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Goals for the ADE development A\‘(IT

Karlsruher Institut fiir Technologie

® Development of a data model supporting energy analysis
on building and urban level

® Neutral, standardized interface between modelling and
simulation systems

® Representation of all relevant input data and simulation
results

Simulationsergebnisse
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Development process A(IT
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® Project started in May 2014

® Project team: ~20 institutions in 7 European countries

® Up to now 8 workshops in different countries

® Organizational information, minutes: http://en.wiki.energy.sig3d.org/

® Technical development platform: hitps://github.com/cstb/citygmli-energy/
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http://en.wiki.energy.sig3d.org/
https://github.com/cstb/citygml-energy/
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Purposes of urban energy demand simulation A(IT

® Energetic assessment of existing building stock
® Evaluation of building performance
® Derivation of refurbishment priorities

® Urban planning
® Energy efficient planning of new buildings or quarters

Solar atlas, City Berlin

® Support of the energy transition process |
® Planning of low-carbon scenarios

Needs energy estimations on a yearly time scale
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Purposes of urban energy demand simulation Q(IT

Karlsruher Institut fur Technologie

® Detection of deficiencies in energy consumption or
wasting of energy

® Needs energy assessment on season or monthly time scale

® Planning of energetic infrastructure, e.g. district heating
® Needs energy simulation on dayly time scale ‘

® Technologies for active control of fluctuating energy demand and
energy supply (e.g. smart grids) ’
® Needs energy simulation on hourly time scale ﬁ?ﬁﬁ =

et Homes
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Building energy demand simulation - Methods A\‘(IT
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® Rough estimation based of selected parameters (e.qg.
volume, exterior shell area, height, year of construction,
function) and statistical data

® Nationally standardized assessment methods (e.g. DIN
4108) based on real (generalized) geometry and
constructions

® Numerical simulations of the thermodynamic equations,
taking into account spatial- and time-dependent occupant
behavior and dynamic whether / climate data (e.g. DIN
18599)

The data model needs to support all types of
estimations / simulations
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Energy simulation ﬂ(".
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Attributive information on buildings \‘(IT
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® Principally available in CityGML are

® Year of construction (frequently missing)

® Actual building function

® Building height

® Number of storeys above/below ground (sometimes missing)
® Not represented in CityGML are

® Concepts for physical building models (e.g. Thermal Zones, Thermal
Boundaries)

Materials, constructions

Energy systems (Generation, Conversion, Distribution, Storage)
Information on building occupants and their behavior

Time series of weather / climate data

Simulation results
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Energy ADE structure
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«applicationSchema»
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«applicationSchema»
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Energy-ADE Base model

Building physics
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Time series and schedules
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Energy ADE base model

_Site

«featureType»
Building::_AbstractBuilding

)

AT
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«ADE»
|
«ADEElement»
_AbstractBuilding
«codeListy + buildingType :_BuildingTypeV_aIue [Q..l]
BuildingTypeValue + constructionWeight :Cop;tru;tlonWelghtValue [0..1] - CityObject
+ energyPerformanceCertification :EnergyPerformanceCertification [0..*] +usageZone =
+ volume :VolumeType [0..%] «featureType»
+ isLandmarked :Boolean [0..1] 1 0.* UsageZone
+ referencePoint :GM_Point [0..1]
+ refurbishmentMeasure :RefurbishmentMeasure [0..*] ) 0..*
+ floorArea :FloorArea [0..*] +contains
+ heightAboveGround :HeightAboveGround [0..*]
1
01 +aggregatedBuildingConstruction 0.* +thermalZone
«featureType» _CityObject
AbstractConstruction «featureType»
ThermalZone 0.1
«enumeration»
«dataType» «dataType» «dataType» ConstructionWeightvalue
FloorArea VolumeType EnergyPerformanceCertification
veryLight
+ type :OfficialAreaReferenceValue + type :VolumeTypeValue + rating :CharacterString light
+ value :Area + value :Volume + name :CharacterString medium
+ certificationld :CharacterString [0..1] heavy
«codeList» «enumeration»
OfficialAreaReferenceValue VolumeTypeValue
+ netFloorArea netVolume
+ grossFloorArea grossVolume
+ energyReferenceArea energyReferenceVolume
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Building physics model

_CityObject _CityObject
«featureType» +boundedBy «featureType»
Building::Room < 0 s Building::_BoundarySurface

+interiorRoom 0..* +relatesTo 0..*

_CityObject
«featureType» _CityObject
ThermalZone

«featureType»

+ 4+ + + 4+ + + + o+

additionalThermalBridgeUValue :Measure [0..1]
effectiveThermalCapacity :Measure [0..1]
floorArea :FloorArea [0..*]

volume :VolumeType [0..*]
indirectlyHeatedAreaRatio :Scale [0..1]
infiltrationRate :Measure [0..1]

isCooled :Boolean = true

isHeated :Boolean = true

volumeGeometry :GM_Solid [0..1]

+delimits +boundedBy

ThermalBoundary

1..2 {ordered} 0..*
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+ o+ + o+ o+ o+

thermalBoundaryType :ThermalBoundaryTypeValue
azimuth :Angle [0..1]

inclination :Angle [0..1]

area :Area [0..1]

surfaceGeometry :GM_MultiSurface [0..1]

refurbishmentMeasure :RefurbishmentMeasure [0..*]

+construction

AT
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_CityObject
+opening «featureType»
0.2 0 Building::_Opening
+relatesTo 0..*
1
_CityObject
«featureType»
. ThermalOpening
+contains
~| + area :Area
1 0.4 4+ indoorShading :ShadingType [0..1]
+ outdoorShading :ShadingType [0..1]
+ openableRatio :Scale [0..1]
+ surfaceGeometry :GM_MultiSurface [0..1]
«featureType»
AbstractConstruction +construction

1

Institut fir Angewandte Informatik




Material and Construction =1 ﬂ(IT

Karlsruher Institut fur Technologie

Single Layer Construction

® Thermal transmittance (U-value)

W Optical properties (emissivity, reflectance
and transmittance for different wavelengths)

® Glazing ratio

Wall (Surface)
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Material and Construction — 2

Multi Layer Construction

Material

AT
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N | Layer
® Thickness
D ® One or more
s
5
<2
T Gas
; ® R-Value
N :
Layer 1
Layer 2
Layer 3
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SolidMaterial

Conductivity
Density
Permeance
Porosity

Specific Heat
Embodied Carbon
Embodied Energy
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Occupant behavior e e

_AbstractBuilding
@ «ADEElement»
1 _AbstractBuilding
¢:
+usageZone
0..*
_CityObject
_CityObject «featureType» +thermalZone 0.*
UsageZone
«featureType» - -
BuildingUnit ) + coolingSchedule :_Schedule [0..1] . CityObject
_ tcontains_ | 4 heatingSchedule :_Schedule [0..1] *eontains «featureType»
+ numberOfRooms .Integer.[O..l] 7|+ usageZoneType :UsageZoneTypeValues o o1 Termellems
1 ownerNgme :CharacterSt.nng [0..1] 0..* + usedFloors :integerList [0..1] - -
+ ownershipType :OwnershipType [0..1] + ventilationSchedule :_Schedule [0..1]
+ floorArea :FloorArea [0..*] + floorArea :FloorArea [0..X]
+ energyPerformanceCertification :EnergyPerformanceCertification [0..*] + volumeGeometry :GM_Solid [0..1]
0.1 0.1 + averagelnternalGains :HeatExchangeType [0..1]
0..1 0..1
. ' 0. . ) L
+occupiedBy 0..* +occupiedBy 0..* +equippedWith +equippedWith 0

«featureType» «featureType»

Occupants Facilities
+ heatDissipation :HeatExchangeType [0..1] + operationSchedule :_Schedule [0..1]
+ numberOfOccupants :Integer [0..1] + heatDissipation :HeatExchangeType [0..1]
+ occupancyRate :_Schedule [0..1]
+ occupantType :OccupantType [0..1]
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Energy systems

AT
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«featureType»
AbstractEnergyConversionSystem

+isProvidedBy 0..*

«featureType» «featureType»
AbstractEnergy System {> CityGML_Core::_CityObject
+installedIn
0..*
«featureType» «featureType» «fe?tureType»
AbstractEnergyDistributionSystem AbstractStorageSystem EmitterSystem
i * +isEmittedB 0..*
+isDistributedBy/|\ 0..* +isStoredBy/|A 0. y
+distributes|,0..* +stores|,0..*
«featureType» ]
+provides EnergyFlow +emitts
0.*| + energyAmount :AbstractTimeSeries 0.*
+ energyCarriertype :EnergyCarrierTypeValue [0..1]
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Supporting classes: Time series, schedules,
weather data \‘(IT
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® Time series — Ordered list of physical values corresponding to
Instances of time

® Regular and irregular time series
® Values stored inside or outside the XML document
® Schedules — Specification of time depending properties, e.g. set-point
temperature for heating and cooling
® One Constant value
® Two values for operation and idle times
® Daily schedules for specific days of the week
® Schedule defined by an arbitrary time series
® Weather data
® Time series for specific meteorological parameters
® Aggregation of parameters referring to a specific location
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