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Hong Kong Special Administrative Region
(HKSAR) & A Al T & @!
Land area |-} [&Eif&: 1,104 km? 2 93
T ks o S
Population A [1: 7.18 millions
Population density A C1%5E: 6,504 persons/ km?
High urban density to meet population growth
S N A LI
% - Urban heat island and lack of greenery s
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Introduction 5[ j:l:!l

Promote green roofs and vertical greening to
achieve urban sustainability ¥ fE%E( bijéﬂl ~

= 5 or(b o BRI A SENE
Common types of roof greening: podium *
gardens and sky gardens = B4 EHYE R AH
B SR eEMZE R RE
New greening techniques: HrHY%E{ ERL i
Extensive green roofs ¥H i A E THLRAE

Living walls & green facades ;& 4E JE 145 1%




A re3|dent|al podlum garden TI%—ZE’?TE

. y - _I_- Il. i
(Photos taken by Dr Sam CM HUI)
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Sky gardens |n commerual bundmgs T?ﬁ$jﬁ“ ’j_TIUEP?E
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Introduction 5|&

Our research Fef9HyiHZE*

Started in 2002 7£2002F5d%6
1. Assess the potential & impacts of urban greening &F
(I SR LAV B T 2
2. Develop practical guidelines & information | E V]
Ba{THES | MER
—~ 3. Evaluate building greening policy ¥ 224k EL

)

AR

5
By

&

N \ 4. Promote education & technology development {g 7

BRI SEE

(* See also http://me.hku.hk/bse/greenroof/)
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Examples of previous studies: DLEGIHFZE 5]+

Energy and environmental performance of green
roofs and living walls &¢{ b= THAL & AEAGHYEIBE
FOER ORI RE

Design and assessment of modular green roof
systems IR0 JHER b S &Y aa T LR
Life cycle analysis of green roof urban farming
THSR BEN T RS ry a8 HA oo

~easibility study of green noise barriers 4t {LfE S

PRI B TR ST

il




Green roof research at a construction site office in Hong Kong

E?ﬂ

Green site office and typical site office

SHEE

k£ £ S

QF%IEI’\j

= |H? ﬁ:{ bﬁﬂj—u (2002 2006)

Water sprinkler




Temperature {*C)

Green roof research at a construction site office in Hong Kong
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Green roof and vertical green for construction site offices
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Thermal modelling of green roofs 4%{L /22 [E Y Z B

Radiation Transpiration

\ ‘I‘ Evaporation

Radiation: R, =R exp (-k, LAI)

PC,  WRT
y(r, +1) ( h
Conduction: q'=(T, -T,)/ R,

Evapo-transpiration: (" = —2LAl

m




Study of modular green roof systems (2007-2008)
fEuR LR THAK B A SRHHTSE
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Plastic trays (infrared photo)



Green roof systems from Germany (left) and Japan (right)
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Typical structure of extensive green roof

P R TRGR LY AL 451

— Vegetation
— Growing medium

L L L L L L L L L L L L L L LL L L Filtermembrane

Drainage layer

Waterproofing
membrane

Support panel

—Thermal insulation

@A A \ Vapour control
‘L oA A - ‘\ layer

Structural support




Green n0|se barrier j:@ﬁ = E

(Source: Highway Departrheht, HK)
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Recent research studies & %71 5¢ 5% Y HZE:
Technical guidelines for green roof systems (done)

= JRGR B R GRITiTfar (48R

Integration of green roof and solar energy systems

SRIBERTEFI K78 RV E S

Evaluate indoor living walls = A JE A & B B A

Thermal regulation performance of living walls ;&

ARG AE

Year-round energy performance of vertical

greening systems = H &k (LRI & FHIRETEAE




Guidelines for the @8 Hui, S. C. M., 2013. Guidelines for
design and application the Design and Application of

of green roof systems Green Roof Systems, Chartered
Institution of Building Services
Engineers, London. (ISBN 978 1
906846 40 4)

B IRSH b RS aaE T B A a5 |

Introduction 5[ =

Scope i

Definitions &%

Planning Requirements R &2k
Design Considerations 5% 3 = FE1H
Construction Methods jifi T. /7%

. Maintenance Issues =& RE

. Project Management J& H &

© N O R DdRE




Integration of green roof and solar energy systems
SRBETENIKZBE R E &

(Photos taken by Dr Sam C M Hui)
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Indoor green wall = [N 4E( &

(International Commerce Centre & & 5 .0)3)

(Photos taken by Dr Sam C M Hui)

(International Finance Centre [&][& B 0)
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Energy balance for a green wall &1 EE =

5-30% reflection

BN 20-40% evapotranspiration

10-50% heat

(Source: Ottelé, M., 2011. The Green Building Envelope: Vertical Greening, PhD Thesis, Technical University of Delft, The Netherlands.)
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Infra-red photos of vertical greening =
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Introduction 5[ j:l:!l

Current studies H FijAYAFZE:

Technical guidelines for vertical greening systems
SERS S IS N OE SRR =152
Evapotranspiration analysis of vertical greening
systems Fz 5 &k{ b Z LAV E I AT
Double skin facade with vegetation plants % gz =
IEIIGER =R
HK green roof and green building policy & Y
SR bR TSR T SR EUR

l |+|
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Potential benefits B FEVHFE

Green roofs & vertical greening 4t{L = EA
7 54 E

Building integrated vegetation ZEZE4=4 M AE 1Y

Urban cityscape 3k i 5

Green infrastructure 4k ta Rt Ry
Possible benefits: B]fEAYIF- R

1. Environmental 35iEHY

2. Economic &%y

3. Social &1
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Potential benefits YE{EI4FEE

1. Environmental benefits: 32114 R
- Mitigate urban heat island 48 #3505
- Improve air quality [/{Z=E2E R/E =
- Stormwater management g =5 T R 7K & BE
- Create natural habitat ZE 7T 5 2858 B
- Increase biodiversity ¥ 49265614
- Insulate and absorb sound [ 1k = & «
- Possible urban farming B {EZ i 2 3 NG

AN




Urban heat island in Hong Kong éﬂéﬁiﬁj@ MEE

,G 20 mE E
%’ - Urban
N
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L T
(Source: SCMP and Hong Kong Observatory)




Rainstorm flooding problems in Hong Kong (2008)
B BHZRRZKZE-E
7. 1 R
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(Source: www.accuweather.com)



Potential benefits BIEHYHFm

2. Economic benefits: 270N 4z
- Improve roof durability 2= E BV T A4
- Increase roof material lifetime ¥z BRIV =5
- Reduce building cooling load and energy costs
[ RS 2 B T A BE TR AN
- Provide open space & increase property value TE
LR - A VIR EE \

- Green building credit points & image

skt ST IR




Thermal properties of green roofs 4%{k

Outdoor

Evapo-transpiration

= ARV RE

Thermal mass

Indoor

Insulating
— property




Potential benefits B FEVHFE

3. Social benefits: =i iR
- Aesthetic for city space E(E T & HYZE H]
- Provide community green space & gardens for
sports & leisure i1t &RHAIEE » A{F%E
BRI
- Community participation fg At & By fEfar e Bl
- Provide education opportunities Fe L2 5 fiéwr
- Enhance local employment JjI5&M 7 503E e

P
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School educatlon green roof prOJect rﬂ&%& ;s;
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(Source: Ng Yuk Secondary School)




School education green roof project ¥ 5= E4%(E T2

"

(Source: Environment and Conservation Fund)




Green Roofs

Urban
Greenery

= [E%k o
Green City
Building Environment
GREO SR SRR
Sustainability
BIESS-C 97
| l |
Environmental Social Economic
ERIEHY &Y BHY




Green roof examples
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Green roof application is growing fast in Hong
Kong In recent years

1. Government projects (as demonstration)
BUNTEHE (7~E#z) (> 250 nos.)

2. School projects (with incentives/subsidies)
SRR E (BB R L)

3. Private projects (for “green” image)

MNIEH (R%k

I R)




Examples of green roofs in Hong Kong &&= [A4% LAY+
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Ocean Park J&F/\E

| e
Parklane, TST 2ovbiHArEEAsg  HK Wetland Park j&23 /&

(Photos taken by Dr Sam C M Hui)




Hong Kong Wetland Park Phases Il F5 3 &3t/ & 25 —HA

(Source: Architectural Services Department)
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New prison: green roof #rEZERAY R 4L L

Lowu CSD
(Source: ArchSD)




Government green roof projects B4tk

. ,h 1:: -*Lr:; 3 "'{?} .
Sewage treatment plant 57J<F@ IEF“

(Source: Drainage Services Department and Housing Authority)

= JHIHH

Sewage pumping station

757K IRk




Roof greening on covered walkway FZ17 A EEE R b
‘1{51?_" & B :
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(Photo taken by Dr Sam C M Hui)
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DETAIL - GREEN ROOF SYSTEM OF COVERED WALKWAY  merni
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(Source: Architectural Services Department)



School green roof project £ = [H4E L T2

(Source: Architectural Services Department)



HKU Centennial Campus & K HiHER &
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(Photos taken by Dr Sam C M Hui)
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(Source: Development Bureau, HK)

Introduce greening on existing rooftops ¥R A HYEIES | A%EA(E

Paving and vertical greening on roof garden

Source: The Hong Kong Jockey Club Headquarters




Green roof farming (Hysan Place, Causeway Bay)

= JHS ?1 b)ﬁ%# (B E A HE)

(Photos taken by Dr Sam C M Hui)
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Vertical greening examples ﬁ
E B 4 EHIBI+

Common reasons for vertical greening £ ¢

Har bRV RIRNA :
Aesthetic (how it l0oks) %ﬂ( 59’757 NER)
Cognitive (meaning) BZ&1(E

Experiential (use) B2 ({ *)
Planning and financial gains ($) FR &R UL 5
Pollution absorption (air) T UL 53%(2%5R.)
Ecology (habitats) 4= 5& (12 B i)

&l
150




Vertical greening examples

ol

Y

Application methods of vertical greening =

4 LB T £f7

—F—

RACANIER 4

1. Building facades or outdoor vertical surfaces 7
A MEEF A NE B AR
2. Interior walls or indoor vertical surfaces = A%

B\ N EE H 3R [H
3. Noise barriers (e.g. along the roads) [ &=
(P B R 55)

4. Slopes #4357




An example of vertlcal greening = H 4% 1 l:El’]*{l@J?

e Tmm———

(Source: CityWalk, Tsuen Wan, 5783558 K, www.citywalk.com.hk)



A green wall in Central FHERA4% S
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Podium | fu T ——

(18 Kowloon East)



A green wall project in Wanchai 158+ — (4% T2

(The Hennessy)
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(Source: www.greening.gov.hk)




Government demonstration projects FEY i &EntE B
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For a housing estate For a school building

For a government building (EMSD Headquarters)

(Source: www.greening.gov.hk)




A school green wall project —fTE 74k b E H
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(Source: www.everplant.com.hk)




An indoor green wall in a hotel 7555 iy —{& = N %E L&

(Source: Hotel ICON)
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Indoor green wall




Indoor green wall = [N 4E( &

B

(CitvWalk 2. Tsuen Wan. 528 358 A Hb 2HA)
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Greening on highway structures {7\ FE 451

(Source: Highway Department, HK)




Greening on slopes &} F4%AE

GEO Publication No. 1/2011

Technical Guidelines on
Landscape Treatment for Slopes

IR A AR AR AR R Y
1

enfdeb-bpeyae e ®e8 &

Geotechnical Engineering Office

Civil Engineering and Development Department
The Government of the Hong Kong

Special Administrative Region

(Source: Civil Engineering and Development Department)
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180 98 08 1 2 B AR ¥ 3R 1 12 i 00 68 1% 1§ [ (20 7 W8 B8, /)0 B4 08 )
Groundcover plants Hard surfacing Non-biodegradable erosion

and trailing plants ith planter holes ->55° control mat and, if necessary,

for climbers or wire mesh
mulching
syslems

45°.55° [—! -HEMEREAY
L Grass, groundcover
plants and climbers

0| pgem
1L LY
o Planter 35°-45°
_ holes for
g;g:““ o climbers
Retaining Wall il DE] S ESOE- S J R 3§
with designed i Biodegradable or non-biodegradable

erosion control mat

decorative facing ———=
: oMW -

= = NEEMENW

i » Tass & Grass, groundcover

3! pl L]

o g;::&dm i % plants, climbers and
Ly Shrubs small trees

=35°

WY
Climbers

"lox
Trees
M EAMI5° M0
Bl 5> MRS FB A0S B8
Biodegradable erosion
| mat for slopes
EMm RN control n
Groundcover over 15

plants and shrubs

Em
Planter

(Source: Civil Engineering and Development Department)




Major considerations

TEFREANR

Key factors for planning = Z3H SR 2=
Structural loading 457E & fay
Accessibility BER R 7 5122
Waterproofing JZ a5 E7K
Drainage HE7/KZEF
Maintenance #fiZE RS

Other design considerations E A5 T5 =
Selection of plants (e.g. hardy plants) {25 Y]
Stakeholders’ involvement & support 2517 Ff




Major considerations

TEFREANR

Climatic factors B {ENZ=

Typhoons: strong wind might blow away the

vegetation and soil JigJ&E, : 55 E &V A

= A

Heavy rainfalls: hold and drain the rain water
without creating pools of stagnant standing water

KR A FEZKAHTRRZKHEZK

I —) o
[ . :tl:n:l
N d

High temperature: affect some plant species 58 :

SHESTHY YR s 2

Strong sunlight: solar and UV radiation 58315 F5

ot KEZEE IS T MR




Major considerations

TEFEN

=

High-rise buildings: very limitec

Sy

I%/i_zl& :

Better to ap

IREEGIE Tl e S i

)

= HNZEETER

Podium/sky gardens & » 2 HifE

Structural loading 5 1ay =

roof spaces

TPR

oly green roofs to medium- or low-rise
buildings/structures or podium roofs 5 4 2 -

==Y

b=

= JHSR L

Determine validity and cost ¥ &8 X MR A

For existing buildings ¥} 2H A5 %

ey

Light-weight greening systems §&’& 45 245




Green roof on a low-rise building 1F{E/& 520 = TH! 521!:

"

(Source: Hongkong Electrlc Co Ltd)
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2007-10-24 15:49:57, 40 -
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Infrared photo for assessin‘g thermal effects
B EERYALY MR A

et
!

Typical hardy plants (sedums) used for green roofs

T éarb Rz JARY EATH R SR Y)

.




Major considerations
FEZFRAZR

Costs and commitments

Capital cost (direct & indirect costs) ARG AN (E.
PR RERAS)

Recurrent maintenance costs 4% &= 4G naE B -
Life-cycle costs 4= ap A HARY A

Risk of failure costs 2 Hi iy &l g gl A

Maintenance commitments 4 K5
Ownership #EH5 FE




Development trends

£ S

Sustainable technologies
Rainwater harvesting [ 7K £
Renewable energy (e.g. solar photovoltalc &

wind) B] F4E fEIR (WK Pm RE YO ELEE
Composting (for producing fertilizer) #EHE(F A

lllll

::FHEH"D
Farming & food production E2ZMI& LA =
Agricultural green roofs EE2EE [HER(E 7 &

Edible living walls B] & Y &4 15




Integration of green roof, rainwater recyc

el

Nk i

7K

|

Ing and renewable energy

TRIA]

A BERAY SR RN




Integration of green roof and solar energy systems

ki JHAL K HE S Y2 o

< .'j'_'f,r_‘;"':;:?ﬁ#:fu."-:r;:* ,
P . e

(Source: www.zinco.de)



Sustainable rooftop farming B F54&

Wind
energy

(Source: www.skyvegetables.com)

2 [

+A




Green roof research with integrated systems 4% & JBHYAEE 24558

**.m:x\ u.\\ N ' =
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&7 > for green roof
73 resesch and urban farmmg




Urban farming on green roofs Sl IE%BFE;L%%#

Farming on the roof Vegetables and herbal plants

ik FETH | TI;S%D RINERY)

_-r -- o a i - 4 . » :
Water melon 74 J[\ Green beans & &
(Photos taken by Dr Sam C M Hui; Acknowledgement: St. Bonaventure Catholic Primary School )




(Source: www.lifeisagarden.com.au)




Soil-less green roof farming (purple potato) & 4 B2 TE4%( L fE g Lo
[An elderly home in HK Ay — 22 ]




Conclusions
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4o

Green roofs and vertical greening are

developing fast in Hong Kong EE4ECAIE

E & bIER A&

New techniqL

T

1

1R

€S are a

TTHE FH T

HEE

LD

fE

oplied to urban greening

i

More research 1s needed to determine suitable
technologies and policy for promoting them
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THANK YOU 5 11

(More information: http://me.hku.hk/bse/greenroof/)




