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Concept Energy Atlas

» Design of a integrative, common Ontology
e For the spatio-semantic representation of the city structure
¢ Including energy relevant information of different disciplines
e Based on the semantic information model of CityGML

» As data basis, virtual 3D city models, e.g. of Berlin and
London
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Energy Atlas as integration platform

~# 7 Geothermiepotential-

... Einsparpotential-
analyse

Pt e+ L Cu ciet OG SONMLGINS

Infrastruktur-
analyse

.....

.....

Energieatlas

CityGML

edarfs- -
analyse

~ y

s = [ 30297,654000 - 73140,737000

L o ' S .?3140_?3?001 -116734,232000
S I I_ : |:| 116734,232001 - 158321,905000
O ar pote ntl a - - . 158921 905001 - 246791,354000
., . T b
i = g . 245791,354001 - 468899,048000
analyse '

30.05.2014 Robert Kaden und Thomas H. Kolbe - Entwurf der EnergyADE der TUM 3



% v Lehrstuhl fir Geoinformatik Technische UniversitétMUnchenm

Estimation of Heating Demand

» Building simulation method DIN V 18599

e Estimation of the monthly net, end and primary energy demand for
heating, cooling, airing, water and lighting

Building Information Er(l;/lro(;l_mental |
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Estimation of Electricity Demand

» The estimation of electricity demand of buildings is based
on mean electricity consumptions

sizes, published by Vattenfall

Building Information

e Building Geometry

» Usage

» Building Construction
e Renovation State

e Residents

e Apartments

Environmental
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of different household

Energy Demand
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e Heating
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Estimation of Warm Water Demand

» The estimation of the energy demand for providing warm
water is based on statistics presented by ,Energiepass
Heizung/ Warmwasser “ of the Institut Wohnen und
Umwelt (IWU)

Building Information

e Building Geometry

» Usage

» Building Construction
e Renovation State

e Residents

e Apartments

Environmental "‘
Conditions
Energy Demand

Korrelation

A
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e Heating
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Why this Methods?
» Building simulation method DIN V 18599 (Heating

demand)
e Monthly balancing of energy demand and production
e Important for the concerning renewable

energy supply, e.g. geothermal, PV und solar thermal

e Estimations based on building components allows building specific
Estimation of energy savings and renovation potenti als

e Permitted estimation method of the current EnEV in Germany for
the evaluation of the energy efficiency of buildings
» Statistical methods (Electricity and Warm water)

e Electricity and warm water consumption depends more on the
building usage than on the building geometry, e.g. residential area

e Energy demands can be simulated w.r.t. the demographic changes
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Categorisation of the Input Values

Input values are diferentiated between ,, “, Jindirect “
und ,, “Input values

» Direct input values are object properties, which directly
flows into the energy estimation functions, e.g. outer wall
surface, U-value, etc.

» Indirect input values are object properties, which are often
available as base data and are used for the
(pre)estimation of the direct input values, e.qg. the
geometry of the outer wall, building age, etc.

» Statistical Direct input values are non building specific
values, which e.g. are presented by the DIN V 18599 and
are used for estimating the direct input values and the final
energy values
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Which input values are needed?

Eigenschaften des Gebaudes
Geometrie der Gebaudehdille gml:_Solid

gml:MultiSurface

Geometrie der thematischen Hullflachen gml:MultiSurface gml:MultiSurface

Nutzungsart bldg:function
bldg:usage
Fensterflachenanteil ?

Baujahr bldg:yearOfConstruction
AuBBenwandflache ?
AuBenwandflache Sid
AuBenwandflache Siid-Ost
AuBenwandflache Sid-West
AuBenwandflache Ost
AuBenwandflache West
AuBenwandflache Nord-West
AuBenwandflache Nord-Ost
AuBenwandflache Nord
Fensterflache

Fensterflache Sid

Fensterflache Siid-Ost
Fensterflache Siid-West
Fensterflache Ost

Fensterflache West

Fensterflache Nord-West
Fensterflache Nord-Ost
Fensterflache Nord

Dachflache

Kellerwandflache

Flache der Kellerdecke

Flache der obersten Geschossdecke
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Which input values are needed?

Eigenschaften des Gebaudes
U-Wert des Daches ? ?

U-Wert der AuRenwand ?

U-Wert der Fenster ?
U-Wert der Kellerwand ?

U-Wert der Kellerdecke ?

U-Wert der obersten Geschossdecke ?

g-Wert der Fenster ?
Nettovolumen

Bezugsflache

Strahlungsabsorptionsgrad der Wandflachen ?

Strahlungsabsorptionsgrad der Dachflachen ?

Hullflachenbezogene Luftdurchlassigkeit
Wirksame Warmespeicherfahigkeit
Bilanzinnentemperatur

Mittl. monatl. Temperatur im Dach

Mittl. monatl. Temperatur im Keller
Interne Warmequellen
Liuftungsbedingter Mindestluftwechsel
Anzahl der Bewohner

Anzahl der Haushalte

Anzahl der Einpersonenhaushalte
Anzahl der Zweipersonenhaushalte
Anzahl der Dreipersonenhaushalte
Anzahl der Vier- und Mehrpersonenhaushalte
Monatliche Heizwarmebedarfe
Jahrlicher Heizwarmebedarf
Spezifischer Heizwarmebedarf

Jahrlicher Strombedarf

Jahrlicher Warmwasserbedarf

| U-Wert der obersten Geschossdecke |
| g-WertderFenster |
| Nettovolumen |
| Bezugsflache 000000 |
| Strahlungsabsorptionsgrad der Wandflachen |
| Strahlungsabsorptionsgrad der Dachflachen |
| Hullflachenbezogene Luftdurchlassigkeit |
| Wirksame Warmespeicherfahigkeit |
| Bilanzinnentemperatur |
| Mittl. monatl. TemperaturimDach |
| Mittl. monatl. TemperaturimKeller |
| Interne Warmequellen |
| Luftungsbedingter Mindestluftwechsel |
| Anzahl der Bewohner @ |
| Anzahl derHaushalte |
| Anzahl der Einpersonenhaushalte |
| Anzahl der Zweipersonenhaushalte |
| Anzahl der Dreipersonenhaushalte |
| Anzahl der Vier- und Mehrpersonenhaushalte |
| Monatliche Heizwarmebedarfe |
| Jahrlicher Heizwarmebedarf |
h
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Draft of the
EnergyADE
of the TUM

class EnergyADE

AbstractOpening

«FeatureTy...
Building:Window

«FeatureType»
Building:RoofSurface

AbstractBoundarySurface

«ADEElement»
CityObjectGroup «FeatureType» AbstractFeature
CityObjectGroup: > «FeatureType»
+ electricityDemandPerYear :Decimal [0..1] ADES CityObjectGroup Core::AbstractCityObject
+ heatDemandPerMonth :AbstractTimeSlice [0..1]
+ heatDemandPerYear :Decimal [0..1] + class :Code [0..1] +parent 4 creationDate :Date [0..1] <
+ households :Integer [0..1] + function :Code [0..4]~ + terminationDate :Date [0..1]
+ meanSpecificHeatDemandPerYear :Decimal [0..1] + usage :Code [0.] 010 relativaToTemsin| :RelativeToTemainTyps [0n]
+ referenceSpace :Area [0..1] + relativeTowater :RelativeToWaterType [0..1]
+ residents :Integer [0..1]
+ wamWaterDemandPerYear :Decimal [0..1]
«FeatureType»
Core::AbstractSite
«ADEElement»
AbstractBuilding
+ airPereability :Decimal [0..1]
+ electricityDemandPerYear :Decimal [0..1]
«FeatureType» + heatDemandPerMonth :TimeDiscreteValue [0..12]
Building::AbstractBuilding + heatDemandPerYear :Decimal [0..1]
T dlas Code 0.1] +  households :Integer [0..1]
+ function :Code [0.] +  householdsManyPerson :Integer [0..1]
+ usage :Code [0.4] +  householdsOnePerson :Integer [0..1]
+ yearOfConsiuction :Date [0..1] «ADE» |+ householdsThreePerson :Integer [0..1]
+ yearofpemolition :Date [0..1] +  householdsTwoPerson :Integer [0..1]
+ MofType :Code [0.1] + innerHeatSources :Decimal [0..1]
+ measiredrisight :Length [0,4] + minimalAirChange :Decimal [0..1]
+ storeysAboveGround :Integer [0..1] ¥ [EEUENI REE [@4)
+ storeysBelowGround :Integer [0..1] ¥ [CHEICHEEEED S5 RLA)
o EIa P B 5 [0.1] + residents :integer [0..1]
& cany —— i [0.1] + specificbemandHeatPerYear :Decimal [0..1]
+ storageCapacityHeat :Decimal [0..1]
. + erMonth :TimeDi Value [0..12]
+ ‘TimeDi [0..12)
+ erMonth :TimeDiscreteValue [0..12]
+consistsO + Year :Decimal [0..1]
. + windowWallRatio :Decimal [0..1]
«FeatureType» «FeatureTy...
Building: Building Building:
BuildingPart
«DataType»
GeographicDirection
+ east Area [0..1]
+ nomh :Area [0.1] +thermalBoundedBy| 0..*
P + northEast :Area [0..1] e —
dynamicFeature::AbstractTimeSlice «Type» N ::mwife;}';au[o 2! AbstractThermalHull
{00y || TmeDiscretevalue S A P———
+ validTime TM_Primitive + value :Decimal + southWest :Area [0..1] + uvalue :Decimal [0..1]
+ dataSource :CharacterString [0..1] + west ‘Area [0..1]
+ dataSourceReference :URI [0..1]
«FeatureType» «FeatureType» «FeatureTy...
RoofCladding Outerwall Cellarwall
+ radiationAbsorption :Decimal [0..1] + areaByDirection :GeographicDirection [0..1]
+ radiationAbsorption :Decimal [0..1]
«FeatureType» «FeatureTy... «FeatureTy...
Windows TopCeiling ©representedsy\|/ 0. cellarCeiling
+ areaByDirection :GeographicDirection [0..1] P
+ gvalue :Decimal [0..1]
«FeatureType»
Building::WallSurface
+representedBy 0.* +representedByy | /0. * +representedByd/0--' +representedBy 0.+

0.x «FeatureType»
Building::Ci

«FeatureType»

+representedBy
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Draft of the EnergyADE of the TUM

«ADEElement»
AbstractBuilding
+ airPermeability :Decimal [0..1]
+ electricityDemandPerYear :Decimal [0..1]
 «FeatureType» + heatDemandPerMonth :TimeDiscreteValue [0..12]
e + heatDemandPerYear :Decimal [0..1]
+ class :Code [0..1] + households :Integer [0..1]
+ function :Code [0..%] + householdsManyPerson :Integer [0..1]
+ usage :Code [0..%] + householdsOnePerson :Integer [0..1]
+ yearOfConstruction :Date [0..1] «ADE» |+ householdsThreePerson :Integer [0..1]
+ yearOfDemolition :Date [0..1] + householdsTwoPerson :Integer [0..1]
+ roofType :Code [0..1] + innerHeatSources :Decimal [0..1]
+ measuredHeight :Length [0..1] + minimalAirChange :Decimal [0..1]
+ storeysAboveGround :Integer [0..1] + nettovolume :Volume [0..1]
+ storeysBelowGround :Integer [0..1] + referenceSpace :Area [0..1]
+ storeyHeightsAboveGround :MeasureOrNilReasonList [0..1] + residents :Integer [0..1] _
+ storeyHeightsBelowGround :MeasureOrNilReasonList [0..1] + specificDemandHeatPerYear :Decimal [0..1]
+ storageCapacityHeat :Decimal [0..1]
A * + temperatureCellerPerMonth :TimeDiscreteValue [0..12]
+ temperatureHeatedSpacePerMonth :TimeDiscreteValue [0..12]
+ temperatureRoofPerMonth :TimeDiscreteValue [0..12]
+consistsOfBuildingPart + warmWaterDemandPerYear :Decimal [0..1]
| * + windowWallRatio :Decimal [0..1]
«FeatureType» «FeatureTy...
Building::Building Building::
BuildingPart
«DataType»
GeographicDirection
+ east :Area [0..1]
+ north :Area [0..1] +thermalBoundedBy | 0..*
+ northEast :Area [0..1]
. «type» ) . + northWest :Area [0..1] SEEAIETY e
dynamicFeature::AbstractTimeSlice <.<Type» + south :Area [0..1] AbstractThermalHull
froot} (e} TimeDiscreteValue + southEast :Area [0..1] P————
+ validTime :TM_Primitive + value :Decimal B + uValue :Decimal [0..1]
+ dataSource :CharacterString [0..1] + west :Area [0..1]
+ dataSourceReference :URI [0..1]
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Why modelling the thermal hull separately?

» Thermal hull in the
most of the cases not _ (4) | '
coherent to the
boundary surfaces

» TO become =
independent of the =
used LOD

» Why not having a
parallel concept to the
boundary surfaces

representing the | [—
thermal hull? ® ©

)

—
G
—

<
|
<

=1
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Draft

of t

«FeatureType»
Building::Building

BuildingPart

«type»
dynamicFeature::AbstractTimeSlice
{root}

<] TimeDiscreteValue

+ validTime :TM_Primitive
+ dataSource :CharacterString [0..1]
+ dataSourceReference :URI [0..1]

«Type»

+ value :Decimal

ne EnerayADE of the TUM

«FeatureTy...
Building::

«DataType»
GeographicDirection

east :Area [0..1]
north :Area [0..1]
northEast :Area [0..1]
northWest :Area [0..1]
south :Area [0..1]
southEast :Area [0..1]
southWest :Area [0..1]
west :Area [0..1]

+ o+ o+ o+ o+ o+ o+

+thermalBoundedBy | 0..*

«FeatureType»
AbstractThermalHull

+ area :Area[0..1]
+ uValue :Decimal [0..1]

«FeatureType»
RoofCladding

+ radiationAbsorption :Decimal [0..1]

«FeatureType»
Window s

+ areaByDirection :GeographicDirection [0..1]

+ gValue :Decimal [0..1]

+representedBy 0.*

AbstractOpening

«FeatureTy...
Building::Window

+representedBy\ [, *

AbstractBoundarySurface

«FeatureType»
Building::RoofSurface

«FeatureType» «FeatureTy...
OuterWall Cellarwall
+ areaByDirection :GeographicDirection [0..1]
+ radiationAbsorption :Decimal [0..1]
«FeatureTy... «FeatureTy...
TopCeilin S CellarCeilin
P 9 — +representedBy \|/ 0..** By
AbstractBoundarySurface
«FeatureType»
Building::WallSurface
+representedBy \[/0..* +representedBy 0..*
AbstractBoundarySurface AbstractBoundarySurface
0..* «FeatureType» «FeatureType»
Building::CeilingSurface Building::GroundSurface
+representedBy
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Draft of the EnergyADE of the TUM

«ADEElement»
CltyObj eCtGrOUp «Fea[ure'rype» AbstractFeature
— . CityObjectGroup:: D «FeatureType»
+ electricityDemandPerYear :DeC|m.aI [O...l] «ADE» CityObjectGroup Core::AbstractCityObject
+ heatDemandPerMonth :AbstractTimeSlice [0..1]
+ heatDemandPerYear :Decimal [0..1] + class :Code [0..1] +parent + creationDate :Date [0..1] <
+ households :Integer [0..1] + function :Code [0..4]— + terminationDate :Date [0..1]
+ meanSpecificHeatDemandPerYear :Decimal [0..1] + usage :Code [0..%] - o ‘RelativeToTerrainType [0..1]
+ referenceSpace :Area [0..1] + relativeToWater :RelativeToWaterType [0..1]
+ residents :Integer [0..1]
+ warmWaterDemandPerYear :Decimal [0..1]
«FeatureType»
Core::AbstractSite
«ADEElement»
AbstractBuilding
+ airPermeability :Decimal [0..1]
+ electricityDemandPerYear :Decimal [0..1]
 «FeatureType» + heatDemandPerMonth :TimeDiscreteValue [0..12]
Building::AbstractBuilding + heatDemandPerYear :Decimal [0..1]
+ class :Code [0..1] + households :Integer [0..1]
+ function :Code [0..%] + householdsManyPerson :Integer [0..1]
+ usage :Code [0..4] + householdsOnePerson :Integer [0..1]
+ yearOfConstruction :Date [0..1] «ADE» |+ householdsThreePerson :Integer[0..1]
+ yearOfDemolition :Date [0..1] + householdsTwoPerson :Integer [0..1]
+ roofType :Code [0..1] + innerHeatSources :Decimal [0..1]
+ measuredHeight :Length [0..1] + minimalAirChange :Decimal [0..1]
+ storeysAboveGround :Integer [0..1] + nettoVolume :Volume [0..1]
+ storeysBelowGround :Integer [0..1] + referenceSpace :Area [0..1]
+ storeyHeightsAboveGround :MeasureOrNilReasonList [0..1] + resdents :Integer[0..1] .
+ storeyHeightsBelowGround :MeasureOrNilReasonList [0..1] + specificDemandHeatPeryear :Decimal [0..1]
+ storageCapacityHeat :Decimal [0..1]
A * + temperatureCellerPerMonth :TimeDiscreteValue [0..12]
+ temperatureHeatedSpacePerMonth :TimeDiscreteValue [0..12]
+ temperatureRoofPerMonth :TimeDiscreteValue [0..12]
+consistsOfBuildingPart + warmWaterDemandPerYear :Decimal [0..1]
| * + windowWallRatio :Decimal [0..1]
«FeatureType» «FeatureTy...
Building::Building Building::
BuildingPart I . |
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