)
S . v
o~ School of Life Sciences ‘i é@’ﬂ A %’_
] The Chinese University of Hong Kong @ ﬁ—
=B

151

H&r b

Opportunities and Challenges

17 B PR

Vertical Greening £

Prof LM Chu £F|ERZ
603A, Mong Man Wai Building, CUHK

Email: leemanchu@cuhk.edu.hk



1. INTRODUCTION 5|&

1.1 Adverse impacts of urbanization
S R ER e

* population growth A 1IE&

* habitat loss & 2 #hf715E

e pollution J53L

e climate change E{Z&1L
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Temperature

1.2 Concrete jungles HEgARAL

urban heat island effect 3 iy Zh B34 FE

higher night temperature f& & A E
elevated air particulate contents

PENZE R 2 &
urban canyon 3 7l &
lack of greening space 4%1F2e 55k

Surface Temperature (Day)
== Air Temperatura (Day)

—— Swrface Temperature (Might)
== Air Temperature [Night)
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Rural  Suburban

Pond Warehouse Urban
or Industrial  Residential

Downtown

Urban Park Suburban Rural
Residential




1.3 Urban landscaping

SOLAR HOT WATER
Rooftop tanks, heated by the sun, provide
domestic hot water instead of furnaces.

WHITE ROOFTOPS
Rooftops painted white re-
flect heat, lowering a bulld-
Ings cooling cost and a city’s
heat bulldup.

GREEN WALLS

SUPER TREES

UNDERGROUND PARKING
Subterranean garages near commuter
destinations eliminate the need for
cars to surface.

HARBOUR WITH CLEAN WATER

3-—‘—.2

VERTICAL FARMS
Food grown Indoors could reduce
fertilizer and freshwater use, shorten

transport and recycle gray water oth-
erwlse dumped by treatment plants.

HYBRID TAXIS
Taxl fleets converted to hybrid vehicles
reduce alr pollutlon and greenhouse
gas emlissions.

L
>

SOLAR POWER

Panels generate electricity Instead of
power plants and also shade rooftops
to lower a bulldings cooling needs.

SOLAR FILMS
Photovoltalc sheets on south-facing
bullding facades generate electricity.

GREEN ROOFS
Rooftop vegetation Insulates bulldings
against heat and cold and absorbs
storm water.

HIGH-EFFICIENCY WINDOWS
EMERGY STAR qualifled windows and
skylights allow employees to enjoy the
light and views in their office buildings
while the company saves money on
ufllity bills and protect wvaluable fur-
nishings from sun damage.

UNDERGROUND TRANSPORTATION
Commuter trains, subways and primary
reads run underground In massive tun-
nels, freeing the ground level for easy,
clean bike and pedestrian traffic.

THREE-BIN RECYCLING
Requiring businesses and homes to
separate trash, recyclables and com-
post spares landfills; collection charg-
es drop as trash drops

COMMUNITY GARDENS AND PARKS

{Thils ustration & Inspired by:
‘Sckantific Amancan, Ssptamibaer 2010

BIKE RACKS AND LANES
Ample bike lanes and racks encourage
more people to ride Instead of drive;
they also promote fitness.

Green / Liveable City &8/ 5 &
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Bosco Verticale, Milan (2013)

RE o
Clearpoint Residencies, Sri Lanka (2015)

Vegitecturel

Urban Greening for the &




1.4 Vertical greenery as alternative

e tall building blocks =K
- high wall:roof =% : E=]H
- large SA F KFRHIAITE

* free up precious ground space
for other uses [i&H 2 &N A
ZE [EFEL A FH AR

e alleviate increased solar heat
Interception by urban canyon

SRR IR T e BN A5 2R BE B HY
 alleviate visual barrier in
concrete jungles
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2. VERTICAL GREENING %

[

1)

5 &kE
vertical garden/living curtain/green wall/green facade

T HERL - BEEARE ~ 1LRSARE ~ &0 ~ THAS

horticultural practices that expand and extend vertically in space
& (e E EAE R 504

free-standing or part of a building

LRV NE DI FEE 2 /1 i Ay

partial or complete vegetation coverage
BT BSE B AR S

outdoor or indoor E4/pEE N




2.1 Types of vertical greening method

[+
1)

Sk BT 75 B R

Wl

— vines EATEY)

AT S AR

Exterior of a railway station in Hong Kong. Parthenocissus
himalayana can directly attach to brick or concrete surface.

B KEILHVINE - TR E R RAEESCRAE TR A -

Facade greening / Green wall
« support system 7 ZE 245

1. on soils at ground/elevated level gt

Direct attachment on wall

Twisting on wooden latice

On-the-ground type Elevated planter
2. grow on support 742 R4 £ using vines . e
TE b A i AN E )

Vines can grow on wires and pergolas to form a green cover
on building.

BRE A ERBGIIIIR EAR > PR [EskOCEENVERY) - 10
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Elevated planters [=ZEf&E}f

 raised planters/elevated boxes at certain height

(= ARAErE

. cIimbing and hanging plants, other herbaceous plants

ZENIGREMHED) ~

Elevated planters on a commercial
building in Ginza, Japan.
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Shower of gold climber on the Library at the Singapore National
Management University. 3z 17 & A = 2 B ik -
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2.1 Types of vertical greening method

&R BT A RERR

[+
1)

Wall planting / Living wall

]

N

o carrier system K#E{ = £ 41

— groundcovers, grasses, sedges, ferns and
even shrubs

HAEY)) ~ AR} ~ DERL - BHEE 2R
1. on soils contained within modular planters

mounted on wall HEERAE A4S -
2. irrigation system on top THEREEEEE 247 Modular planter {57t 4

BB BT gt
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Les Halles, Avignon, France

BHV, Paris, France JEE|E 2R
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Vertical Greenery Systems

EHERSS NS
_____________________________ |
| o
Support type (Green Carrier type (Living wall)
s7%agade) 7?(%%5&
|
|
Climbing Substrate-based
: =T ST
Near-wall | |
planting Direct Indirect  Hanging Hydroponics ‘
LR Y EELE HP# [E1#% R 7KK

Hydrophilic Vertical Angled Horizontal
bags

Major types of VGS according to planter position and orientation

RBIE AL BT WP £ 2= Har{bavERE
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3. RESEARCH IN VERTICAL GREENING

7= H 2 bR
16 -
14 -
12 -
10 -
g |
6 -
4 |
5 |
(JEEE R
,1900 q,QQ"' ,190"' ,\90"’ ,190“ ,190"’ q,Qo‘° ,196\ ’190‘*’ ,190‘5 ,19\9 &»"’ ,19'\')' ,19'\',”

Number of SCI publications
(N=49) on vertical greening
from 2000 to 2014 (June)
classified by greenery
systems and research
topics.

B Support-type systems
u Carrier-type systems
B Both systems

B Systems not mentioned

®m Thermal behaviour / Microclimates

B Building energy

® Air purification

m Cost-benefit analysis /Life-cycle analysis
B Acoustics

m System water usage

1 Public perception

& Plant growth performance

20



3.1 Our research on vertical greening

3.1.1 Assessment of the temperature reduction ability
of support-type vertical greening system

e support system

e outdoor

e east-facing wall

e 13 species (climbers)

e on planters and metallic mesh

21



Bauhinia glauca Bougainvillea spectabilis Clerodendrum
R E A thomsonae
LIRS

Clitoria ternatea Lonicera japonica Mandevilla x amabilis
EAtH A T

Mansoa alliacea Pandorea jasminoides Passiflora edulis
T SL0EE HER

Pyrostegia venusta Quisqualis indica Thunbergia grandiflora

HRHLAE EET REMETE

13 climbing species

Urechites lutea

Experimental setup

......... 92 cm
Wall
15cm 3cm 3cm
Y
10em *
v/
92 cm ¢ WA
o/
-
‘. 60 cm
18 cm
| | _' 8cm I
46 cm 24 cm

® Temperaturesensor

Design and installation of modular planter

22
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Average maximum temperature reduction ability of each species under

different weather conditions
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Temperature (°C)
N N w w w w w H
(o)) (000] o N H (o)) (0e] o

24

1 Bauhinia glauca

i R

00:00 04:00 08:00 12:00 16:00 20:00

Temperature (°C)
N N w w w w w
(@) (0] o N H (@) 00

24

Pyrostegia venusta
fRLAE /7 N\

00:00

— =Clear sunny (control)

Clear sunny (with plant)

— =Sunny intervals (control)

Sunny intervals (with plant)

= =Cloudy (control)

Cloudy (with plant)

00:00 04:00 08:00 12:00 16:00 20:00

Diurnal temperature changes behind canopy

00:00
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Pearson correlation between temperature

reduction behind canopy and canopy
characteristics on clear sunny days

Correlation

coefficient
Leaf number 0.26
Leaf density (no./cm3) 0.04
Leaf angle (°) 0.04
Effective LAI 0.42
Leaf area (cm?) -0.10
Canopy thickness (cm) 0.62"
Canopy coverage (%) 0.84™
LAI 0.73™
Leaf thickness (cm) 0.21
Leaf color (hue) 0.11
Leaf length to width ratio 0.10
PC1 0.16
PC2 0.79"
PC3 -0.07
PC4 -0.23
PC5 0.38

*p<0.05; ** p<0.01

Major PCs £ 7T and their attributes &4
of canopy characteristics of the 13 climbing

species

Canopy characteristics PC1 PC2

Leaf number
Leaf density (no./cm3)

Leaf angle (°)
Effective LAI

Leaf area (cm?)
Canopy thickness (cm)

Canopy coverage (%)
LAI

Leaf thickness (cm)
Leaf color (hue)

Leaf length:Leaf width

Variance explained (%)

-0.79 0.54
-0.82 0.34

-0.73 0.04
0.80 0.45
0.77 -0.41

-0.06 0.82

0.18 0.84
0.56 0.73
0.31 -0.14

-0.44 0.17
0.29 0.16
35 29

PC3 PC4
0.27 0.02
0.37 0.18

-0.44 0.01
0.31 0.07
-0.16 -0.33

-0.46 -0.07

-0.35 -0.04
0.10 -0.04
0.55 -0.27

0.34 -0.67
-0.18 -0.56
11 8

PC5
-0.10
-0.13

0.43
-0.19
0.11

0.11

-0.14
0.26
0.35

-0.13
-0.53
6



Summary

* There were difference in thermal reduction performance
between the various species studied.

* Pyrostegia venusta was significantly higher than

Bauhinia glauca in their temperature reduction ability
in the support-type vertical greening system.
 Thermal performance was significantly related to
canopy attributes such as canopy thickness, canopy
coverage and LAl.
* Denser, thicker and better-covered vegetation was
better in terms of microclimate modification.



3.1.2 Assessment of the temperature reduction ability
of carrier-type vertical greening system

« carrier system

. *-r-ﬁ\__ﬁ_" Experimental
outdoor = . 8 e

« east-facing wall

« 2 species
= Svpmgﬁzgorllzlj%gggfys w Substrate panel

o Nephrolepis exaltata
R TERR
« on modular panels

On substrate surface
(behind canopy)

On wall surface
(behind panel)

@ Temperature sensor

Modular panel )8



Canopy characteristics of Ophiopogon japonicus cv. Nanus and
Nephrolepis exaltata on the vertical greenery system

Ophiopogon japonicus Nephrolepis exaltata

Mean SD Mean SD
Plant height (cm) 6.0 0.3 16.8 1.2
Canopy thickness (cm) 4.9 0.3 14.5 1.0
Canopy coverage (%) 55 1 71 5

LA 0.63 0.06 1.10 0.11




Temperature (°C)

Temperature (°C)

I

I

2829 3031 1 2

Aug

5 6 7 8 9

w

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Se
i ——Control — Ophiopogon japonicus cv. Nanus H AS#HE

M

2829 3031 1 2

Aug

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

5 6 7 8 9

w

Sep
——Control — Nephrolepis exaltata #-THIR

Temperature trends of Ophiopogon japonicus cv. Nanus (upper) and

Nephrolepis exaltata (lower) on the substrate surface.
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Nephrolepis exaltata

Ophiopogon japonicus

Substrate surface

Temperature (°C)
N N w w w w
[e)} (0] o N H [e)}
J

N
N

N
N

Temperature (°C)

00:00 04:00 08:00 12:00 16:00 20:00 00:00

6 Wall surface

32

28

26 e T

22 T T T T T 1
00:00 04:00 08:00 12:00 16:00 20:00 00:00

— =Clear sunny (control)

36 - Clear sunny (with plant)

— =Sunny intervals (control)

34 A Sunny intervals (with plant)
— =Cloudy (control)
32 - ——— Cloudy (with plant)

24 A

22 T T T T T 1
00:00 04:00 08:00 12:00 16:00 20:00 00:00

Diurnal temperature changes behind canopy and panel
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Summary

Nephrolepis exaltata was significantly higher than
Ophiopogon japonicus cv. Nanus in their temperature
reduction ability in carrier-type vertical greening system.
This was attributed to its denser coverage & taller
individuals.

Nephrolepis exaltata reduced 1.5°C behind canopy while
Ophiopogon japonicus cv. Nanus was ineffective.
Temperature reduction on the wall surface was
negligible with or without vegetation.

Species selection for carrier type vertical greening in
maximizing temperature reduction efficiency would not
be significant when there was thick substrate (thermal
mass) with high in situ water content (thermal buffer).



3.1.3 Performance comparison between support-type
and carrier-type vertical greenery systems

Species with best temperature reduction ability
— Pyrostegia venusta and Nephrolepis exaltata

Focused on wall surface temperature reduction which affects cooling
energy loads and indoor living comfort

Planting mesh Substrate panel

Wall surface Wall surface

Air- canopy

/ Air-canopy
interface

interface

Behind

canopy Substrate surface

3cm 10cm 12cm  10cm O Temperature sensors

33
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Temperature (°C)
N N
a o0

N NN
o N B

w w w w
o N B~ O

Temperature (°C)
o o

N N NN
o N b

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00

Pyrostegia venusta —Air-canopy interface

——Behind canopy
Wall surface

\N/\\N[\\,

~~

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

AN

Nephrolepis exaltata —Air-canopy interface
——Substrate surface

Wall surface

18:00 00:00

Diurnal temperature changes at various locations
34



Average daily maximum temperature of bare wall surface, ambient air and
different locations of the support-type system and carrier-type system

Daily maximum Wall surface temperature

temperature (°C) @ reduction (°C)

Bare wall surface 35.2 a
Ambient air 31.9
Support system

Air-canopy interface 34.9

Air cavity 33.9

Wall surface 31.3 b 3.8
Carrier system

Air-canopy interface 34.0

Substrate surface 324

Wall surface 28.8 C 6.4

2a0ne-way ANOVA followed by Tukey HSD post-hoc test to determine any significant difference
between mean daily maximum wall surface temperature
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e==Bare

==Support-type

N
(0]

—==Carrier-type

Temperature (°C)

N
(@)}

24

22 T T T
06:00 12:00 18:00 00:00 06:00

Wall surface temperature under two types of vertical greenery
systems and a bare wall
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Summary

e Support-type VG system was less effective than carrier-
type in heat reduction at the wall surface.

* Despite this thermal advantage, there was a lag in heat
transfer in the wall of carrier system, which resulted in
slower cooling in late afternoon and higher temperature
than bare wall after sunset.

* A higher continuous inflow of heat at nighttime would
likely to cause excessive air-conditioning or discomfort
to residents in hot summer nights.

* Although carrier-type vertical greenery system did
better in heat reduction, it should be carefully selected
for its installation in residential buildings.



4. FUNCTIONAL STRUCTURE AND BEHAVIOR
GRS K ERE T

e System type - design features and mechanism

ENSW T G SR

* Plant selection and in cooperation with VGS

e I B

* [rrigation app ication and characteristics
/H%E/E%%éﬁ)@ 122 nﬁn%?ﬂ‘ %

e Substrate characteristics
AERE

38



4.1 Irrigation application and characteristics

FE LR GUE H G TR &

Automation by timer switch
(cheaper but prone to dry spell)
or by moisture sensor.

E B L B R SR RS -

CASCADING DRIP PRECISION DRIP

Proper selection of irrigation system: Chiang & Tan, 2009
 Reduce water wastage

* Improve water distribution evenness

* Increase plant survival

Related to irrigation program and substrate properties

39



4.2 Substrate characteristics

BN

(S

Substrate characteristics:

* sandy; rocky; organic

Physical properties:

* porosity; water holding capacity; permeability; water retention
Chemical properties:

* pH; nutrient contents

40



4.4 VGS maintenance requirement

BT K

* Maintenance issues:
o system/irrigation/vegetation (repair)
o pest/weed control
o fertilization/fungicide
o sanitization (especially important for indoor VG)

‘&

41



5. PROSPECTS & POTENTIALS &ER=HIE 1]

°* New dimension in urban landscaping & green building
development?

ST [E Rk LB Ak U SRR SR fEE 7 1m0

* System optimization in terms of functional performance,
operational cost, maintenance, sustainability by matching
the plant needs and system design
FETEYI A R Staxat » (BIERFAIERE ~ SRR
M FraE M




’ Carbon/Water footprint fiig/7K & E[J

Cost i AN
Technology /1ty
6. OTHER
CONSIDERATIONS Sustainability ] 744
HAZ RRE

Weight loading & &

Public perception & ZEEH
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Botanists
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Landscape
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ARREER
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