.1 (d.d. 03/31/2014) 

¶ 9/h5L{¢wL/¢ ²tнΩǎ ƻǘƘŜǊ ŘŜƭƛǾŜǊŀōƭŜǎ όŘǳŜ ŘŀǘŜ олκммκнлмр ŦƻǊ 5нΦнΣ D2.3 and D2.4, 
07/30/2014 for D2.5) 

 

1.3 INTEGRATION IN THE ECODISTRICT PROJECT AND INTERACTIONS WITH OTHER WORK 

PACKAGES 
 
WP2 of the ECODISTR-ICT project is focusing on the definition of Methods for data collection. In 
this sense, this work package does not define how to use input data or to model them, but how 
they can be gathered in order to be used by other work packages. The structure of the project as 
depicted on Figure 1 illustrates this point of view. 
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Figure 1 - Work package structure of ECODISTR-ICT; this deliverable is part of WP2 Methods for data collection 

However, at the end of the document (Section 7), we will give some clues and address some 
questions that emerged while working on this deliverable. Indeed, data listing laid the first brick in 
the building. Many questions have then to be answered, and they are related to other WPs. A 
feedback loop has thus been engaged to tackle the issues. 
 
The interactions with the other work packages can also be modelled more formally with the 
following schema (Figure 2). It clearly shows that WP2 is fed by WP1 scenarios and WP2 modules, 
as they define needs. This work package is also a supporting part of the IDSS built in WP4 and has a 
ŎƭŜŀǊ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ ²tрΩǎ ŎŀǎŜ ǎǘǳŘƛŜǎΣ ŀǎ ǘƘŜȅ ōƻǘƘ use data. 
 

 

Figure 2 - WP2 interactions with other work packages 
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In the next sections, we provide a list of the data required for accurate and reliable energy 
simulation at district scale. This comprises buildings geometry, associated semantic information 
related quantities and usages, but also socio-economic and demographic aspects. Alongside this 
activity, we define a protocol of acquisition and identify possible data providers, i.e. how and from 
which sources data can be collected. Furthermore, the data listed here could also be used for 
other purposes such as visualisation. Other 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, 
a list of data, separated from this deliverable will be made available, and it will be regularly 
updated with links between data listed, KPIs and selected modules 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, we drew up a comprehensive overview of the input data for such simulations. In this 
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 ECODISTR-ICT project. However, in close collaboration with 
WP1, WP3, WP4 and WP5, during the project, we will have to: 
 

¶ Select required and optional input with respect to defined scenarios (WP1)  

¶ Decide how to model data (WP2 D2.5 and WP4 D4.5) 

¶ Select required and optional input data with respect to KPI we wish (WP3) 

¶ Select required and optional input data with respect to case study (WP5) 
 
To support the Framework developed in WP4 to perfom KPI 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 from 
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 addressed. In T2.5 an inventory is executed which looks at 
(existing) data standards that are capable of encompassing the data identified in T2.1. 
 
Regarding how to model data, we propose some guidelines at the end of the document, even 
though this is the specific purpose of Task 2.5. 
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2 GEOMETRIC AND SEMANTIC MODELING OF CITY 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 semantic data. Firstly, these data 
are needed forvisualisation and interactive querying, which can be used for communication 
purposes. 
 
Moreover, they are the starting point of (nearly) all the other data listed in this deliverable, since 
most of them are attached to buildings. The geometry describes the shape of the buildings, 
whereas the associated semantic describes (some) buildings characteristics. To clarify our purpose, 
ƭŜǘΩǎ ƛƳŀƎƛƴŜ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ ƎŜƻƳŜǘǊƛŎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎǎ όǎŜŜ Figure 3). To model 
energy and to compute KPIs, we need more than this simple geometry, irrespective whether it is 
н5 ƻǊ о5Φ ¢Ƙƛǎ Ǌŀǿ ƎŜƻƳŜǘǊȅ ƴŜŜŘ ǘƻ ōŜ άŀǳƎƳŜƴǘŜŘέ ǿƛǘƘ ƘƛƎƘŜǊ ƭŜǾŜƭ ƛƴŦƻǊƳŀǘƛƻƴ. For instance, 
the first level of semantic information can be the following: which parts of building geometry 
consist of walls and which parts are for roofs (see Figure 4)? Then, when these architectural parts 
are identified, it is possible to add even more information: for each wall, what are the positions of 
the windows and what are their sizes, what are their energetic characteristics, etc? 
 

 

Figure 3 ς Purely geometric view of a LoD2 3D city model of the Rotterdam case study district (CityGML 1.0 format; source: 

http://www.rotterdam.nl/links_rotterdam_3d
1
) 

 
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 polygon, that is to say that real ǊƻƻŦΩǎ ǎƘŀǇŜ ŀƴŘ ƻǊƛŜƴǘŀǘƛƻƴ ŀǊŜ ƴƻǘ 

                                                      
1
 As all links throughout this document, last accessed May 2014 

http://www.rotterdam.nl/links_rotterdam_3d
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known. In this sense, semantic modelling depends on the geometric level of detail (LoD2). 
Moreover, we can also state that semantic modelling is an incremental process. We can start to 
model buildings with their simple 2D geometry, extrude them to produce a 3D model, and then 
ƛŘŜƴǘƛŦȅ ǘƘŜƛǊ Ƴŀƛƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǇŀǊǘǎ όǿŀƭƭǎΣ ǊƻƻŦǎΣ ƎǊƻǳƴŘ ΧύΦ [ŀǘŜǊ ƻƴΣ ŦƻǊ ŜŀŎƘ ŀǊŎƘƛǘŜŎǘǳǊŀƭ 
ŎƻƳǇƻƴŜƴǘΣ ǿŜ Ŏŀƴ ǊŜŦƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΣ ŦƻǊ ƛƴǎǘŀƴŎŜ ǿƛǘƘ ŀŘŘƛƴƎ ǿƛƴŘƻǿǎΩ ǎƛȊŜǎ ŀƴŘ 
posƛǘƛƻƴǎ ƻƴ ŜŀŎƘ ǿŀƭƭǎΣ ƻǊ ǊƻƻŦǎΩ ǎǳǇŜǊǎǘǊǳŎǘǳǊŜǎ όƭƛƪŜ ŎƘƛƳƴŜȅΣ ŘƻǊƳŜǊ ΧύΦ 
 

  

Figure 4 - Global view (left) and zoomed view (right) on a LoD2 3D geometric and semantic city model of the Rotterdam case study 

district (CityGML 1.0 format). In this model, semantic information is limited to the distinction between walls and roofs. 

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

2.2 DATA LIST 
 
In the following tables (Table 1Table 2, Table 2 and Table 3) we list the data related to building 
geometry and first level semantic. We have chosen to conceive the global list (see Annex A) in 
cutting semantic information through several levels. That is why most of the buildings properties 
(related to thermal characteristics) are not listed in this first part, but later (see Section 3). 
 

Data Possible values3 Unit4 

Building 2D footprint NA NA 

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

NA 

                                                      
2
 Throughout this document, we will refer to LoD as defined by the CityGML OGC Standard (Gröger, Thomas H. Kolbe, 

Claus Nagel, & Karl-Heinz Häfele, 2012). See also Annex B for more details. 
3
 CƻǊ ŀƭƭ ǘƘŜ ǘŀōƭŜǎ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘΣ ǘƘŜ άtƻǎǎƛōƭŜ ǾŀƭǳŜέ ŎƻƭǳƳƴ ƛƴǘŜƴŘǎ ǘƻ ǇǊƻǾƛŘŜ ŜȄŀƳǇƭŜǎ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ōŜ 

considered as the set of limited values. 
4
 Units listed here can of course be adapted to input data (for instance switch from mm to cm). 
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Building gross floor area  UOM [m²] 

Height Should specify if height is 
measured at ƎǳǘǘŜǊΣ ǊƻƻŦ ǘƻǇ Χ 

UOM [m] 

   

Building 3D geometry NA NA 

Table 1 - Data related to buildings' geometry 

 

Data Possible values Unit 

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 
Outside thermal insulation 
Glazing replacement 
Χ 

NA 

Heritage protection True if the whole building is protected Boolean 

   

Number of complete storeys  Positive integer 

   

Windows positions For each window, the position of the 
center in the associated wallΩǎ 
coordinate system 
For each façade 

NA 

Windows sizes For each window, a couple of values 
For each façade 

UOM [m.m] 

Windows percentage /ŀƴ ōŜ ŘŜŘǳŎŜŘ ŦǊƻƳ ōǳƛƭŘƛƴƎǎΩ ǿŀƭƭǎ 
geometries and windows sizes 
For each façade 

Rate (per wall/roof) 

Table 2 - Data related to buildings' semantic 



 

 
  

Integrated decision support tool for retrofit and renewal towards sustainable districts 
 

 
 

 

 
ECODISTR-ICT FP7 project 

D2.1 Exhaustive list of data required for accurate and reliable energy simulations at district scale, 
with an acquisition protocol, and identification of data providers 

Â 
Dissemination level PU 

Page 19 of 49 
Page 19 of 49 

 

Table 1 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 available (if required by 
simulation engines)5. They are presented in Table 3. 
 

Data Derived from Unit 

Building volume ¶ Building 2D geometry + height 

¶ Building 3D geometry 

UOM [m3] 

Building total floor area ¶ Building 2D geometry + Number 
of storeys 

¶ Number of storeys + Building 
gross floor area 

UOM [m²] 

   

Orientation ¶ Building 2D geometry 

¶ Building 3D geometry 

UOM [angle] 

Window orientation ¶ Building 2D geometry + windows 
positions 

¶ Building 3D geometry + windows 
positions 

 

Table 3 ς Some of the buildings's geometry data which can be computed or derived from the main data (see Table 1) 

2.3 ACQUISITION PROTOCOL AND DATA PROVIDERS 
Nowadays, the basic level of detail for building modelling is widely available in GIS formats6. 
Usually, the buildings footprints are associated with only little semantical information. However, 
the main height of the buildings is a usual attribute; thus, it is always possible to generate a LoD1 
geometric model. Although such low level data are available at country scale, some municipalities, 
local authorities and private companies have invested in the creation of richer (LoD2) ς in terms of 
both geometry and semantic ς city models (see Figure 4). 
 
These more detailed models are not widely available, or can suffer from errors, since they were 
originally modelled for visualisation purposes. Even if available, as for the Rotterdam case study 
(see Figure 3 and Figure 4), e.g. modelling errors have to be checked before they can be used in 
real simulations. Moreover, most of the time, they are only given at LoD2. If LoD3 models are 
required, their creation can be done with mixing information from recent advances from 
computer vision and geometry processing researches. These new techniques start with acquiring 

                                                      
5
 This is a remark that can be generalized to any kind of data. We only present in this document some of the derived 

data that can be computed for buildings for illustrative purposes. 
6
 Thanks to the European INSPIRE directive, GIS data related to buildings will be made consistent across European data 

providers in 2015 (European Commission Joint Research Centre, 2013). 
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ground based images of the buildings of interest, and mix them with a LoD1 model to create 
enriched models. For instance, with such techniques, we can extract several levels of semantic7: 
 

¶ Windows on facades (and thus their positions and sizes): Figure 5 (left) 

¶ Fully interpret the façade with extracting their main architectural components (storeys, 
walls, windows, balconies, roofs): Figure 5 (right) 

 

    

Figure 5- Windows extraction and semantic interpretation of buildings' facades (2D) images 

 
This kind of process can also be conducted directly with 3D geometry. It however requires that the 
geometry is accurate enough to fulfil the semantic rules defintions (Alexandre Boulch, Simon 
Houiller, Renaud Marlet, & Olivier Tournaire, 2013). Some results of the outdoor semantic 
interpretation of 3D purely geometric models are presented on Figure 6 and on Figure 7 (resp. for 
outdoor and indoor semantic interpretation). 
 

                                                      
7
 Floor 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, in a semi automatic way. 
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Figure 6 ς Outdoor semantic interpretation of 3D CAD models. Color interpretation: gray for walls, green for ground and slabs, 

orange for roofs, light blue for windows and doors, dark blue for windows and door frames 

 

 

Figure 7 - Indoor semantic interpretation of 3D CAD models (example on stairs). Color interpretation: dark orange for slabs, middle 

orange for tread and orange for riser 

 
In the case where 3D geometric models are not available, or at a too 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 mastered process. Some reconstruction 
examples on Aix-en-Provence and Paris (France) are provided on Figure 8. 
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Figure 8 - Automatic 3D geometric reconstruction from aerial images. From left to right: Aix-en-Provence, Paris, Ile Saint-Denis 

(France) 

 
IƻǿŜǾŜǊΣ ǘƘŜ ƻǳǘǇǳǘ ƻŦ ǎǳŎƘ ŀ ǇǊƻŎŜǎǎ ƛǎ ŀ άǎƻǳǇέ ƻŦ ǘǊƛŀƴƎƭŜǎΣ ǘƘŀǘ ƛǎ ǘƻ ǎŀȅ ǘƘŀǘ ƛǘ Ŏƻƴǘŀƛƴǎ ƻƴƭȅ 
geometric information and no semantic. Moreover, the number of triangles is untractable for 
simulation engines. We thus need to process this first output to extract the polyhedral shapes of 
buildings and basically semantize them (Tournaire, 2013). An overview of the process is presented 
on Figure 9. 
 

 

Figure 9 - From 3D automatic geometric reconstruction to semantic modelling. (left to right and top to bottom) Automatic 3D 

reconstruction from aerial images; Extraction of buildings; Zoomed view on a single building (approx. 5000 triangles); Construction 

of a polyhedral complex with extracted planar primitives; Buliding shape extraction from the complex; Semantic 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 available. If more complete data are available (LoD2 model), as for Rotterdam, we 




























