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Time synchronization
« Current local time = Time offset + Master time [s]

« Apperant solar time == climate data synchronization, no direct
exchange

Climate data synchronization
« FMU-exchanged quantity: building FMU output/other FMU input
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Interface to Plant FMU:
1. Interface between ideal heating/cooling control and building
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Interface to Plant FMU:
1. Interface between ideal heating/cooling control and building
2. Interface between supply and return flow of heater/cooler
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NANDRAD-FMU
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NANDRAD
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Interface to PIant FMU:

1. Interface between ideal heating/cooling control and building

2. Interface between supply and return flow of heater/cooler

3. Interface between supply and demand side of hydraulic network

05/09/16 Miami NANDRAD FMU Import/Export, Activity 1.2, Slide 5
Annex 60



TECHNISCHE
UNIVERSITAT

DRESDEN NANDRAD FMU Export

Generation of NANDRAD FMUs

« We support plant coupling scenario 1.

« Heating/cooling interface is individually defined for each zone/space

type

<!-- Properties of defined spaces. -->
<SpaceTypes>
<SpaceType name="Office">
<IBK:String name="FMUInterfaceDefinition">HeatingScenariol</IBK:String>
<IBK:Parameter name="MaximumPersonPerArea"” unit="Person/m2">0</IBK:Parameter>
<IBK:Parameter name="EquipmentElectricInputPower"” unit="W/m2">0</IBK:Parameter>
<IBK:Parameter name="LightingElectricInputPower" unit="W/m2">0</IBK:Parameter>
</SpaceType>
</SpaceTypes>

« FMU-Export via command line:

NandradSolver --fmu-export=TestProject.fmu TestProject.nandrad
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:na ndr:adF:M]:

.'Cdnvecti\}eTHermalL.oad_id._l' | |
‘ConvectiveThermalLoad_id_2' '‘AmbientTemperature’
. .'RadiaﬁtTHermalL.oadiid;l' - | ‘AmbientRelativeHumidity'
‘RadiantThermalLoad_id 2 | I | ‘DirectRadiationNormal
' o ' S o lefuseRadlatlonHorlzontal‘
WlndVeIocﬂy
r 'Wlnlerectlon
LongWaveCounterRadlatlon
i 'A2|muthAngIe
r 'ElevatlonAngIe
“AirPressure’
r 'ZoneMeanAirTemperature_id_1'
i 'ZdneMeénAi'rTempératﬂre;idi'Z'

i 'ZéneMea'nRa'diantTémpera'turé id_1' '
r 'ZoneMeanRadlantTemperature id_. 2'
HeatlngSetpomtTemperature |d 1

i 'HeatlngSetpc)lntTemperature |d 2
Cool|ngSetp0|ntTemperature |d 1
Cool|ngSetp0|ntTemperature |d 2

UserLoad_ld_l‘

i 'USerLoad;idéz‘

i 'EléctricPc')we'rConsu'mpt'ion'_id_'l'

i ‘ElectricPowerConsumption_id_2'
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S S . CandradeMl S S .
‘ConvectiveThermalload_id_1' O UtputS
‘ConvectiveThermalLoad_id_2' ‘AmbientTemperature’ .

. B . . B - - " . - . . . - L . . . .

‘RadiantThermalload_id_1' ‘AmbientRelativeHumidity' CI Im ate d ata
‘RadiantThermalLoad_id_2' ‘DirectRadiationNormaI‘
T D\ffuseRad\at\onHorlzontaI‘
WlndVeIouty

i ‘Wlnlerectlon
LongWaveCounterRadlat\on‘ '

i ‘A2|muthAngIe

r ‘ElevatlonAngIe

‘A rPressu re'

'ZoneMeanAirTemperature_id_1'
| 'ZoneMea nAi'rTempératﬂ re;id;z‘

i ‘ZdneMeénRa'diantTém[jera'turé id_1’ '
r ‘ZoneMeanRad\antTemperature id_ 2‘
HeatlngSetpomtTemperature \d 1

i ‘HeatmgSetpowntTemperature \d 2
Coo\mgSetpomtTemperature |d 1'
Coo\mgSetpomtTemperature |d 2

UserLoad_ld_l‘

i ‘USerLoad;id;E‘

i ‘EIéctricPc'Jwe'rCOnsu'mpiion'_id_'l‘

| *ElectricPowerConsu mption_id_2'
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o o . andradivi o o .
‘ConvectiveThermalload_id_1' o UtPUts
~'ConvectiveThermalLoad_id_2 '‘AmbientTemperature’

RadiantThermalload id 1 | | ‘AmbientRelativeHumidity’ ' « Climate data

‘RadiantThermalLoad_id_2' ‘DirectRadiationNormal’ . .

. o T | 'DiffuscradiationHorizontal ' y Zone alr/ radlant tem peratu res
‘WindVelocity' S '

‘WindDirection®

‘LdngWa\}eCcﬁu nterRadiation’

‘Az'imuthAngI'e‘ .

‘ElevationAngle’

‘AirPressure’

'ZoneMeanAirTemperature_id_1'
"ZoneMea nAi'rTempératﬂ re;id;z‘
‘ZoneMeanRadia ntT'em[;'Jera'tu ré_id_l‘ '
'ZoneMeanRadiantTemperature_id_2'

‘HeatingSetpointTemperature_id_1'
"Heati ngS'etpbi ntTerhpefa tu're_i'd_2‘
‘Cooli ngSétpbintTerhpeFatu're_i'd_l‘
‘Cooli ngSétpbintTerhpeFa tu're_i'd_Z‘
'UserLoad_id_1'
‘USerLoad;id;E‘

‘EIéctricPc'Jwe'rCOnsu'mpiion'_id_'l‘

‘ElectricPowerConsumption_id_2'
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o o . andradivi o o .
‘ConvectiveThermalload_id_1' O UtputS
~'ConvectiveThermalLoad_id_2 '‘AmbientTemperature’

‘RadiantThermalload id 1' T | 'AmbientRelativeHumidity' ' ° CI | mate data

‘RadiantThermalload_id_2' I ‘DirectRadiationNormal’

| 'DiffuseRadiationHorizontal' ' * Zone a I r/ rad Ia nt tem peratu res
e . Setpoint temperatures
‘LdngWa\}eCcﬁunterR‘adiétio'n‘ ' '

‘Az'imuthAngI'e‘ I

‘EIevationAngIe‘

“AirPressure’
'ZoneMeanAirTemperature_id_1'
"ZoneMea nAi'rTempératﬂ re;id;z‘
‘ZoneMeanRadia ntT'em[;'Jera'tu ré_id_l‘ '
'ZoneMeanRadiantTemperature_id_2'

‘HeatingSetpointTemperature_id_1'
"Heati ngS'etpbi ntTerhpefa tu're_i'd_2‘
‘Cooli ngSétpbintTerhpeFatu're_i'd_l‘
‘CoolingSetpointTemperature id 2"
'UserLoad_id_1'
‘USerLoad;id;E‘

‘EIéctricPc'Jwe'rCOnsu'mpiion'_id_'l‘

‘ElectricPowerConsumption_id_2'

05/09/16 Miami NANDRAD FMU Import/Export, Activity 1.2, Slide 10
Annex 60



W

TECHNISCHE
UNIVERSITAT
DRESDEN

NANDRAD FMU Export

. ‘CénvectNeTHermaIL.oad_id._l‘
_ ‘C(_)nvecti\_feThermaIL_oad_id__Z‘ il

‘RadiantThermalload id 1'

_ ‘RadiantThermaIL_oad_id__2‘ ..

05/09/16 Miami

:na ndr:adF:M]:

‘AmbientTemperature’
‘Ambientﬁela'tiveHur'nidi'ty‘ '
‘DirectRadiationNormal'
‘DiffuseRadiationHorizontal
‘WindVelocity' -
‘WindDirection'
‘LdngWa\}eCcﬁunterR‘adiétio'n‘ '
‘Az'imuthAngI'e‘ .
‘ElevationAngle’

‘AirPressure’
'ZoneMeanAirTemperature_id_1'
"ZoneMea nAi'rTempératﬂ re;id;z‘
‘ZdneMeénRédiantTém[;'Jera'turé_id_l‘ '
'ZoneMeanRadiantTemperature_id_2'
‘HéatingS'etpbintTen'Wpe'ratu'rej'dil‘ '
‘HéatingS'etpbintTerhpe'ratu're_i'd_Z
‘Céo\ingSétpbintTerhpeFatu're_i'd_l‘
‘Céo\ingSétpbintTerhpeFatu're_i'd_Z‘
'UserLoad_id_1'
‘UserLoad id 2'

‘EIéctricPc'Jwe'rCOnsu'mpiion'_id_'l‘
‘ElectricPowerConsumption_id_2'

Outputs

Climate data

Zone air/ radiant temperatures

Setpoint temperatures

Electric loads
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ndradFMI

. ‘CénvectNeTHermaIL.oad_id._l‘

Outputs
| ‘AmbientTemperature' .
I ‘AmbientﬁelafilveHur'nidi'ty‘ o ' * CI I mate data

Drecfadmomemal . Zone air/ radiant temperatures
e . Setpoint temperatures
‘LdngWa\}eCcﬁunterR‘adiétio'n‘ ' ' ° H

cimtinge Electric loads

‘EIevationAngIe‘

_ ‘C(_)nvecti\_feThermaIL_oad_id__Z‘
‘RadiantThermalload id 1'
_ ‘RadiantThermaIL_oad_id__2‘

'AirPressure’

| ‘ZoneMeanAirTemperature_id_1' _ Inputs

"ZoneMea nAi'rTempéra tu re;id;z‘

| ‘ZoneMeanRadiantTemperature_id_1" ° Convectlve a nd ra d Ia nt

'ZoneMeanRadiantTemperature_id_2'
r ‘HéatingS'etpbintTen'Wpe'ratu'rej'dil‘ . th e rm a I I Oa d S
‘HéatingS'etpbintTerhpe'ratu're_i'd_Z '
‘Cooli ngSétpbintTerhpeFatu're_i'd_l‘
‘Cooli ngSétpbintTerhpeFatu're_i'd_Z‘
'UserLoad_id_1'
‘USerLoad;id;E‘

‘EIéctricPc'Jwe'rCOnsu'mpiion'_id_'l‘

‘ElectricPowerConsumption_id_2'
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Naming convections for zone specific inputs/outputs

« Physical mapping via zone ID number

« advantageous for plant design: each zone provides floor area,
design parameters for heating and cooling

« disadvantageous for connector/port design: vector valued
connectors are not supported === problems with automatic
connection of large buildings

!

« Numerical mapping via vector index

« advantageous for connector/port design: FMU standard allows
vector valued inputs/outputs

« disadvantageous for error control: physical meaning of the zones is
lost
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Naming convections for zone specific inputs/outputs

« Physical mapping via zone ID number

« FMU report file, documents mapping between physical and
numerical indices, floor area, heating and cooling design

parameters
Zonelndex ZoneName ZonelD ZoneFloorArea [m2] HeatingDesignThermalLoad [W]  CoolingDesignThermallLoad [W]
1 ground_floor 1 136.4 3694 0
2 upper_floor 2 136.4 3835 0
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« Large number of FMU input/output quantities: climate data (10
ports), temperatures and loads for all zones (7 ports per zone)

« automatic connecting necessary for large buildings

SimulationX/Modelica
« Plant model with is composed in Modelica

« Building FMU is encapsulated inside wrapper model (with collector
ports)

« Wrapper model is generated automatically while FMU export (script
based)

« Plant model is connected to wrapper ports
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NANDRAD FMU Wrapper
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AmbientCondition

Building

A [}ZoneMeanAirTemperatu reVector '

e DZoneMeanRadiantTemperatureVector'

ConvectiveThermaILoadVecto:a - .
RadiantThermalloadVecto .

HeatingSetpointTemperatureVector '

> — CoolingSetpointTemperatureVector

Grid

NANDRAD FMU Wrapper
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« Large number of FMU input/output quantities: climate data (10
ports), temperatures and loads for all zones (7 ports per zone)

« automatic connecting necessary for large buildings

Master outside Modelica environment
« Plant model is composed in Modelica/SimulationX

a. Empty wrapper model is connected to plant model, FMU
export of Plant model + wrapper ports (not supported by
SimulationX, yet)

b. Plant model is exported, building FMU is connected via
mapping information file:

heatingSystem1.QConv --> FMU1.ConvectiveHeatingsLoad_ 1
heatingSystem2.QConv --> FMU1. ConvectiveHeatingsLoad_2

« not solved yet
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