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1 ABSTRACT

Due to the transition from fossil energy carrieosntore renewable energy resources, the availalafity
energy in future will be fluctuating. Under thesenditions, an accurate energy demand simulation for
buildings is strongly needed as planning instruneendistrict or city level. This paper introducesew data
model for the energy relevant properties of buddinit extends the existing standard CityGML for GE
models by energy relevant properties like, e.gysjgal materials, thermal zones and thermal boueslar
and building occupant's behaviour. The energy eidanof CityGML is designed as system-independent
interface to energy simulation systems and shalpstt detailed simulation on the level of singleldings

as well as energy demand assessments on districitgrievel.

2 INTRODUCTION

Actually, one of the biggest challenges for citieghe implementation of the German energy tramsiti
process. In future, energy will more and more bmlpced by fluctuating, renewable sources like sotar
wind energy. Under these conditions, an accurageggrdemand simulation for buildings is stronglyded
as planning instrument on district or city levebtéhtial application areas for such simulations e
planning of energetic renovation measures or eastfuctures like district heating systems.

For simulating or estimating the energy demand istrict or city level, normally the same techniquesd
software tools are used as for single buildingsnuBtion systems like TRNSYS (TRNSYS 2016) or
EnergyPlus (ENERGY+ 2016) are based on a physicalemof a building, describing the heat or energy
exchange and conversion within the building anavben the building and its environment. In ordeapply
such a model on a concrete building, a number péitirdata must be available. They can roughly be
separated into four categories:

« Parameters describing the building geometry aniddgstion in the 3D world;

« Parameters describing the physical condition ofltbidding, especially heat capacity and thermal
transmittance of exterior and interior buildingrabnts (walls, slabs etc.) and optical properties of
windows;

« The weather conditions (e.g. temperature, solaatiad, wind speed) on the building's location;
« The behaviour of the buildings occupants.

An exact determination or prediction of all thesegmeters and influence factors is difficult anchetimes
(e.g. for future weather conditions and occupastsalsiour) only possible in a limited way. For thengrally
needed model simplifications, national regulatibkes the German norm DIN V 4108-6 (VDI 4108-6 2003)
exist. The usage of such norms shall ensure thiglity energy estimations performed by differentsoas,
eventually using different software systems, resuttomparable results. All national norms try tmimize
the needed effort to determine the input paramaitithe simulation. Thus, one must be aware that th
calculated energy amount may under- or over-esgiieg actual situation significantly.

In using such systems for simulating groups ofding, additional problems occur. On the one hamdhis
case also the mutual influence of neighbouringdingjs (e.g. shadowing, closed development) shoeld b
taken into account, which normally is not possibig¢h existing simulation tools. The most signifitan
problem normally is the availability of reliable put data. In the case of single buildings, missing
information in principle can be collected by measnents or by interviewing the building owners /
occupants. For simulations on district or city lewhis is normally impossible due to effort reasand
privacy protection restrictions.
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To enable software systems to perform energy stionlainder these conditions, a number of methogs ha
been developed (Carrion 2010) to estimate missargrpeters on base of a few existing data like, thg.
year of construction of a building, its functiomn, siatistical data from a census. For these estmaiand
derivations no standards exists, they normally mgdormed heuristically by the user of the simalati
system or even automatically by the software. Inseguence, the reproducibility of energy simulagitor
groups of buildings is poor, which strongly redutiesreliability of the results.

This paper describes a new approach for enhanaiafityj and reproducibility of energy simulations fo
single buildings, city quarters or whole cities.n@al approach is the specification of a systenepehdent
("neutral”) data model, being able to representirglut data for a simulation as well as the gemerat
simulation results. The possible usage of this daddel shall be independent from quality and amaiint
available input data and the used physical buildimgdel. By a standardized description of simulation
parameters, it becomes transparent which datectwelly used in a specific simulation, and theusfice of
model simplifications and estimations of unknownapaeters on the simulation results can be examined.

In chapter 3, the needed input data for a reliebkergy demand simulation are described, and tiievite
availability of these data is analysed. It turng that virtual 3D city models, frequently availabte the
internationally standardized data format CityGMLtyGML 2012), are the most important input sources.
Chapter 4 therefore gives a short overview on daita model and the availability of correspondintada
depicting that CityGML represents location and getsyn of the building and its components (e.g. walls
roof, and ground slab), but lacks the represemtatib most other energy relevant building parameters
CityGML inherently supports a mechanism for apglaa specific extensions (van den Brink et al. 204#4
the base standard called "Application Domain Extenis(ADE). This mechanism is actually used by an
international consortium to specify the "Energy AD&s standardized data model for energy relevant
building data. The actual version 0.6.0 of this sloNouvel et al. 2015 a, Nouvel et al. 2015 b) is
introduced and discussed in chapter 5. Chaptem@nsuizes the paper, and gives an outlook to thé nex
versions of the Energy ADE.

3 INPUT DATA FOR ENERGY SIMULATIONS ON BUILDING AND C ITY LEVEL

In the following, the different types of input paraters needed to simulate the energetic performahae
single building are described.

3.1 Building geometry, location and orientation

Geometry, location and orientation of a buildinge amportant parameters influencing its energetic
performance. The building's position determinesahgcipated weather or climate conditions (seetdra
3.5) as well as additional effects of the neighbood like, e.g., shadowing. For incorporating efeaf
solar radiation, the orientation of the outer stedpecially of windows is essential.

An additional set of parameters is determined gy libilding geometry. The overall heating and caplin
demand of a building is essentially determinedh®y dccupied building volume. In many cases, thelevho
building is assumed to be thermally homogeneousefznne model"). For more detailed simulationss it
necessary to regard multiple, (thermal) variablgdusegions ("thermal zones") within the buildingn(iti-
zone model"). It is assumed that a thermal zorsotherm, which means that heat exchange can aalyro
via its boundaries ("thermal boundaries"). Thesandaries can be internal (between two adjacentsjare
external (between a zone and the outside world)rder to simulate the energy exchange, the volointlee
zones as well as size, orientation and topologh®thermal boundaries must be known.

3.2 Building physics

The most important physical parameters determitiiregenergetic behaviour of a building are the diera
heat capacity of the building structure and thenia transmittance of the outer shell. For takintpi
account heat losses and gains due to radiation,ofitical parameters of the windows (reflectance,
transmittance and emittance for different speatgions) are needed as well. For multi-zone modkés,
same information is required for internal thermailibdaries.
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3.3 Building occupants behaviour

Though the behaviour of the building's occupangmiicantly influences the energy demand, it istgui
difficult to determine it in an objective way. Imipciple, at least the following effects must bexsidered:

« The temporally varying usage of the whole buildogthe different thermal zones. This can for
instance be expressed by time-dependent schedutee aominal temperature, ventilation rate, or
the shading of windows.

« Energy consumption due to building systems diffefeom heating and cooling, e.g. hot water
production, cooking, usage of electrical appliarmekghting.

« Occupant dependent energy gains (internal gains).

3.4 Energy relevant building systems

For very detailed simulations, also the differenergy conversion systems of a building need toaliert
into account. The following effects influence theemll energy balance:

« Many systems are simultaneously energy producedscamsumers. For example, a heat pump
consumes electricity to produce thermal energy.

« Every energy transmission system has always acieafiy factor of less than 100%.

3.5 Weather and climate data

The meteorological conditions at the building positstrongly influence the needed amount of heading)
cooling energy. Most simulation systems use théowoehg parameters: Air temperature, wind speed,
humidity, direct and indirect solar radiation (Hens Lamberts 2011).

Depending on the type of simulation (static or dyiwg, the meteorological parameters must be availab
long term averages (e.g. monthly or yearly valuess@s series of time-dependent values for one yedhe
latter case, the time resolution typically is oremuh It is possible to use either "real" valueseoasn
measurements in a certain year in the past, oicdil/pvalues, representing average climate conuftio
(Meteonorm 2016).

3.6 Data availability on city level

Table 1 shows in an overview the availability oé ttifferent input data categories and denotes thst m
important data sources for city-wide data. Bestlalke are weather and climate data. National aigsriike

the Climate Data Center (CDC) of the German "DédscWetterdienst” (DWD) provide several
metrological parameters with high temporal resolu(iCDC 2016). It is possible to get "real" meamgpts
related to concrete time periods, as well as detafer "Test Reference Years" (TRY) (BBR 2014)e3é
are specially compiled data sets containing varioateorological parameters for every hour of a y€hey
represent average, but for a year typical weatledidons. In addition, time series representing an
exceptionally cold winter half-year and an excepdity warm summer half-year are available. Measeargm
and TRY data sets are available for a number e$ sépresenting different German climate regions.

Aspect Availability |Data source

Building geometry, location and orientation + 3iyanodels

Year of construction

Building physics - Building typology

Building function

Buildi ts behavi - L .
uriding occlipants behaviour Statistical demographic data

Energy relevant building systems -- Not available

Weather and climate data ++ Weather agencies Dieutscher Wetterdienst"

Table 1: Data sources and availability of enerdgvant building properties

The city-wide availability of geometry-related ling data is also quite good. Central data souree a
virtual 3D city models, which in many German mupdlities are area-wide available in the CityGML
format. However, as it is further discussed in ¢bag, the actually existing CityGML models do nge the
full functionality of the data model and do notffiluhll requirements of a detailed energy simulatio
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For all other relevant aspects of a building enesigyulation, the city-wide availability is poor.formation
concerning the physical characteristics of thedg, the equipment of a building with energy canig

or producing systems, the number of occupants lagid ¢énergy relevant behaviour is, if any, onlyikakde

in exceptional cases. In some cases, procedurdsnaven to estimate the needed information on bdse o
available data. In particular, the heat transmrssioefficients of the building facade and opticatgmeters

of windows are often derived from the building'ayef construction and its form typology. The ocanis
influence can (very roughly) be estimated from baéding function, normally documented in the cddas
and global demographic data taken from a censosaspcensus.

4 THE CITYGML STANDARD FOR VIRTUAL 3D CITY MODELS

As discussed in chapter 3.6, virtual 3D city modelghe CityGML format are an important source for
energy simulations on district or city level. Cityig is an international data exchange standard ®fQpen
Geospatial Consortium (OGC), based on Geographykiyalanguage version 3.1.1 (Cox 2004) for
exchanging spatially related data. CityGML clainsrepresent all aspects of a city geometrically and
semantically. Besides buildings, this also inclutthesterrain, traffic areas, infrastructure objditts bridges,
tunnels or city furniture, and natural city objetite vegetation or water bodies. Furthermore, GNL
implements a methodology for application specikteasions called Application Domain Extension (ADE)
An ADE, which is represented by one or more XMLestlata, not only allows to specify new classes in
extension of existing ones, it is also possibleextent the attributes and relations of existingyGNIL
classes.

4.1 The CityGML Building module

This paper concentrates on buildings, because gmamgsumption of the traffic sector is not regarded
other kinds of city objects only indirectly influem the city-wide energy balance, e.g. by shadowfferts

or influencing the micro climate. The CityGML moduiBuilding" allows to represent buildings in 5 leds

of Detail (LoD), differing in the geometrical restibn and the semantic modelling depth (see Figdrén

all LoD, a complex building may be separated irfedént building parts. Because the data models for
buildings and building parts are identical, in fblbowing the term "building" is used for both.

CityGML LoD 0 CityGML LoD 1 CityGML LoD 2 CityGML LoD 3 CityGML LoD 4

Figure 1: Representation of a building in 5 différeavels of Detail

Each building optionally has a number of attributtowing to specify its function, actual usageay of
construction, roof type, overall height, number &eight of storeys. The five supported LoD of aldiog
differ in quality and resolution of the geometrapresentation and the sematic structuring of tloengéry.
In LoD 0, the footprint or roof edge of the buildiare geometrically represented as horizontal sesta_oD
1 supports a fully 3D representation of a buildasgblock model, where the building's footprint éstically
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extruded to, e.g., the eaves or ridge height. ID Roand higher LoD, the exterior shell of a builgliis not
only represented geometrically, but can also bepos@d of semantic objects like wall-, roof- or grdu
surfaces. These "boundary surfaces" are geomdyricgiresented as surfaces and carry no thickness o
material information. Smaller features of the bitd significantly affecting its characteristics cée
separately represented as "outer building instafat.

LoD 2 realizes a geometrically generalized reprieggimm of the exterior shell, while LoD 3 calls far
geometrically exact representation. Furthermore,eaplicit geometrical and semantical modelling of
openings in the outer building shell (doors or vawd) is possible from LoD3. As for the exterior hdary
surfaces, it is not possible to attach energy egieyproperties like a glazing ratio or optical paegers to
openings. In LoD4, also the representation of iatelooms is possible. The volumetric geometry obam
can be subdivided into boundary surfaces (floderiar wall and ceiling surfaces), and interior gquent
(installations, furniture) of a room can also bedeited.

4.2 Availability of CityGML building models

Though CityGML principally supports 5 different Lolxity-wide available data mostly fall into the
categories LoD1 and LoD2. The reason is that fesehmodels an automatic generation based on existin
cadastre data and (in the case of LoD2) airborser lacanning or photogrammetric measurements 6f roo
surfaces is possible. The generation of LoD3 and4 models needs much more effort, and corresponding
data are only available for some landmarks.

5 THE CITYGML ENERGY EXTENSION (CITYGML ENERGY ADE)

In this chapter, the CityGML extension supportingergy simulations is discussed in detail. Funcligna
the following components can be identified in tla¢admodel:

The extension of CityGML base classes by energyvealt properties and relations to new energy rlate
classes (see chapter 5.1).

« Classes to represent thermal zones and corresgptigirmal boundaries (see chapter 5.1).

« Classes to represent physical materials and layeatidconstructions (see chapter 5.2).

« Classes to represent the energy relevant behavidwrilding occupants (see chapter 5.3).

« Classes to represent the building's energy denamdignergy conversion systems (see chapter 5.4).

Furthermore, the Energy ADE implements some teethrdoncepts, e.g. to represent schedules and time
series, which are not discussed here.

5.1 General structure of the CityGML Energy ADE

Figure 2 depicts the general structure of the data model, especially documenting the relatiore/den

the central classes. For better readability, tiibates of these classes are not shown. The diffesolours

of the UML (Unified Modeling Language) elementgHigure 2 indicate the corresponding ADE module (see
Table 2).

Four different CityGML classes have been extenditd additional attributes:

« The extension of the CityGML base class (classy@ifect) enables that all derived classes can
refer to energy demand information (class Energy@ramsee chapter 5.4) and material information
(class Construction, see chapter 5.2).

» The CityGML base class for buildings (class _AbdBailding) is extended by a number of energy
related properties. Among others these include sspeeific building height values (ridge height,
eaves height, average ceiling height), informatonthe conditioning of attic and basement, the
building typology (e.g. single or multi family haels and information on refurbishment measures
performed. The extension also allows relating dading with the new classes for energy conversion
systems (class EnergyConversionSystem, see chdptyr and occupant behaviour (class
UsageZone, see chapter 5.3).
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- Refurbishment information is also added to the GML base class for boundary surfaces (class
_BoundarySurface). Furthermore, time series for ghabal solar irradiance and the daylight
illuminance can optionally be specifies for any hdary surface.

« The CityGML base class for doors and windows (cla®pening) is extended with refurbishment
information and shading parameters.

For the modelling of thermal zones, three new ela$mve been defined. A building can refer to aitrary
number of thermal zones (class ThermalZone). Haetnal zone is characterized by geometric parasieter
(gross volume, net volume, floor area), and phygieaameters specifying its thermal capacity, irdtion
rate and thermal bridges. The information whetherzone is heated and/or cooled is provided. Ogllipn
also the volumetric zone geometry and the lisbofms related with the zone can be represented.

+provides «featureType»
EnergyDemand
0..*
+energyDemands 0..*
«featureType» 1
«featureType» Gl e (s (ER/eleet :l «ADEElement» +construction «featureType»
Building::Room «ADE» —CityObject Cansuietion
—cf> o
0.*
+interiorRoom <
«featureType»
CityGML_Core::_Site
) V«featureType». , +boundedBy «featureType» +opening «featureType»
Building::_AbstractBuilding Building::_BoundarySurface Building::_Opening
L 0.* - 0.2 0.
A +installedIn 0..1 0.1 +relates/|\ 0..1
+correspondsTo
+isProvidedBy 0.*
«featureType» «ADE» «ADE»
«ADE» EnergyConv ersionSystem
+has 0.% GRS «ADEElement»
_BoundarySurface X
_Opening
«ADEElement»
_AbstractBuilding 1
1 1 0% +correspondsTo «feature Type»
+composedOf ThermalComponent
+thermalZones 0 «featureType» ‘—%
+partOf 1.% ThermalBoundary 1 1
«featureType» -
N ThermalZone oem =
7 1.2
+boundedBy
0..*
+usagezones 0.* +relates 0..*
«featureType»
UsageZone

Figure 2: Energy ADE core model

CityGML base classes
Extension of CityGML base classes

Thermal zoning

Material

Occupant behaviour

Energy conversion systems
Table 2: Colour codes used in Figure 2 - Figure 5
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It is mandatory to represent the boundaries ofthérzones by the class ThermalBoundary, which aptlg
can be related with a physical boundary surfactribtes of ThermalBoundary are its orientationirtazh
and inclination angles), and the thermal boundgpe t This type indicated whether the boundary regrts
an exterior wall, a roof, a shared wall betweereglt buildings, or some kind of interior thermaubdary.

If a thermal boundary is composed of different comgnts (e.g. solid wall parts and windows), these c
individually be represented by the class Thermalgament.

5.2 Materials

The new class Construction (see Figure 3) in thetrmgeneral case describes the different matesal$aof

a construction. If no layer information is avaikpbthe energetic performance of a building elencantalso

be specified by a global thermal transmission caiefit (U-value) and a number of optical parametEesh
material layer (class Layer) can consist eitheortd homogeneous material, or a mixture of materidie
corresponding class LayerComponent carries a thgkrnvalue and is related to exactly one material.
Actually, two different types of materials are ciolesed. Solid materials (class SolidMaterial) are
characterized by physical parameters like denditgrmal conductivity and specific heat. Materialghw
negligible density and heat capacity (class Gas)dascribed by their thermal resistance (R-value).

If the layer order shall be applied in the reveseger (e.g. in case of interior thermal boundarid®) class
ConstructionOrientation can be used.

_CityObject «dataType»
«ADEElement» OpticalProperties
_CityObject

emittance :Emissivity [0..%]
reflectance :Reflectance [0..]
transmittance :Transmittance [0..*]
glazingRatio :Scale [0..1]

+ o+ o+ o+

+constructionOrientation 0.*
+construction\|/0..*
_CityObject _CityObject
CityObject
«featureType» +baseConstruction «featureType» +layer o
ConstructionOrientation Construction . > «featureType»
1 0. Layer
+ orientation :Boolean + uValue :Measure [0..1] {ordered}
+ opticalProperties :OpticalProperties [0..1]
«featureType»
SolidMaterial
+ conductivity :Measure [0..1]
+ density :Measure [0..1] +layerComponent 1.
+ permeance :Measure [0..1] -
* porog}y :Sca!e [0-1] _CityObject «featureType»
+ speifichieat :Measure [0-1] +material LayerComponent
«featureType»
l: AbstractMaterial 1 + areaFraction :Scale [0..1] = 1.0
+ thickness :Length [0..1]
«featureType»
Gas
«dataType»
+ isVentilated :Boolean [0..1] = false Transmittance
+ rValue :Measure [0..1] o Coaihn
ion :
+ wavelengthRange :WavelengthRangeType
«Enumeration»
c 5 Wav elengthRangeType «dataType»
«Enumeration»
ST Solar Reflectance «Eda-taTyp-e»
lnff_afed + fraction :Scale IS
Indde Visible + surface :SurfaceSide + fraction :Scale
Outside Total + wavelengthRange :WavelengthRangeType + surface :SurfaceSide

Figure 3: Energy ADE Material module

5.3 Building occupant behaviour

Figure 4 shows the classes to represent the octsupba building and their behaviour, as far as relevant

for an energy simulation. Central concept is tordefegions of homogeneous usage (class UsageZone),
which are referenced by the class ThermalZone. damh usage zone, arbitrary schedules for heating,
cooling and ventilation may be prescribed, as aglthe total internal energy gains due to the catisp For
more detailed simulations, the individual occupanitthe usage zone and the corresponding housebaids

be represented. The class Facilities allows conaglehe heat dissipation caused by hot water prtci,
electrical appliances and lighting.
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_CityObject
_AbstractBuilding «featureType»
<ADEElements +thermalZones L ThermalZone
_AbstractBuilding —t + ‘additionalThermalBridgeUValue :Measure [0..1]
1 + effectiveThermalCapacity :Measure [0..1]
+ floorArea :FloorArea [0..%]
+ grossVolume :Volume [0..1]
1 + indirectlyHeatedAreaRatio :Scale [0..1]
+ infiltrationRate :Measure [0..1]
0.%]+ isCooled :Boolean = true
+ isHeated :Boolean = true
+ netVolume :Volume [0..1]
+ volumeGeometry :GM_Solid [0..1]
+usagezones 0.% +relates 0..*
_CityObiject
«featureType»
UsageZone
+ coolingSchedule :_Schedule [0..1] «featu!'e.'l_'ype»
+ heatingSchedule :_Schedule [0..1] +has Facilities
: ﬁ:gEﬁ;:‘?::gﬁﬁ:;“[gg%as 0.1 0.*] + operationSchedule :_Schedule [0..1]
+ ventilationSchedule :_Schedule [0..1] * heatDissipation’:HeatEXchANGEINEEIEIE)
+ floorArea :FloorArea [0..%] +has/[\0..*
+ volumeGeometry :GM_Solid [0..1]
+ internalGains :HeatExchangeType [0..1]
0.1 1
+contains 0.*
+occupiedBy 0..*
_CityObject
«featureType» «featureType»
Occupants - .
— +occupiedBy BuildingUnit
+ heatDissipation :HeatExchangeType [0..1] + numberOfRooms :Integer [0..1]
[ numberOfOccupants :integen[o o ] ownerName :Characterstring [0.1] |2 COEIENfre
: occupanlc_I)_IRate_c:)_Schedlil_:_e [0..;] | + ownershipType :OwnershipType [0..1] FloorArea
occupantType :OccupantType [0..1] + floorArea :FloorArea [0..*] + type :FloorAreaType
1 + value :Area
: «codeList»
+consistof | 0..* «dataType» OccupantType
«featureType» HeatExchangeType + OthersOrCombination «codeList»
Household + convectiveFraction :Scale [0..1] * Patizms (RCEIZACET R
qerm © + Residents
+ residenceType :ResidenceType [0..1] * IatgntFracnqn :Scale [0..1] Stud + NetFloorArea
. + radiantFraction :Scale [0..1] + Students
+ householdType :HouseholdType [0..1 X + Visitors + GrossFloorArea
+ totalValue :Measure o W + EnergyReferenceArea

Figure 4: Energy ADE module "Occupants”

«featureType» «ADEElement» " «featureType»
CityGML_Core::_CityObject ] _CityObject +energybemands EnergyDemand
«ADE» 1 o+ + endUse :EndUseTxpe _
- + energyAmount :_TimeSeries[0..1]
+ maximumLoad :Measure [0..1]
+provides/[\0..*
«enumeration»
EndUseType
. . Cooking
_Site +isProvidedBy \[/0..x DomesticHotWater
i Electrical Appliances
«feature Type» +installedin «featureType» Lighting S
Building::_AbstractBuilding 01 EnergyConv ersionSystem OtherOrCombination
+ efficiencylndicator :CharacterString [0..1] SpaceCooI!ng
+ installedNominalPower :Measure [0..1] SpagtleHgatlng
+ model :CharacterString [0..1] N eaten
«A?E» + nominalEfficiency :Measure [0..1] IPOEEES
+ number :Integer[0..1]
«ADEEIem_ent.» + productAndInstallationDocument :ExternalReference [0..1]
_AbstractBuilding +has| 4+  yearOfManufacture :Year [0..1] Ko>——
o~ + refurbishmentMeasureOnEnergySystem :RefurbishmentMeasure [0..*] 1
+isProducedBy /[\0-* +isConsumedBy 0.*
+has 0..*
«dataType» +produces\|/0..* +consumes 0..*
EnergyCarrier «featureType»
featureT' SystemOperation
+ co2EmissionFactor :Measure E::r Zo{l‘i: 4 i
+ energyDensity :Measure [0..1] i + endUse :EndUseType
+ primaryEnergyFactor :Measure + energyAmount :_TimeSeries[0..1] + operationTime :_Schedule [0..1]
+ type :EnergyCarrierTypeValueg + energyCarrier :EnergyCarrier + yearlyGlobalEfficiency :Measure [0..1]

Figure 5: Energy ADE module "Energy system"
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5.4 Energy conversion systems in buildings

In Figure 5 a very simplified UML model of the cé&s for the energy conversion systems of a building
depicted. The central class EnergyConversionSys$iasnproperties for efficiency measures, for agee ty
and manufacturer of the system, and for refurbigtinmeasures performed. Specific energy conversion
systems like, e.g. boilers, heat pumps or distréttvork substations are modelled by specific ckagaet
shown in Figure 5) derived from EnergyConversion&ys

By using different energy sources (class Energy&xuit is possible to represent that a conversimtem
simultaneously produces and consumes energy. [ebrseecific end use type (e.g. space heating, dames
hot water or cooking), it is possible to prescuiisage time schedules of the system. In combinatitinthe
properties of the energy carries (data type Eneagy€r) this enables to calculate the total amoaft
consumed or produced energy and the CO2 footprint.

The data model furthermore supports modelling thergy demand related with a specific end use (class
EnergyDemand). The corresponding time series matjagoeither measured energy amounts or simulation
results. The CityGML extension mechanism enableattich energy demands either to the whole building
or to a sub-structure like, e.g. a room, a therzoak or a usage zone.

6 SUMMARY AND CONCLUSION

For the holistic consideration of the energy parfance of buildings it is not enough to focus onhkihiégding
itself but, also to examine the neighbourhood atridt or even on city level. Neighbourhood builgincan
influence the energy consumption of a building, d@he given or planned infrastructure can affect the
selection of the building services and therefoeedhergy efficiency.

CityGML, as an established 3D city model, providagood basis for such comprehensive consideratiins.
least in Germany, CityGML models (LoD1 and LoD2¢ avidely available from official agencies. Another
big advantage of CityGML is the ADE mechanism, whallows the data model to be extended by own
properties and features.

This ADE mechanism was used to extend CityGML lypperties and features, which are relevant for gnerg
simulations and estimations. After identifying thaps of CityGML regarding energy simulation, a new
UML based data model was created. For clarity nemgbe model was structured into four parts: Core,
Materials, Occupant Behaviour and Energy Systemsoverview of these parts is given in this paper.

Finally, after discussions within the Energy ADEvelpment group, the version 0.6.0 of the extenkias
been released. For this version, the CityGML ADMesoa including an online feature catalogue was
automatically generated. Details of the CityGML Ejye ADE can be found in the Github of the
development group (https://github.com/cstb/citygmeérgy) and the CityGML Wiki
(http://lwww.citygmlwiki.org/index.php/CityGML_Eneyg ADE).
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