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Horeceptivity

“the gotitude of a material to be calonised by ane ar several grayps of living arganiams without necessarily undergaing any biodeteriaration”

(Guilitte, 1995)
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Why bioreceptivity?

Facade greening
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Why bioreceptivity?

Facade greening

Livingwall Hareceptivefacade




Research

*  Mhaterial propertiesconcrete

*  Laboratorytestsunder optinum conditions

(Manso& Aguada, 2016)
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Research

*  Mhaterial propertiesconcrete

*  Laboratorytestsunder optinum conditions

(Manso & Aguado, 2016) (Anicicet al., 2009)

Howisbioreceptivity affected by the urban climate and howdoesit contributetoinproveit?
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Are bioreceptive facade panels an effective measure toinprove aity climetesin The Netherlands?
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Focus

Are bioreceptive facade panels an effective measure toinprove city dimatesin The Netherlands?

*  Tenperaturereduction
Airquality
«  \aterretainment

*  Aesthetical benefits



Restrnictions

Precast concrete fagade panels

Boreceptivity: Bryophytes (moss)

Case study area Rotterdam Facade detail




Structure

Are bioreceptive facade panels an effective measure toinprove aity climetesin The Netherlands?
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Are bioreceptive facade panels an effective measure toinprove city climatesin The Netherlands?
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Are bioreceptive facade panels an effective measure toinprove city climatesin The Netherlands?
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Are bioreceptive facade panels an effective measure toinprove city climatesin The Netherlands?

s I

Moss City climate
®
Design tool 3
Simulations
00d

\ @ /
Facade panel design

LI




Structure

Are bioreceptive facade panels an effective measure toinprove city climatesin The Netherlands?
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Design tool

Howto develap a designtod for bioreceptive facade panelsto account for
the bryophytes habitat conditionsinThe Netherlands?
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Nutrients Lowrequirement
Water Moist climates
Solar radiation Lowlight condiitions
Himidity Hghlevels>50%
Wnd Intermediate

Natural habitat
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Conditions

Termperature 15-25°C
Nutrients Lowrequirement
Water Moist climetes
Solar radiation Lowlight condiitions
Hiumidity Hghlevels>50%
Wnd Intermediate

Natural habitat

Limts

*  Mistureinportant factarintheir habitat; Bryophytes
are poikilohydric, thismeanstheir hydrationstateis
controlled by the environment.

*  Bryophytesareinadehydrated metabdlically inactive
state (dormant)

Toonuchsunlight damagesbryophytes (better
resistant when noist)
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Facade inplementation; aty climate

Conditions

Termperature 15-25°C Increased
Nutrients Lowrequirement Decreased
Water Moist climates Sight increase
Sdlarradiation Lowlight conditions Decreased
Himidity Hghlevels>50% Decreased
Wnd Intermediiate Decreased

Limts

Water availability nat alimiting factor onfacade
applicationduetoirrigation



Facade inplementation; aty climate

Conditions Limits

Tenperature 15-25°C Increased »  Bryophytesareinadehydrated metabdlicallyinactive
Nutrients Lowreguirenent Decreased state (dormant)

Water Mhoist climetes Slight increase » Toormuchsunlight daneges bryophytes (better
Sdarradiation Lowlight conditions Decreased resistant when noist)
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Wnd Intermediate Decreased
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Facade inplementation; aty climate

Conditions

[ Tenperature | 15-25°C Increased
Nutrients Lowrequirement Decreased
Water Moist climetes Sight increase
Sdlarradiation Lowlight conditions Decreased

| Huridity | Hghlevels>50% Decreased
Wnd Intermediate Decreased

Limts
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Facade inplementation; aty climate

Conditions

[ Tenperature | 15-25°C Increased
Nutrients Lowrequirement Decreased
Water Moist climetes Sight increase
Sdlarradiation Lowlight conditions Decreased

| Huridity | Hghlevels>50% Decreased
Wnd Intermediate Decreased

Limts

The Netherlands 21 days>25°C
+/- 30days 0% relative huridityin summer
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Challenging and patential urban scenariosin Rotterdam
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Challenging and patential urban scenariosin Rotterdam
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Rotterdam

Challenging and potential urban scenariosin Rotterdam

Cool district



Gty climatetoaty structure

LCZ1

LCZ2

LCZ3

LCZ4

LCZ5
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LCZ6

LCZ7

LCZ8

LCZ9

LCZ10

LCZs reproduced fromGCke, Mlls
Christen, &Voogt, 2017
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Challenging and potential urban scenariosin Rotterdam
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Challenging and potential urban scenariosin Rotterdam

Codl district Kralingen
LCZ1 - Conpact Hghrise LCZ3 - Conrpact lowrise
LCZ5 - Openridrise
Hghbuilding enveloperatio
Hgh sky viewfactor
Representativeneighborhood

typology inThe Netherlands




LCZ5 - Opennidrise

Building planfraction
3%

Canyon aspect
05

Ruilding height
+#-13m

Kral

INgen
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LCZ3 - Conrpact lowrise

Building planfraction
60%

Canyon]aspect

Ruilding height
+#-75m



LCZ5-Qpenmidrise

Building planfraction
3%

Canyonaspect
05

Ruildingheight
+-13m

Held survey

LCZ3 - Corrpact lowrise

Building planfraction
60%

Canya]aspect

Ruildingheight
+-75m



LCZ5 - Openmidrise

Building planfraction
3%

Canyon aspect
05

Rildingheight
+-13m

Held survey

Match literature with real life scenario

LCZ3 - Conpact lowrise

Building planfraction
60%

Canyon aspect
1

Rulding height
+-75m



Held survey

The bryophyte growth inthe midrise area will be more abundant.
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05 1
Building height Building height

+/-13m #-75m



Held survey

The bryophyte growth inthe midrise area will be more abundant.

— |
LCZ5 - Openmidrise LCZ3 - Conpact lowrise
Building planfraction Building planfraction
3% 60%
Canyonaspect Canyonaspect
05 1
Building height Building height

+/-13m #-75m



Held survey

The bryophyte growth inthe midrise area will be more abundant.
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Held survey

e

Surrounding Horizontal Shading
green surfaces
N | E
Moisture Surface Orientation
roughness

Water availability



Surrounding
green

Moisture

Held survey

v+
+

Horizonta
surfaces

Surfaceangle

Surface
roughness

7

Shading

Orientation



Designtoal

Designing the panel geometry



Designtoal
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[1] Design concept

[2] Moisture

[3| Raciation measurements;/ shading assessment
[4] Visibility

[5] Coverage

Designtoal

Designing the panel geometry
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[1] Design concept
[2] Moisture

[3] Radiation measurements/ shading assessment

[4) Visibility
[5] Coverage Planview



[1] Design concept

[2] Maisture

[3] Radiation measurements/ shading assessment
[4] Visibility

[5] Coverage

Designtoal
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Radiation analysis design location 21st of June



[1] Designconcept

[2 Miisture

[3] Radiation measurenrents/ shading assessent
[4] Misibility

[5] Coverage

Designtoal
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Msibility onbryophytes



[1] Design concept

[2] Moisture

[3] Radiation measurenrents/ shading assessent
[4] Misibility

[5] Coverage
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[1] Design concept

[2] Moisture

[3| Raciation measurements;/ shading assessment
[4] Visibility

[5] Coverage
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Facade panel design

Howto design a bioreceptive facade panel in urban environmental
conditions of The Netherlands?
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[1] Design concept

[2 Moisture

[3] Radiation measurements/ shading assessment
[4] Visibility

[5] Coverage

Panel design]
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Panel design

[

[1] Design concept
[2] Moisture
[3] Radiation measurements/ shading assessment

[4] Visibility

[5] Coverage



[1] Design concegt

[2] Moisture

[3] Radiation measurements/ shading assessment
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[1] Design concegt

[2 Maisture

[3] Radiation measurements/ shading assessent
[4] Visibility

[5] Coverage

Panel design




Panel design]

‘ Variation 0l 02 03 04 05 06 07 08
Curve 1 A 25 25 25 25 25 25 23 25
F 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

) : Curve 2 A 0 20 30 40 10 20 30 40
) ( F 0.02 0.02 0.02 0.02 0.04 ||0.04 004 | 004
( Length (mm) 500 537 586 630 516 644 725 884

) - Radiation (h) 2.62 2.59 2.20 1.79 | 2.39 1.66 1.49 1.47
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[1] Design concept

[2 Maisture

[3] Radiation measurements/ shading assessent
[4] Visibility

[5] Coverage

Panel design2
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[1] Design concept

[2] Moisture

[3] Radiation measurements/ shading assessment
[4] Visibility

[5] Coverage

Panel design2
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[3] Radiation measurements/ shading assessment
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[1] Design concept
[2] Moisture

[3] Radiation measurements/ shading assessment
[4] Visibility

[5] Coverage

Radiation on panel
variations
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Panel design2

Nmr. R.1.1 R.1.2 R.2.1 R.2.2 T1.1 T1.2 T.21 T.2.2
Section Rectangular Trigngular

Variafion 1 2
Amplitude 3 10 10 15 5 10 10 15
Radiation (h) 2.0 214 2.32 2.33 177 1.76 120 191




Panel 1 Panel 2
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Panel 2

Panel 1




Conparison; Radiation

Panel 1 Panel 2




Panel 1 Panel 2
e  Sufaceares;0.29n2 Surfacearea0.25n2
*  Downwardfacingsurface 0.06n2 Downwardfacing surface 0.09m2




Panel 1 Panel 2

*  Radiation; panel 1 performsbetterintermsof
average sun hoursonthe panel, especially asH
increases.

« Thesufaceareaof panel lismorethanpanel 2
thismeansthe coverageispatentially higher.

»  Thesurfaceangle of panel 1ismore stiting for
bryophytes less downward facing surfaces. This
influencesthe coverage positively.



Panel 1 Panel 2

*  Miisture intermsof noisture panel 2 seerms
nore promising. The panel extendsthe water
flowandisabletoretainwater.

*  Radiation; panel 1 performsbetterintermsof
average sun hoursonthe panel, especially asH
increases.

« Thesufaceareaof panel lismorethanpanel 2
thismeansthe coverageispatentially higher.

»  Thesurfaceangle of panel 1ismore stiting for
bryophytes less downward facing surfaces. This
influencesthe coverage positively.
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Simulations

What isthe inpact of bioreceptive facade panels on the urban environment
inThe Netherlands?



Qinatesinulations

Goal: Measuring direct factorsof bryophytespresenceinthe urban climate at
street height inthe urban canyon

Tenperatureand humidity
B\M-net climate nmodelling software



Qinatesinulations

Goal: Measuring direct factorsof bryophytespresenceinthe urban climate at
street height inthe urban canyon

Terrperatureand humidity
B\M-net climate nmodelling software

Boundary nodel of different meteorological parameters

Smulation nodel



Qinatesinulations

Goal: Measuring direct factorsof bryophytespresenceinthe urban climate at
street height inthe urban canyon

Terrperatureand humidity
B\M-net climate nmodelling software

Main 3Dnodel including materials vegetationand sail

Smulationnodel



Smulationinput

»  WaatherdatafromBEPWfile (Rotterdam)

24hsimulation, startingat sunrise

Smulationnodel



Weather data fromBPWfile (Rotterdam)
24hsimulation, startingat sunrise

Average summrer day inThe Netherlands (25 °C)

oC’

Meteorological sunmer
--- Simulationday

Smulationinput

Smulationmodel




LCZ3 - Conrpact lowrise
Mddle street
Receptor(1.5m)

Smulationinput

Smulationnodel




e LCZ3-Corpact lowrise
*  Mddlestreet
*  Receptor(1.5m

Smulationinput



LCZ3 - Conrpact lowrise

Mddle street

Receptor(1.5m)
Gardenssinplifiedintograsssurface

Facade greening applied to SEand NMacing facades

Smulationinput

Smulationnodel




out

ioNnin

Snmulat

owrise

Gardenssinplifiedintograsssurface

LCZ3 - Conpact |

Mddle street
Receptor (1.5m)

facades

ang

1l
.._._

Facade greeningappliedto SEand NMa
Sinplification model to 3mx 3mgrid

(i)
il
it

At
(s
_"===._===

i,

__..E.._.___..__E

L
._“__“_.—_5—5
A

W
,,d_.,_n,,.ﬁ______—_.z__s—_ﬁ

Smulation



Facade panel properties

Panel coverage Panel 1

Coverageratio=
surfacearearatiopanel *moss coverage panel *
window-to-wall ratio

18*08*0.82=1.18



Facade panel properties scenanol
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Facade panel properties scenario2
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Facade panel properties

»  Mosssurfacearea=facade coverage *panel coverage

»  Facade coveragein configuration

o

84%

42%



Bryophyte properties .

Greening variable Value(s) Reference
Plant layer thickness 2-3cm Field observations (chapter ... section ...)
3cm K., Katoh, Katsurayama, Koganei, & Mizunuma, 2018
With/without substrate without Design factor
LAI 6 to 140 Glime, 2017
410225 Hanson & Rice, 2013
0.5t06.7 Bond-Lamberty & Gower, 2006
29to26.1 Niinemets & Tobias, 2019
Leaf angle 0.3 Wu et al., 2013
0.35t0 0.87 Falster & Westoby, 2003
CO2 fixation Cc3 ENVI-met, n.d.
(C3/c4 fixation) No measured C4 Hanson & Rice, 2013
Leaf type Conifer Hanson & Rice, 2013
Grass/deciduous/conifer
Albedo 0.2 ENVI-met, n.d.
0.2 Houldcroft, 2009
0.08-0.09 / 0.05-0.06 K., Katoh, Katsurayama, Koganei, & Mizunuma, 2018
0.13t0 0.19 Wood & Oliver, 2004
0.2 Declet-Barreto et al., 2012
Transmittance 0.3 ENVI-met, n.d.
Plant height 0.25 Default
Root zone depth 0.5 Default
Leaf area profile 0.15 Default
Root area profile 0.1 Default

Season profile 1 ENVI-met, n.d. (Not implemented yet)




Snmulations

«  SmulationT: Baseline measurement - nogreening present (red brick facades)
*  Smulation2 Measurement scenariol - Moss

*  Smulation3: Measurement scenario2 - Moss



Snmulations

Simulation: Baseline measurement - nogreening present (red brick facades)
Smulation2: Measurement scenariol - Moss
Smulation 3; Measurenment scenario2 - Moss

Simulation 4 Measurement scenariol - vy facade
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Relative humdity

ARH compared to baseline
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RH levels

Temperature
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Profiles

RH levels

Temperature
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Conclusion

* Thesimulations showthe maximumoutdoar tenperature reduction during an average sunmer day inan urban canyon at screen height of a
representative urban configuration in The Netherlands isa range between

Mninmumcoverage Optinmumcoverage

#/-02°C +-055°C




Conclusion

* Thesimulations showthe maximumoutdoar tenperature reduction during an average sunmer day inan urban canyon at screen height of a
representative urban configuration in The Netherlands isa range between

Mninmumcoverage Optinmumcoverage

#/-02°C +-055°C

 Thesimulations showthe maximumoutdoor relative humidity increase during an average summer day inan urban canyon at screen height of a
representative urban configuration in The Netherlands isa range between

Mnimumcoverage Optinmumcoverage

9.48% 1021%




Conclusion

 Thebiareceptive facade panels performbetterinterms of tenperature reduction and humidity increase
conpared to conpetitive green wall vy

Thebioreceptive facade panels change the time profiles of the humidity levels,
withthe Ivy greening this effect isnat present



[scussion

 Theresultsareanindication for mossfacade in one single clinmatic condition and configuration
e Orentation

o [fferent seasons

Wnddirection/speed

*  Influence plant properties Ivy and Mossfacade
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Conclusions/discussion

Are bioreceptive facade panels an effective measure toinprove aity climetesin The Netherlands?



Are bioreceptive facade panels an effective measure toimprove aity dlimetesin The Netherlands?

Linmitsof the urbandlimate

«  Dormant bryophytes can lose their aesthetic value (dormrant mosses tum brown), their ability to reduce air tenrperature (evaporation) and partially
their ability toinprove air quality(phatosynthesis, purify air)

*  Hghlevelsof solar radiation darmages bryophytes



Are bioreceptive facade panels an effective measure toimprove aity dlimetesin The Netherlands?
Theinpact of bryophytes

QOutdoor tenperature reduction seenslittle but still many variables of influence, indoor tenrperature reduction neglected
*  Promising humidity level increase; contributes totheir own habitat conditions

* Tenperature and humidity profiles change.

*  Mosses seemmore promising than lvy fagade.



Are bioreceptive facade panels an effective measure toinprove city dimatesin The Netherlands?
Bryophytes asfacade system

Horeceptivefacade




[scussion

Livingwall Boreceptivefacade

Material and system
thickness



[scussion

Livingwall Boreceptivefacade

Water retainment
Ar purification
Himidityincrease



[scussion

Livingwall Boreceptivefacade

Water retainment
Ar purification
Himidityincrease
Tenperaturereduction?



[scussion

Livingwall Boreceptivefacade

Water retainment
Ar purification
Himidityincrease
But;

Limited by dormancy



[scussion

Livingwall Boreceptivefacade

Resilient system



Promsing for continuing research ‘




Promsing for continuing research ‘

Relationship between exterior/interior terrperature and bryophytes

Physical plant properties of bryophytes and species selection
Held testing panel geometries, optinize coverage and meterial




Thank youfor listening
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