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Urban energy modelling concept

« Urban energy simulation consists in multi-dimensions

Multiple energy carriers and end-uses

Local and central energy transformation, storage and distribution
Multiple system dimensions: spatial and temporal

Multiple interactions (building, microclimate, etc.)

= Specific requirements  (building, infrastructure, etc.)

Grid Connection

Operating Control
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Starting point

No widely applicable open model standard exists until now
for Urban Energy Modelling (like IFC or gbXML for buildings)

CityGML, open standard for exchanging 3D urban data,

doesn’t contain any energy-related objects or attributes.

e CityGML is extensible through ADEs. sEmEEuE-
CityGML

Urban energy tool developers (CitySim, UMI) have

developed their own tailor-made urban information model



Our Objectives

o Store relevant energy-related data in a common open city

data model

» ...to offer data exchange and interoperability

possibilities between urban energy stakeholders and tools

« ...as well as with other expert fields (acoustics, statics).

Combine data collection effort!

» Energy ADE for CityGML



» Flexibility : Following the philosophy of CityGML and its

Levels of Detall (LoDs)

o Compatibility: Allowing to be used in different urban
energy platforms for different analysis methods, using

data from different data specification standards

* Modularity : connection with other CityGML ADES, use

and extension of ADE Energy in other fields



A participative development process

« Participative development in an international expert group

from 12 organisations
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A participative development process

* Representing the development of 6 urban energy modelling

and simulation tools
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CityGML ADE concept

« Whatis an ADE?
» Extension of the CityGML model for specific application domains
* Formal specification in separate XML schemas referencing the
CityGML schemas
o 2types of ADEs:
» Extension of existing CityGML feature types

» Definition of new feature types

Domain experts CityGML <

Rule-based &
L automated way

 Reference document: Modeling an application domain extension of CityGML in UML
- OGC Best Practice, 2014 9




Preliminary development phase

Study of existing data specification projects

concerning Building energy at urban scale

List of Use cases (simulation and modelling) from the

different partners

List of requirements enabling these Use cases

Development of class diagramms
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 Among the 34 spatial themes, INSPIRE

proposes data specifications for building.

* INSPIRE Building model
e 4 profiles (Core2D, Core3D, Extended2D, Extended3D )

* Energy related attributes

 Building/BuildingPart (e.g. connectionToElectricity,
heatingSource, heatingSystem, energyPerformance, materials, etc.)

e Wall-/Roof Surfaces (e.g. materialOfRoof/Facade)
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At the interface of Big Geo Data and urban analysis tools

Available on-site data

INSPIRE Data specifications BEDES

v

Urban analysis tools




Time table

Stuttgart (May 2014) — Kick-off
« Gathering partners
» QOrganisation of development in Working group

* Requirements collection, identification of other related initiatives

Karlsruhe (Oct 2014)
» Class diagramms of the different modules
« Unification in one XML scheme

« QOrganisation of revision process on GitHub repository

Nice (May 2015)
« Integration of Energy ADE Scheme in softwares
» Testing phase on concrete projects

» Preparation of a documentation, code list definition
13



Organisation of the revision process

A participative and iterative  process

Organized in Working Groups related to the module

structure

Issues signaled on GitHub, discussed and centralized by

the Working Group coordinators

An “XML team” in charge of updating the XML Schema.
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A modular structure

Structured around an Energy ADE core + 3 modules:
e Construction and Material
e Occupancy

 Energy and Systems

Modules can be potentially used and extended

In other fields and applications

15



ADE Energy core

class BuildingPhysics {simpli'ﬁed}/

Site . . .
o . = _Ci ject
reatueTypes — e == | « Contains thermal bU|Id|ng
Building::_AbstractBuilding e = ofestureTypes po TR i
= : Building::_BoundarySurface 0.2 0.+ Building::_Gpening
pondsTo/[\ 0.1 A /|\ . . . .
objects required for building
«=ADE»
«ADEx
. .
caoEElemari energy simulation
_AbstractBuilding «ADEx «ADEElements
_Opening
+ stticType: ConditioningType {D..1]
+ eversgeStoreyHeight: Length [0..1] + ‘indoorShading: ShadingType [0..1]
+ ilingHeightan e Length [0:1] + openableRatio: Scale [0..1]
+ hesementType: ConditioningType [0..1] + outdoorShading: ShadingType [0.:1]
+ buildingType: BuildingType [0..1]
+ & ctionStyle: Gt ing [0..1]

+ eavesHeight: Length [0..1]
+ energyPerformanceCertification: URI[0..1] «ADEElements

e ==  integrated to the CityGML

+ landmarked: Boolean |
+ referenceGecCoordinates: GM_Paint[0..1]
+ referenceHestedFloordres: Ares [0..1]

+ i 1Class C ing 10..1]
+ ridgeHeight: Length [0..1]

ecmn standard schema through its

1

AbstractBuilding

_CityObject

wfestureTypes
ThermalZone

+ additionalThermalBridgeUValue: Measure [0.1] B O u n d ar S u rface an d O e n I n

+ cooledFloorArea: Area [0..1] +adjacentTo

+ effectiveThermalCapacity: Measure [0..1]

+ hestedFloordrea: Area [0..1] 01

+ indirectiyHeatedAr=aRatio: Scale [0..1]
+ infilraticnRate: Measure [0..1]

o classes.

1 1
_CityObject

afestureTypes
SurfaceComponent

+boundedBy | g

_CityObject
wfeature Types
ThermalBoundary Surface

+ area: Area
+ isGroundCoupled: Boolean

T ] = . Compatible with the 4 LoDs

+ azimuth; Angle [0..1] To

16



Construction and Materials

« Contains physical characterization of

«««««

«ADEElements

g building construction elements

—- T « Compatible with static energy
e T ) balance (U-Values) AND complex

+ areaFraction ‘Seale (0. 1]=100.0 1.
+ fhicness Length [0..1] i

aaaaaaaa | | dynamic heat simulation (A, p, c,).

@L,,,.. =  May be used and further extended for

afestursTypea 4
- : Gas . I = iy s 1] : hamisphericalEmitiance .Eﬂih\_m[l!..‘!ﬁ!““
+ isVentilated :Boolean [0..1] = fals= | + density Measur= {09 Y P T : "“EI
= rvalue :Messure[0,,1] + pemeance :Measure [0.1] 3 TR - - - -
. Temeiil o multi-field analysis e.g. statics
+ specificHeat :Measure (0.1} o2 By . Tmsmitiacoe (0] . . y

+ numberCfPanes :integer{0.1]

acoustics).

2 i edstaTypen
Reflectance Absorptance Emittance
percentage Decimal jpercentage Decimal percentage -Decimal
surfsce  SurfsceSide sufsce SurfsceSide St
T
il
Tymen nisthy?ep.
T E\ﬁgm Liac2
i st Seal Soler
percentsge ‘Decimal :
T ame CharaclerSiring IR Inside
£ = Ti # Visible Outside 17
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class Ocoupancy (simplified) /J

«ADEElements
_AbstractBuilding
_Site atticType: ConditioningType [0..1]
wfesturaTypes avessgeStoreyHeight: Length [0..1]
Building::_AbstractBuilding besementCeilingHeightAboveGroundSurface: Length {0..1]
«ADEs basementType: ConditioningType [0..1}
buildingType: BuildingType [0..1]
oonstructionStyle: CharacterString [0..1]
=avesHeight: Length [0..1]
energyPerformanceCerification: URI [0..1]
grossholume: Yolume [0..1]
landmarked: Boglean [0..1]
+generalizesTo 0..°Y ;" referenceGeoCoordinates: GM_Point {0..1]
referenceHeatedFloorAsea: Area [0..1]
. wfeaturaTypes refurbishmentClass: CharacterString [0.1]
CiCRL tos ehied ridgeHsight: Length [0..1]
i - e, 7
+ eationDate: Date [0, yearDfRefurbishment: Year [D..1]
+ externalReference: ExternalReference [0.7]
+ generi et A jcAttribute (0..%] =
+ relativeToTemain: RelativeToTerain [0..1}
+ relativeToWster: RelativeToWater [D..1] (]
+ terminationDate: Date [0..1]
+usageZones [
afeatureTypes
afestureTypes +contai Mgk
B Z contains
BuildingUnit + ooolingSchedule: 041
+  numbarCfRooms: Integer [0.1] N 1|+ heatingﬁmedulle_' _STEduIaIU.JI
+ ownerName: CharacterString [0..1] h LI?EQEZ..H-E'CJESS. BuildingClass
+ ownershipType: OwnershipType [0..1] = f"’EdA"EE' i .
+ usedAres: Area (0.1] F .Js,Ed.FIu.\'xNumhas. Integer [0..7]
+ wventilaticnSchedule: _Schedule [0..1]
0.1 0.1
oA L A
0. +oC 0. +oc +has L g +has 0.~
«featureTypes sfeatureTypes
Oceupancy Facilities
+ internGains: HastExchangsTyps [0..1] 3 R s 10..]
+  numberOfOcoupants: Integer 10..1] =
+ occupancyRate:  Schedule [0..1]
+ occupantType: OccupantType [00.1)
1 «featureTypes
DHWFacilities

+oonsiststOf g

afeature Types
Household

+ residenceTyps: ResidenceTyps [00.1]
+ type: HouseholdType [0..1]

——+ numberCfBath: Integer §0:.1]

+ numberDfShowsr: Integer [0..1]

+ numberOfWashBasin: Integer [0..1]
+  waterStorageVolume: Volume [D..1]

afeatureTypes
Electrical Appliances

+

electricalPower: Measurs [0.1]
+ hestlosses: HeatExchangeType [0..1]
+ name: CharacterString

e Contains building usage
characterization including HVAC
operation, ownership and occupancy

information

 Temporal variables (e.g. occupancy
rate or operation schedules) can be

modelled with different LoDs

 May be used and further extended for
multi-field analysis (e.g. socio-

economics).
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Energy and Systems

«ADEa

CityObject afesturaTypen

PawerStorage System.
= battenTechnclogy: CharacterSiring [0.1]
+ powerCapacity; Integer 1011
nerg
+ endlse EndlkeType g (i ] + ue‘Mea;ue A
<+ ensrgyAmount: _TimeSeries [0..1] g L < + m Me\j'"ml:nTypeIlI Ay {u- )
+ thermalLosesFactor: Wzastre {0..1]
<+ velume: Volume [0,.11
+en
iesnRsTipes BE +eneryDisti slestursTypes.
iy Sy shin PowerDisfributionSystem
~ distibutionPerimeter DistibutionType [0..1] k] + amenl Mesa AT
+ valtage: Measure [0..1]
yyyyyyyyyyy 0.1 «festureTypes
«featureT) i
wm;ﬁ + IsCirculation: Boolean [0..11
X medium: MediumTyps {0.. }
endlse; EndUseType [0..1] + nominalFlow; Measure [0,
ensrgyAmount _TimeSeries [0 1] retum Temperature: Messure [0.,1]
medium: EnargyCaniarType {0..1] supplyTemparature: Measure [3..1]
thesms|LossesFactor; Measure
produced / [\ 1.~ - LB
ducedBy N/t o
Bhpatd R
Operationiode caver EnergyCoverage
controls: ContralType [0..1] o e
ndlse: EndliseType e ]
opssstionTime: _Schedule {0..1)
yesrlyGlobalEfficiency: Measure [0.1] o
+has

wfestureTypes 1.
(feamleTypex
efficiencyindicator: CharadierString [0, 1] EnergySource
stalledNominalPower: Messure [0.1] e o pE
model; CharscterSting [0,,.1] A e
nominalEfidensy: Measure [0 1] energyCanier: EnsrgyCamer
mber [nteger [0.1]
e f0.1]
yearOfManufacturs: Year {0..1] i
Site

Contains energy amounts
(demand, supply, sources)
..and energy systems
information (conversion,
distribution, storage systems)
..related to the different end use
types (e.g. space heating, cooling,
DHW)

Energy amounts may be associated

to any CityObject
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wdata Types
_TimeSeries

+ id :CharacterString
+ temporalExtent (TM_Pesiod

+ variableProperties TimeVeluesProperties [0..1]

I

adata Types
RegularTime Series

+ timelnterval TM_Intervallength
+ walues Decimsl [0..7] fordered]}

adataTypes
IrregularTime Series

wdata Types

TimeValuesProperties

source CharacterString
uom UnitCfideasure [0..1]

4 bk A

acquisiticnhethod CharacterString [0..1]
interpolationType :InterpolationType [0..1]
gqualityDesmiption :CharacterSiring

variablelabel CharacterString [0..1]

Inspired from other ADE (WaterML), applied to Energy Amount
Models both regular and irregular time series

May store both simulation results and metering data for

comparison purpose

+containsy | f0..*

wcodelists
InterpolationType

wdataTypex
MeasurementPoint

+ time :TM_Position
+ walue :Decimsal

e

AveragelnPrecadinginterval
AveragelnSuccesedinglnterval
ConstantinFPrecedingnterval
CaonstantinSucceedinglnterval
Continuous

Discontinuous
InstantaneousTotal
MaximuminPrecedinginterval
MaximuminSucceedinglnterval
MinimuminPrecedinglntervel
MinimuminSucoeedinglntenal
Preceding Total

Sucecesding Totsl
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Application and test cases

 Heating demand calculation

250 kWh/mZ.a

Snapshot SimStadt, HFT Stuttgart.
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Application and test cases

 Heating demand calculation

Heat Demand (kWh/sqm year)
0-150 (State without
151 - 250 renovation)

& 251 - 300
@ 301 -350

‘e 2 |
" © EIFER = Bahu, 2%,,,3:%'& > 350
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Application and test cases

 Dependencies Urban forms / Energy demand

Nanterre Ville SHO1 Gare de Gros Noyer St Prix SH02 E Anatole France RUBO1 Saint Denis Porte du Paris RUB02
" s
a4
L
S 200
L
2
- ™~
Paris £
= Taverny DHO3
Skin to volume ratio and primary E 150 .
heat energy demand interpolation. - .
< ®
o
@ Detached Housing g
@ High Rise Apartment -S.\ 100 .
@ SlabHousing % g .
@ Regular Urban Block S @
@ Compact Urban Block E
. 50
QO Idealized Sample i
g ® © o0
E
q E( wd EIFER R = Courcelles CUBO3
0
0 0.1 0.2 0.3 0.4 05 06

Skin to volume ratio

Source: LSE Cities, EIFER : Cities and Energy, Urban Morphology and Heat Energy Demand (2014) 23



Application and test cases

« CO2 emissions / Primary Energy

-

CO2 emissions
kgCO2/m?.a
unvalid buildings
<10
10-20
. 20-30
I 30-40
B 40-50
B s0-60
Bl -0
| B

* Energy saving potentials and

Heating energy savings
[%]

refurbishment scenarios

unvalid buildings
4]

B 1-30%

[ 30 - 50%

P 50-60%

B s0-70%

B 7o-s0%

B - e

Snapshots SimStadt, HFT Stuttgart.



Application and test cases

« Solar and renewable potential studies

11 ==

R R
2514386081 35145

2222222222

333333

??????

Insolation

KWh/mEyr

Irradiance potential

on roofs and facades

vm
7 E;. =1EF I

1 ‘: - ™ m

Roof suitability for -

Photovoltaic panels |

5 PV suitability




Application and test cases

PV cadaster based on 3D City models

fa i Jwv ’/ A N R S e o PV [Pelenidal

f.rf?

©EIFER -
Bahu, 2014
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Application and test cases

 Micro-climate studies

Snapshots CitySim, EPFL
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Application and test cases

Color bar

* Heat density map

Snapshot SimStadt, HFT Stuttgart.

o Support for District heating network layout
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Applications and test cases

CityGML + Energy ADE has the potential to enable

many further urban energy analyses

Impact of occupancy / behavior

« Comparison of actual and standard consumption

Daylighting analysis

Impact of energy-efficient measures

Life cycle analysis
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Collaboration with CityGML 3.0 development team

Collaboration with CityGML 3.0 and INSPIRE Building

development teams to harmonize some module/concepts

Materials

Time Series

Metadata

CityGML 3.0 Work Packages

WP3 WP6 WP7 WP8
LOD concept Time series Materials Land administrat.

WP9 WP10 WP12 WP13
Other construct. Utility networks Metadata Stories
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Conclusion and outlooks

After 1 year of collaborative development, the first version
Energy ADE has been released, freely available online

http://www.sig3d.org/citygml/2.0/enerqy/

Guidelines soon available for Energy ADE users (data

providers and urban tool developers)

Test phase on urban energy analyses has just started

We are very open to feedbacks and further active developers
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U.S. Dok BEDES

ENERGY.GOV

Commercial Facilities
Facility-level data for
commercial facilities (e.g.
gross area, year completed).
Each facility has one or more
activity areas.

Activity Areas

Data specific to area(s)
within a commercial facility
associated with a particular
type of activity (e.g. number

of hotel rooms).

_<

One to many
relationship

Site
Location-specific data for a
facility (e.g. zip code, climate
zone). A site can have one or
more commercial and
residential facilities.

Systems
System and component
characteristics of the
facility (e.g. lighting, HVAC,
envelope, )

Measures
Energy efficiency measures
or other changes that affect
the energy use of the
facility (e.g. retrofits,
commissioning, additions).

Energy Use
Data on types of energy
use, by fuel and end use.
Each energy use has a set
of time series data.

Residential Facilities
Facility-level data for
residential facilities (e.g.
gross area, number of
residents). Includes single
and multi-family facilities.

Time Series
Time series data for
each energy use (e.g.
monthly billing data,
interval meter data).

Support a wide range of
existing data sources (from
manufacturers, installers,

operators, measurements)

Structure splitted between
residential and commercial

facilities

Many code lists which may
be reused in CityGML

Actual version: 2.3 (feb. 2013)
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