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Context

 Development of a common CityGML ADE
Energy for building energy calculation

 Occupant behavior is a key issue for building
design optimization, energy diagnosis,
performance evaluation, and building energy
simulation by contributing significantly to the
building energy consumption
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CityGML existing structure

 Current Usage aspects in
CityGML: .= J

Slase-gmins Fype-{Bmid
+function : gml::CodeType [0..7]
+usage : gml::CodeType [0..*]

— Building Function
(dwelling, office building, ...

=@ 1]

+yearOfDemolition : xs:gYear [0..1]
+roofType : gml:CodeType [0..1]

) +measuredHeight : gml::.LengthType [0..1]

+storeysAboveGround : xs::nonMNegativelnteger [0..1]

+storeysBelowGround : xs::nonNegativelnteger [0..1]

B u i I d i n U S a e +storeyHeightsAboveGround : gml::MeasureOrNullListType [0..1] N
g g +storeyHeightsBelowGround : gml::MeasureOrNullListType [0..1] —

AN Lelels Tl T T JAN ANEEER

 These aspects are not enough regarding usage for
energy calculation
— Not , energy-usage-oriented”

— Building level = energy calculation needs more details
(attributes & objects) regarding the usage zone level
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Objectives

e Detail the building function in the perspective
of building energy calculation

* Anticipate further needs regarding socio-
demographic modelling
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Methodology

Collaborative development:

Definition of the objectives

List of required attributes & objects

Review & comparison of existing approaches
Proposition of an UML structure

Al S

lterative improvement by testing different case
studies
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Existing approachs
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Main asumptions

* Model occupants as aggregated occupant
groups, rather than single occupants.

e Usage zone -2 single usage
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ro

bldg::Room

No.x

Dbidg::AbstractBuilding

I

ade::AbstractBuilding

UsageZone

RALLLLLELLELE LY LR LR LN

dhwFacilities

numberOfBath :int
numberOfShower int
numberOfWWashBasin

int

ElectricalFacilities

CELERLELELEL TN

- usedirea :double

- ventilationSchedule Schedule

temperatureCoolingSchedule :Schedule
- temperatureHeatingSchedule :Schedule
- usageType :UsageType

L LLLLLL]

L LR LELELE VN

alesssnnnnnnnnnns®

BuildingUnit

usedArea

numberOfRooms int
- ownerMName :String
ownershipType ownershipType

. ®
AN NN NN NN NN EEEEEEEEEEEEEEEEES
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posal: UML class diagram

.

Occupancy

intemGains :double
numberOfOccupants cint

occupantType -type

schedule :Schedule

* *
®ssssnssssssssnnnguunnnnnnnnnnnnt

®snmsnnmnnmnnnnas?®

{if OccupantType = Residents}
I

Household

manyDataFromCensus... :double
residenceType -ResidenceType
type ‘HouseholdType

Types
«enumerations aenumerations
OccupantType ResidenceType
Residents mainResidence
Workers secondaryResidence
Visitors vacant
Students
Patients wenumerations
Others { Combination UsageType
residential
eenumerationys ofﬂc.e
ownershipType retail
service
PropertyManagementCompany industrial
Govermnment agricultural
Occupant food service
PrivateOwnerMonOccupant education
Other / Combination health care
Corporation warehouse
NonProfitOrganisation vacant
.“..............-.,“
E Schedule H
. - unit :char .
kS N

*

Schedule:LoD0

Schedule:LoD1

Schedule:LoD2

- averageValue :double -

setBack -double
- setPoint :double

- usageDaysPerYear :doubls
- usageHoursPerDay -double

- yearlySchedule

1.

dailySchedule

- dayType :dayType
- schedule tin8Series




Definition : Usage Zone

* UsageZone represents a zone

with homogeneous
usage/activity type e
(residential, office, retail ey
etc...), related to the class \ Q

AbstractBuilding of CityGML.

* Non-geometrical object (Geometrical information:
UsageArea)

e |tincludes the indoor climate set-points
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Definition: BuildingUnit

e BuildingUnit is a spatial
unit of ownership
(dwelling, workplace), part
of UsageZone.

\\e

U"P
0.1 BuildingUnit
|- numberOfReoms :int
- ownerMame :String
e - ownershipType ownershipType

- usedArea
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Definition Occupancy

 Occupancy represents “
the "human content” of ..

Occupancy

a UsageZone or a

0.*

BuildingUnit, defined as -

- intemGains doubls
- nmumberCfOccupants int
- occupanfType -type

schedule Schedule

an aggregated group of
occupants which can be
residents, workers,
visitors etc.

 Occupancy may be detailed in Household

0
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Definition Schedule

e Schedule details time-

Schedule:LoD2

depending variables (indoor =

climate set-points, occupancy)

dailySchedule

e |t should be defined with different Level of Details:

— LODO: yearly average value

— LOD1: setPoint, setBack, UsageHoursPerDay,

UsageDaysPerYear
— LOD2: timeSeries (hourly resolution)
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Working group

e Participants

H C U HafenCity Universitét
Hamburg

— Esteban Munoz

— biergiorgio Cipriano, SINERGIS

Luca Giovannini

— Romain Nouvel

— Jean-Marie Bahu
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Annex — List of attributes

Attribute Name

OccupantNumber
heatingSetPointTemperature
coolingSetPointTemperature
waterConsumption
dhwDemand
airChangeRateRequirement
usageDaysPerYear
usageHoursPerDay

zoneArea

dwellingNumber

householdType

ownerStructure

residencyType
employeeNumber

organizationName
working capital turnover

internalGains

Description
number of occupants when dwelling
occupied

domestic hot water demand

number of dwelling

profile of household

ownership

type of residency

maximal number of employee

name of the
firm/establishment/organisation

turnover of the firm/organisation, made in
the workplace

anthropogenic heat gains (people +
devices)

Unit/Type

int

°C

°C

Liter / year

kWh/yr

AC/H

int

int

mZ

int

student, worker, family
with young children,
worker couple without
children, retired

Housing company, private

owner-resident,...

main residence
(permanent), holiday
home, week-end home,
unoccupied

int

String
€

W/m2

Reference Object

Dwelling

zoneUsage
zoneUsage
ZoneUsage
zoneUsage / Dwelling
zoneUsage
zoneUsage
zoneUsage
zoneUsage
zoneUsage / Building

household / Dwelling

zoneUsage

Dwelling / Dwelling
workplace

workplace
workplace

zoneUsage

Application Field

space heating
space cooling
water

heat

space heating

space heating,
heat, water...

space heating
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Annex - Existing approachs

e |[EA Annex 66

Objective:

Energyf Technoloay
Network

— set up a standard occupant behavior definition platform,

— establish a quantitative simulation methodology to model occupant behavior in
buildings,

— understand the influence of occupant behavior on building energy use and the
indoor environment.

—-——— e e = —m—-m—-—-——-—-

I S -
1 | e e - | Sub-Task A Sub-Task B Sub-Task €
: Comiort, s : Environment, I I Occupant Action Modal in Action Modal In
1| culture, > | > > » | Building | » energy cost, | | movemant and residential commercial
1\ economy '-‘ 2 energy usage | presence bulldings buildings
I [ —a——— e L T ! |
I N ——— L |
I |
! | 1| Psychology, )i
I + i1 physiology, |t . L - - - - — -
| | economy Ji = 1
10utside impact factors | o ] I Impact of human | Integration of OB I
b s e s | behavior on building [ Sub-Task D hLd Il Ppractical
energy performance ] simulation toaks !|  Practcal
| || Amplisation
Human feelings in [ I
Pnrrc:lples:OLrgm ideology physiology, psychology, | !
o avior i I I
cabmcinranes Sub-Task E the applications of
0R models 1

Figure 7 Relationship between occupants and buildings
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