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Hong Kong Special Administrative Region

(HKSAR) & &R TEX @!
Land area +HrEfH: 1,104 km? o
Population A [1: 7.06 millions G
Population density A C1%5E: 6,480 persons/ km?
High urban density to meet population growth
| EESURAERIT ACR
=g & - Urban heat island and lack of greenery spac
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Introduction 5[ j:l:!l

Promote green roofs and vertical greening to
achieve urban sustainability ¥4k LE TR
T E AL > LB T AT M
Common types of roof greening: podium 3
gardens and sky gardens /& TR LAY E 2K
A S-S ARERZE PR
New greening techniques: FrHy4LF A

Extensive green roofs 15z = T4k

Living walls & green facades &4 k& F12%( b iE




A re3|dent|al podlum garden TI%—ZE’?TE
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(Photos taken by Dr Sam CM HUI)
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Podium garden (owloo_n Station) ﬁ‘ﬁ_?ﬁ(ﬂﬁﬁ)
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Sky gardens in commercial buildings E%ﬁi&jﬁ}%é’ﬂ_%tﬁ?ﬁ




Another type of green roof in Hong Kong & &1y 52 254kt E T
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Introduction 5[ i:ljl

Our research Fef| JAYLHZE*
Started in 2002 M 2002FH-46
Assess the potential & impacts of urban greening
PR 2 RS 52 ]
Develop practical guidelines & information i€
VST ES | (B R
Promote education & technology development {i¢

juiic O= Rl T ¥d e

(* See also http://www.mech.hku.hk/bse/greenroof/)
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Examples of previous studies: DLFFFZE ]+
Energy and environmental performance of green

roofs and living walls Z%{E

I RIERE
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Design and assessment of modular green roof

systems B LE [Nk b R TR i 1T S PHE

Life cycle analy3|s of green roof urban farming
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~easibility study of green noise barriers 2% {LfE




Green roof research at a construction site office in Hong Kong
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imé%f tﬁﬂn (2002 2006)

Green site office and typical site office Water sprinkler




Temperature {*C)

Green roof research at a construction site office in Hong Kong
FEE BRI EARYE TNE B 5
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Infrared pictures:

Green roof Conventional roof




Thermal modelling of green roofs %k THifY S Fh e

Radiation Transpiration

Radiation: R, =R exp (-k, LAI)
Evapo-transpiration: (' =—2LAl et (WERT)
y(r,+16)  hy

Conduction: q"=(Tq —Ts,) /R




Study of modular green roof systems (2007-2008)
LB TR
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Plastic trays (infrared photo)



Green roof systems from Germany (left) and Japan (right)
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Introduction 5[ j:l:!l

Current studies H FiiHIhFZE:
Technical guidelines for green roof systems = 7
LR FRIFORTE R
Technical guidelines for vertical greening systems

= H A AT HVRORTErE

Integration of green roof and solar energy systems

BRI K HEE RSV &

Evaluate indoor living walls = A &4 528y 1A

HK green roof policy & ARV LR TNECR




Typical structure of extensive green roof

AL 22 T2 B B AL 25

—

— Vegetation
— Growing medium
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— Filter membrane
Drainage layer

Waterproofing
membrane

Support panel

—Thermal insulation

\ Vapour control

\ layer

Structural support




Integration of green roof and solar energy systems
2Bl RS HEE R AV =

(Photos taken by Dr Sam C M Hui)
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Infra-red photos of vertical greening
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Potential benefits BERIEHFIA

Green roofs & vertical greening zx/{L /2= A
EHEES S v
Building integrated vegetation ZE7x,

Urban cityscape 375 Wi
Green infrastructure £ {f ELpH 2R 5%

Possible benefits: o] SERNE-ZA

1. Environmental IR ~
2. Economic 223551 ‘
3. Social %i/zr\\lél’]




Potential benefits BERIEHFIA

1. Environmental benefits: BRI Y4EH-4A
- Mitigate urban heat island ZZf# 3 AL,
- Improve air quality (4=Z25S i =
- Stormwater management =23 7 Fk 7K & FH
- Create natural habitat 7217 5 230 5L
- Increase biodiversity #4268 E 14
- Insulate and absorb sound &35 R0k 5

AR AT 1

- Possible urban farming =]

AN




Urban heat island in Hong Kong é Jé%ipjzr

(Source: SCMP and Hong Kong Observatory)
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Rainstorm flooding problems in Hong Kong (2008)
EEEIR ﬁﬁmﬂﬂl

(Source: www.accuweather.com)



2. Economic benefits:
- Improve roof durability F
- Increase roof material lifetime %71
- Reduce building cooling load and energy costs
T FIRE TR AR

- Provide open space & increase property value TE

3 (iWe:

fit
3

ENATARAYAN
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2o, T

JZENE] > B[R IILATHME
- Green building credit points & image
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Thermal properties of green roofs Zx{E

Outdoor

Evapo-transpiration

2 [ MERE

Thermal mass

Indoor

Insulating
— property




Potential benefits BERIEHFIA

3. Social benefits: t+=YEFAA
- Aesthetic for city space &b &HYZE 4]

- Provide community green space & gardens for

sports & leisure ¥ttt X2k FIAEE > v][{Ein
Bl AIHYIG: R

- Community participation ¥t XPyftE S5
- Provide education opportunities gt 5=
- Enhance local employment B A< 5




School education green roof pI‘OjeCt %&%ﬁz = ::,z::‘]ﬁéi{ E TR
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(Source Ng Yuk Secondary School)




School education green roof project =222y 5 = sk L T2
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(Source: Environment and Conservation Fund)




Green Roofs

Urban

— Greenery
= [T .
Green City
Building Environment
SFEEB AR
Sustainability
AR R
| l |
Environmental Social Economic
HIEHY =Ry L2GTHY




Green roof examples §
= ﬁéi'fﬂﬂ/:”ﬁj% : ._L;:

Green roof application is growing fast in Hong
Kong In recent years & [l {EAY N A > 3T4F
SKAEE A IEAE I

1. Government projects (as demonstration)
BRI H (*071758) (> 250 nos.)

2. School projects (with incentives/subsidies)
FRETH G

3. Private projects (for “green” image)

MANIE Oy 4”1 IES)
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Examples of green roofs in Hong Kong %

2 ek BRI BT

EMSD Headquarters 7[%%%)5‘\.3

Parklane, TST ZINS /[\nﬁ;ﬂgﬁﬁkt HK W@tland Park{ ﬂﬁ/\ TG

(Photos taken by Dr Sam C M Hui)




Hong Kong Wetland Park Phases Il 53535 /N Fe 58— HH

(Source: Architectural Services Department)
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New prison: green roof 3 s ikt & sk (b

Lowu CSD
(Source: ArchSD)




Government green roof projects EiFe{EE TR H

Refuge room 7y &=

Sewage pumping station

757K IRk

(Source: Drainage Services Department and Housing Authority)




Roof greening on covered walkway 5317 A EE Iﬁﬁ{b
R
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(Photo taken by Dr Sam C M Hui)
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(Source: Housing Department, HK)



School green roof prOJect ;&): IW%{ blk

(Source: Architectural Services Department)



School green roof project 2 = Tk L T2

(Source: Architectural Services Department)



HKU Centennial Campus & KFH EFER
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(Photos taken by Dr Sam C M Hui)




Introduce greening on existing rooftops F{lGHY

Paving and vertical greening o

205 [ AZkE

n roof garden

Source: The Hong Kong Jockey Club Headquarters

(Source: Development Bureau, HK)




Kai Tak Cruise Terminal E{&E LS Lk
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(Source: http://inhabitat.com and Development Bureau)




Vertical greening examples ﬁ
£ H 4 CHIPI+

Common reasons for vertical greening -

ESAEAYE WA :
Aesthetic (how it looks) ZE2(JE 2 FE)
Cognitive (meaning) IA%1(ZE Y)
Experiential (use) {A&4& ({55 FH)
Planning and financial gains ($) &I FIIF 25U 25

Pollution absorption (air) P05 4%(Z5 =)
Ecology (habitats) A= (it 2.4)
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Vertical greening examples ﬁ
7 5 4% CHYBI+

—F—

Application methods of vertical greening ==

ZRABHIN T2
1. Building facades or outdoor vertical surfaces 7
FUMES N E HR

2. Interior walls or indoor vertical surfaces = [N 1z

N EAE
3. Noise barriers (e.g. along the roads)[E = 7=
(PITEE S P SS)

4. Slopes #4357




_An exam Iel%vertlcal reening = 5 25 LAY — M1 1
- lu“

: CityWalk, Tsuen Wan, 2=/ 55 K3, www.citywalk.com.hk)



An example of vertlcal greenlng E@E%f bBﬁ~A1§J¥

(Source: CityWalk, Tsuen Wan, 575 2= KA, www.citywalk.com.hk)



A green wall in Central HHEFHYZRES




A green wall project in Kowloon Bay 171 v /&E— 1 ax{bhE T2
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(18 Kowloon East)



A green wall project in Wanchai {£)Z1F— b5 T2
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(The Hennessy)
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(Source: www.greening.gov.hk)




Government demonstration projects B85 H
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For a school building
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For a government building (EMSD Headquarters)

(Source: www.greening.gov.hk)




A school green wall project —fT=2 2 2 EEE T H
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(Source: www.everplant.com.hk)




An indoor green wall in a hotel TEJEHY— A Z LA L

(Source: Hotel ICON)
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Indoor green wall =




Indoor green wall = [N Zx( L5

] A VR

(CitvWalk 2. Tsuen Wan. 5=74 358 A Hb 2HA)
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Indoor green wall = [N Zx( L5
f f A= T )

e ———

(International Commerce Centre [E|[/R57 5 00)
(Photos taken by Dr Sam C M Hui)

(International Finance Centre [E|fr gl H0)
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(Source: Highway Departrheht, HK)




Greening on highway structures Zr{L /NS 2554

(Source: Highway Department, HK)




Greening on slopes &Mz FZ#1L

-4 _.:"-

GEO Publication No. 1/2011

Technical Guidelines on
Landscape Treatment for Slopes

'1**‘:".-
e S

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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Groundcover plants

and trailing plants

8 75 B8 0 A B o
891+
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Retaining Wall il
with designed pul
decorative facing ——

W
Climbers

"ox
Trees

MR YR R AR
Groundcover
plants and shrubs

Em
Planter

-);’.— =35 ‘ﬁ. :

(Source: www.centamap.com)

[ Hard surfacing

0

A~ 8] 7 M IV . e B

(40 ¥ W B, N0 B K e)
Non-biodegradable erosion
control mat and, if necessary,
wire mesh

LB L8 3 B 18 53
S 4B 12 0 0 B 1% N T

ith planter holes >55°
for climbers or
mulching

systems 45°.55° [—! CHEMMERREEY
Grass, groundcover

T4 plants and climbers

LR
|
Planter
holes for
climbers

35°-45°

0t
Climbers

erosion control mat
- MMM -

A x

Shrubs small trees

MEE A5 RS
B] 53 W05 M MO B
Biodegradable erosion
control mat for slopes
over 15°

DEY 3 -ESDEGS R 3 RS
Biodegradable or non-biodegradable

L B R P T
Grass, groundcover
plants, climbers and

=35°




Major considerations
FEFERER

High-rise buildings: very limited roof spaces

l:[ E[a/_‘/_‘ °

= = 2R -
Better to ap

buildings/structures or podium roofs 5 {3 i
T BRI S Y EC - 2 R TSk b

Podium/sky gardens ‘& » ZE R LT

/

2 [NINZE RIS EFEH IR

oly green roofs to medium- or low-rise

Structural loading %5 £ a7 %%
Determine validity and cost i & 5 X E Rk 2~

For existing buildings Y+ El B &R Y)
Light-weight greening systems %[ 4¢{E 2%




Green roof on a low-rise building 7E{&E 2SI E TSR

(Source: Hongkong EIectricCo., Ltd.)




Major considerations
FEFERER

Climatic factors =&~ 2=

Typhoons: strong wind might blow away the
vegetation and soil =X * 5EXSWUCGEME R 1158
Heavy rainfalls: hold and drain the rain water
without creating pools of stagnant standing water

KFR = AT RR ZKEEZK

High temperature: affect some plant species =5
H LSRR YV 2 ]

Strong sunlight: solar and UV radiation 55 UAY[H
ot - KIHBERI S MR ST




Trefl=31 Tatm=31Dst=27, e W
2007-10-24 15:49:57, 40 -

..rl. e J
- i

Infrared photo for assessin‘g thermal effects
R AR N e

£

| ypical hrdy plants (sedums) used for gr
I T2 bR IRy AN SR SR EY)




Major considerations
FEFERER

Costs and commitments [ A F1#& 1%

Capital cost (direct & indirect costs) A AN (E.
REA[B]BELEAN)

Recurrent malntenance costs BB TR
Life-cycle costs A= J& BZZ[X

Risk of failure costs %W&BZZIKE’]HM

Maintenance commitments 25K 15
Ownership #75 #Y




Major considerations

FTEFERE

Technical guide: ¥ K¥5rF*

1. Introduction 5[=
. Scope SG[E
. Definitions & \

. Design Considerations % i1+ = E 10

A

. Construction Methods Jjfi

2
3
4. Planning Requirements i 1] 2K
5
§
{

. Maintenance Issues Zf3[ao] &i

8. Project Management I

(* See also http://www.mech.hku.hk/bse/greenroof/)
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Development trends
3 Sk »

Sustainable technologies
Rainwater harvesting

Renewable energy (e.g. solar photovoltaic &
wind)

Composting (for producing fertilizer)
Farming and food production 7}
Agricultural green roofs  Yod S
Edible living walls o il

]
%up OOCICH
4
_:I'._.:. &




Integration of green roof, rainwater recyc

SR

EAlEvlE

7K

|

Ing and renewable energy

TRIA]

A4 BERAY SR RN
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Integration of green roof and solar energy systems z%{EJ= TR K PHEE £

(Source: www.zinco.de)



Sustainable rooftop farming m] 54522 THiFkfd

wind
energy

Rainwater
harvesting

+A

RKEE

(Source: www.skyvegetables.com)




Green roof research with integrated systems g B2 THHYZE & L FW5E
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Urban farming on green roofs  4¢{LE THES 2

Farming on the roof Vegetables and herbal plants

ol EHYETH | Ti;iﬂl 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 )




Conclusions Z5i¢

Green roofs and vertical greeni ng are
developing fast in Hong Kong =

EHZRMBEER S

New technigu

IR Y N
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il
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es are applied to urban greening

IEdls

More research Is needed to determine suitable
technologies and policy for promoting them
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THANK YOU 24 1!

(More information: www.mech.hku.hk/bse/greenroof/)




