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1 ABSTRACT

In this paper we describe the process of enrichivegHamburg 3D City model (3D-Stadtmodell) with
energy relevant attributes for the simulation ofthdemand. The 3D data of the city provided by the
Landesbetrieb Geoinformation und Vermessung (L&GV) combination of Cadastre footprints and LiDAR
data. This combination of data allows the LGV toduce CityGML data with a level of detail 1 (LOD1).
We use this data as basis for the computationtzEruheat demand.

This paper presents the enrichment process of ly&KIL data. We make use of the energy application
domain extension (ADE) to store the energy relewdatt in a standardized format. For the enrichment
process we classify the residential building stimt& building types. And classify the non residahtector

by use. From the building types we extract heatstrassion coefficients of building components. Wiib
enriched 3D city model we perform a monthly heamded estimation of a selected neighbourhood in
Hamburg.

The aim of this enrichment process is to createbust but flexible method for the estimation of thea
demand at a neighbourhood level with little ene®gvant information. This paper presents a metboa
quick estimation of the monthly heat demand of ightgourhood without the need of any extra datatinpu
This approach can be used by the energy and udbanipg community for a first estimation of the hea
demand used on a given neighbourhood or the agityjre

The results from this approach present an urbahdeaand model for the city of Hamburg based on the
freely available 3D city model data. Possible usfethis approach are: (1) identification of hot tpm the
city, (2) creation of base data sets for the sitiutaof retrofit scenarios, and (3) creation of paral heat
density maps.

2 INTRODUCTION

On this paper we present a small program for thiel@ng of the 3D city model of the city of Hambuiye
develop a python command line interpreter thabie #o:

(1) download CityGML data from different locations;

(2) process the data and retrieve relevant infdonat

(3) save the data as different data formats, inctu@ityGML with Energy ADE relevant attributes;dn
(4) compute heat demand for the residential andresidential sector

The main idea of the command line interpreter i€rmate a simple set of python scripts to process g
spatial data for the computation of heat demandis Tgrocess is scripted on small text files for
documentation purpose and for the processing géldata-sets.

The enrichment of process is a simple read anapribcedure. In between the data input and dafubut
we define a set of templates for the constructibrCityGML files. The definition of templates for ¢h
storage of data is exclusive for the CityGML dalest Other common data formats do not need a predke
template to be used. The developed tool makes fute dionad python library for the read-write of spatial
data. This library can read and write all OGR Veé&tormat$,

3 METHOD

In this section of the paper we briefly describe timderlying method of the presented tool. Ondefrhost
important methods used in the tool is the use moptates for the creation of CityGML files. This apach

! https://pypi.python.org/pypi/Fiona/0.8
2 http://www.gdal.org/ogr_formats.html
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has the advantage of been very flexible becauséléiseare created only based on the predefine lats®m
The disadvantage of this method is that the tonbisaware of errors implemented in the template ol
provides a link to the xmllidtXML files validator.

Internally the tool will populate a template withedefine variables retrieved from either the dowadied
data of from other sources joint to the data. Rereéxample presented on this paper we define Jatesp

(1) A header template, containing the header inébion of the xml file including all the namespace
definitions;

(2) Some lines describing the generated file, iticig the bounding box of the geometry features; and
(3) A template describing a building element;

Both the header and the file definition templat ased a single time. The building template is dsedach
processed building on the data-set. In order ta ptapulating the xml file with the processes teags the
tool needs to process the entire data set. Thisgigired in order to compute the bounding box ef fike.
Within the developed tool all the information remuai to populate the xml file is stored on a GeoRdnd
DataFrame.

One of the motivations to use a template systdta ability to adapt to new schemas without mudbrgfin
this case we construct the templates based onrtegFADE schema (Nouvel, Bahu, et al., 2015, Nauvel
Kaden, et al., 2015).

3.1 Defining CityGML Data Structures Through Templates

The use of templates for the construction of xmeisfis extremely straightforward. The first stepasreate
some pieces of xml code with pre define variableshem. These pieces of code can be arbitrarilineef
decoupling so the development of the tool to anyetllgpment of CityGML schema of any other xml
schema.

Listing 1 shows an extract of the building templa® this template we define a singe variaBlGl$stine
value of this variable will be populated by the quted heated floor area by the tool. In this casdeave
the uom variable with our preset default m2. Ea&chplate can have as many variables defined as ahelede
the case of Listing 2 we define five variablesthis case we populate this template with the coegphieat
demand of each building. Because the tool complbtds monthly and yearly heat demands the unit of
measure (uom) and the time interval unit have tddfmed as variables as well.

1 <!—— Energy heated areca —>

2 <energy:floorArea>

3 <energy : FloorArea>

4 <energy:type>EnergyReferenceArea</energy:type>
5 <energy:value uom="m2" >-</01101‘gy cvalue>

6 </energy: FloorArea>

7 </energy:floorArea>
Listing 1: Template for energy heated area.

3.2 Scripting the Enrichment Process

The tool is developed as a command line interprdteis means that the tool can be used on the cochma
line of we can run a script with it. We see a hadeantage of using a command line interpreterHisrtask
rather than a GUI interface. The most importantaatikge is, developing time, without a GUI the tizol
very light, easy to maintain and has a quick dgualent cycle. But probably the mos important advgetaf

a command line interpreter is the ability to stibre performed analysis on a script. Defining aryaigon a
scrip can also be useful for the processing oelalgia sets.

Listing 3 shows the script used to estimate the kheaand of the urban area presented on this paper.
Available commands for the command line interpreter still limited and many of the options arel stil
embedded on the code as default values. The exgmgdented on Listing 3 shows the simplest protess
compute heat demand for an urban area using taeltghlues of the tool.

% http://infohost.nmt.edu/tcc/help/xml/lint.html
* http://geopandas.org/
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Code line 2 defines the data set to use, if tha dat is not available on disk, the tool will atpeno
download it from a pre defined source. The infoioraheeded to perform this operation is store®a fie
containing relevant information on available datssFor now the tool has a limited understandimdgpow
to access external data. The basic definition td tzcations is for now just the download link amnést of
default attributes available on this data set. \Weta expand this by defining more complex conrewito
external data sets like databases.

1 <!—— Computed energy demand —>
2 <energy:energyDemands>

3 <energy : EnergvDemand>

4 <energy :endUse>SpaceHeating </energy :endUse>

5 <energy :energyAmount >

6 <energy: RegularTimeSeries >

7 <energy: id:-_<:/e11€rgy tid>

8 <energy:temporalExtent >IMY</energy : temporalExtent >
9 <energy:timelnterval unit:’"’_’_>
10
11 </energy:timelnterval >
12 <energy:values uom:”-’>
13 ‘Sheatdemand |
14 </energy:values>
15 </energy: RegularTimeSeries>
16 </energy :energyAmount>
17 </energy : EnergyDemand>

18 </energy:energyDemands>

Listing 2: Template for computed heat demand

Code line 4 deletes the attribute list retrievamirfrthe configuration file. We delete this list besa we do
not want to keep all the attributes. On the nex live add three attributes to be used for the ctatipo of
heat demand. The data set define on code linetaiograll the buildings for the city of Hamburg. \We not
want to compute the heat demand for the entireimglistock but just for a small urban area. Werdgethis
urban area as a bbox_clip. This bounding box caabeffiee with an upper left and a lower right coaedes
or with a spatial file. In this case we use a prgigoted GeoJSON file to define the simulation area.

The tool has a small option to enrich the inpuadhtough the use of data store on csv files. ildase we
input a csv file called bja.csv located on the pidta relative to where the command line interpréterun.

The default options assumes that the file contagelers and use them to identify the variable sinrthe
file. We make use of the headers name to filtemtHe this case we join three attributes to thaitrgata set.
On code line 13 we can see that we enrich the elatath construction years bja and building typevb&he

join of both datasets is performed on the indexe ifldex of the city 3D data is taken from the xilds and

the index for the csv file is define on the firetumn. It is important to have the same index oth latasets,
otherwise a join will fail.

1 #download input data by name

2 download hamburg

3 #prepare the attributes to use

4 delete_attribute all

5 add_attribute function measuredHeight storeysAboveGround

6 #clip the geometry with a geo—json file

7 add_bbox_clip data/output/2016—-02—-16T04:26:22.145116 —clip . json
8 #get the geometry of the buildings within the specified area
9 get_geometry all

10 #keep only objects within the simulation area

11 elip all

12 #join some data stored on a csv file by index

13 join data/bja.csv bja baw

14 #simplify the building geometry

15 simplify all

16 #compute yearly heat demand with a static method

17 #using climate from Hamburg

18 compute_heat Year static Hamburg

19 #save the result as different formats

20 save_geometry GeoJSON csv CityGML shp

21 #validate the generated CityGML file against a defined xsd schema
22 validate xsd/energy.xsd

Listing 3: Template for computed heat demand
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The next command on the script: simplify all, cdie 15, performs a geometrical simplification bt
buildings, see next section. The computation of demand occurs on code line 18. On this line efdtript

we define a couple of parameters for the computatib heat demand. The first parameter defines de
temporal aggregation of the simulation. The nexapeeter defines the type of simulation to perfoerther

a static steady state simulation using the heatfi(duH., 2015) library or a thermal simulation using
EnergyPlus. The last parameter defines the climata to use. This parameter can either be defimepash

to a climate file or if using a climate one define the heat library just as a string with the nash¢he
climate zone.

3.3 Buildings

On the developed tool we have a small module fapkfying the geometry of buildings for the complita

of heat demand. A simplification of the buildingogeetry allows us to perform faster heat demand
computations of individuals buildings and maintairsimpler data structure. An advantage of having a
simple geometry definition for the individual buitds on our data set is the projection of the defin
building stock into the future.

Kim, Plessis, Hubert, and Roux (2014) show thaingpkfication of the building geometry decreases th
performance of the model by less than 1% of totmlual heat demand but are able to perform the same
simulation 700 times faster than taking a compleorgetry into account. The implemented geometry
simplification on the developed tool dos not tak&iaccount the neighbouring buildings. An alganth
considering the neighbouring buildings into accoiamta geometry simplification is described on (Maf
Hidalgo, 2016 —in Press-).

The simplification algorithm does not take into @act the overall orientation of the individual lalifig
components. In order to account for the buildingration of the individual building components need
to compute a weighted average of the orientatiows define a general orientation for each buildifilge
implemented algorithm defines a simple buildingrgetry as length a with of the building, but keepihg
building area to volume ratio.

3.4 Heat Transmission Coefficients

With the enriched data, through the csv file joir, classify the building stock into building typgles. The
default building typology define in the tool is ti&/U typology (Diefenbach, Cischinsky, Rodenfels, &
Clausnitzer, 2010, Loga, Diefenbach, & Born, 20I'gble 1 shows the IWU building typology matrix.elrh
classification of the building stock is performeskbd on the construction type baw and the congirugear
bja. These attributes are not part of the cityGMsfprovided by the city of Hamburg. This classifion of
the building stock does only work for the residahsiector. We use this classification of the buiddstock
into typologies in order to infer the value of theat transmission coefficients of the building comgnts
and to estimate the percentage of gazing surface.
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EFH® 183 180 164 181 146 155 118 132 110 88

RH 153 137 156 106 127 127 98 78 86

KMH 190 143 168 156 129 134 118 122 92 79
GMH 127 144 142 131 117
HH 114 113

Table 1: IWU-de building typology matrix for GermarSource: (Loga, Diefenbach, & Born, 2011) Spedifeat demand (spez.
Warmebedarfskennzahl) [kWh/m2a]. (EFH) Single fgrhibuse “Einfamilienhaus”; (RH) Terrace house “Reltaars”; (KMH)
Apartment house “Mehrfamilienhaus”; (GMH) Large gpgnt house “Grol3es Mehrfamilienhaus”; (HH) Higber‘Hochhaus”.

Currently the estimation of heat demand for the residential sector has been only implemented for a
yearly temporal resolution. The computation of lleat demand for the non residential sector isexmnith
help of the VDI-3807 (Verein Deutscher Ingenieut®94). In order to estimate specific heat demand
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coefficients for the non residential we aggregdte building functions listed on the input data ke t
functions describe on the VDI.

4 RESULTS

The computed results are depicted on Figure 1.Herfigure we can see the simplified geometry of the
individual buildings. The elements are colored tsyspecific heat demand. The pink line surroundirey
computed elements is the geometry used to climihg data set.

This particular part of the city contains many rresidential buildings with a lower specific heatrdmd.
On the figure we can identify some agglomeratidn@sidential buildings with higher specific heanatand.

The implemented tool performs a geometry simplif@athat allows us to develop a quick prototypetfe
estimation of heat demand. We still need to quathié loss in accuracy induced by the simplificatid the
building geometry. With these characteristics theutation performance of the tool is very good.

The use of an application domain extension sucthasEnergy-ADE allows us to develop a tool that is
potentially compatible with data generated by otkheweloped also implemented this ADE. The gig
advantage of using a template system as opposadhand coded data structure is its ability to cofib a
rapid changing system. Through the templating systeed in this tool we can populate a cityGML filih
any type of data structure, even non valid datacgires.
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Fig. 1: Specific heat demand for selected urbaa ar
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