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Introduction 5[=

Green Roofs: roofs bearing vegetation —FLL*
“Living vegetation installed on the roofs”

“Vegetated roof” tE 4= ]H
Green Roof System — Definition EJE (L 24

“A roof area of plantings/landscape installed
above a waterproofed substrate at any building
level that 1s separated from the ground beneath it
by a man-made structure.” — NRCA Green Roof
System Manual 2007 A REIETE - R ETE

—1a

Other green roof terms: Eco- roof, Living roof

* FLL = Research Society for Landscape Development and Landscape Design (Forschungsgesellschaft Landschaftsentwicklung
Land-schaftsbau e.V.) (www.fll.de)




Table 1. Major types of green roofs and their characteristics

Characteristics Extensive Semi-intensive Intensive

Depth of 150 mm or less Above and below ~ More than 150 mm

material 150 mm

Accessibility Often maccessible  May be partially Usually accessible
accessible

Fully saturated
weight

Plant diversity

Plant
communities

Use

Cost

Maintenance

Low (70-170
kg/m?)

Low

Moss-sedum-herbs
and grasses

Ecological
protection layer

Low

Minimal

Varies (170-290
kg/m?)

Greater

Grass-herbs and
shrubs

Designed green
roof

Varies

Varies

High (290-970
kg/m?)

Greatest

Lawn or perennials,
shrubs and trees

Park like garden

Highest

Highest




Typical structure of extensive green roof

P R THAR LR S A GE A

— Vegetation
— Growing medium

L L L L L L LA L L L L L L L L L Filtermembrane
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A /\

Drainage layer

Waterproofing
membrane

Support panel

—T hermal insulation

@A A \ Vapour control
o> @A 4 \ layer

Structural support
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Solar Campus Jiilich, Germany (11 Jul 2001)
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Putrajava Int. Conven. Centre, Malaysia (30 Jun 2006) Beitou Taipei Library, Taiwan (6 Aug 2007)

(Photos taken by Dr Sam C M Hui)
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Built-in green roofs N'&E4k{LETE

Installed 1n layers for the roof surface T e

More complex and permanent g

Time needed for on-site installation & growing WA«
H,“L {

Excess weight (180 to 450 kg/m?)
Complexity of maintenance

Modular green roofs & {E4E{EETE

Prefabricated off-site, pre-grown, with modular design

Sub-divided into standard interchangeable parts




Modular
green
roofs
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Sack system -(www. greenpaks.com)




Construction process of modular green roofs

B bER bR ARV R AR

GYIAF IaL BIORN
B {Fx=1iz

Waterproofing Roof barrier layer Drainage layer

Pk EmLEE IaLF—7

Install modules Fix modules (if needed)

By e

Bltasrazvh Brooyyv—

(Source: www.tajima-roof.jp)




Another type of “green roof” in Hong Kong?!




Building + Green Roof, but done in a wrong way.
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(Image source: http://hk.apple.nextmedia.com/)






Introduction 5[= jﬁt

Hong Kong Special Administrative Region

(HKSAR) B 45 A1
Land area I HEf=: 1,104 km?
Population A [1: 7.18 millions

Population density A [1%E: 6,504 persons/ km?

High urban density to meet population growth
B 75 SR R
1= o TR N I I

Urban heat 1sland and lack of greenery s
I T BN AR = Sk b 22 [V A RE H 2=

)
=




Introduction 5= jﬁt

Promote green roofs and vertical greening to
achieve urban susta1nab1hty HEELEE i]é%[[ e

o EAkE > B AR

[ /A
Common types of roof greenmg podium LN

gardens and sky gardens &= JE4E(EAYE HIH
A S ESSEERZERILE
New greening techniques: #4371
Extensive green roofs iH A = [HZE L
Living walls & green facades J&4= i A1%% it




A r651dent1al podlum garden {E%
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(Photos taken by Dr Sam C M Hui)
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(HSBC Building Mongkok EE% l: Ej(r



Introduction

515

Our green roof research (1Y EE4E LIS

Started 1n 2002

172002 F-F 1A

1. Assess the potential & impacts of urban greening ¥
(G T Sk B B T R 2
2. Develop practical guidelines & information £l E V]

BT ES I RER

o~ 3 Evaluate building greening policy 55 24k BIEX

NIy
A

- AER

%

N \ 4. Promote education & technology development {ig

(* See also http://ibse.hk/greenroot/)




Green roof research at a construction site office in Hong Kong

AR EIRARIFALITE (2002-2006)
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Green site office and typical site office Water sprinkler




Temperature (*C)

Green roof research at a construction site office in Hong Kong
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Thermal modelling of green roofs 4%:{b /= JEHYEEEFE

Radiation Transpiration

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

y(7, +'”,-)( h, )

Conduction: q "= (Tsl o Tsz)/ Rtotal

Evapo-transpiration: ¢q' = —2LAIl




Study of modular green roof systems (2007-2008)
B8 LR T b A

A

Plastic trays (infrared photo)




Green roof systems from Germany (left) and Japan (right)
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Guidelines for the 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
Py e ‘ 906846 40 4)
EIRGH LR AYaa T EE 5]

1. Introduction 5 [=

2. Scope #i[E]

3. Definitions EZ

4. Planning Requirements FH & E K

fnwaly—
=]

5. Design Considerations 5% 1,+ = 2510
6. Construction Methods Jifi T. 7%

R

7. Maintenance Issues & [T RH
8. Project Management T H &
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(Source: nghway Department HK)




Indoor green wall = N4 Lk
U /5 T

.
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(International Commerce Centre [B{[&& 5, H0))
(Photos taken by Dr Sam C M Hui)
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Energy balance for a green wall kS gE =

100% radiation

5-30% reflection

) 20-40% evapotranspiration

10-50% heat

(Source: Ottele, 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 #




Potential benefits JBENFE

Green roofs & vertical greening 4%{LJE JEA

EHEESs
Building integrated vegetation ZEZL4F S

— IEIE:'E%

Urban cityscape i i 5%
Green infrastructure % (o FERE =S

Possible benefits: B] §E 4T 7R
1. Environmental F23Z Y
2. Economic £& 7% HY
3. Social ff&Hy

VERE




Potential benefits E/F 475

1. Environmental benefits: ¥2IZ 1115
- Mitigate urban heat island 45 #3205

- Improve air quality (=25 58/8
- Stormwater management [ i FRIZKE
- Create natural habitat 7717

™~

- Increase biodiversity ¥ fj[1£
- Insulate and absorb sound

- Possible urban farming A

= A ST
RUEZF ks
b ROk =
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Urban heat island in Hong Kong & i 245
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(Source: SCMP and Hong Kong Observatory)




GREEN ROOF TRADITIONAL ROOF




Rainstorm flooding problems in Hong Kong (2008)
f Vi Elff7J< F':ﬁ E'E
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(Source: www.accuweather.com)



Potential benefits JBENFE

2. Economic benefits: &5 501 7

Increase roof material lifetime ¥ Jj[]

[EEAREE T 2 B R RE TR AR
- Provide open space & increase property value JELF

PRBHICZER] - ISR (EE

- Green building credit points & 1mage

SkEOESEHE S ISR

Improve roof durability $2 = B TEAVT A ME

= JHHYEan

- Reduce building cooling load and energy costs




Thermal properties of green roofs 4%{L/&= JAHYEVER MRE

Outdoor

Evapo-transpiration

g é Shadingg g )
Insulating

Thermal mass ~ property

Indoor




Potential benefits JBENFE

3. Social benefits: 1 € HIH R

- Aesthetic for city space b SHYZE ]
: - Provide community green space & gardens for
sports & leisure $2 (b ERAEHEATTER » A (FIE
@ﬁﬂﬁ‘ﬁﬁ

- Community participation gt & A FEfix 2 Bl
- Provide education opportunities L2 5 fdéwr
- Enhance local employment 158 5 R 2% Y




ki = Horticultural therapy &
Urban farming & education social functions




School educathn green roof proj ject fjﬂ[‘ HEE E LRE TR

i

RRPNE- L saasnnessa2p2 0200 00s

.....

%d

(Source: Ng Yuk Secondary School)




School education green roof project R & & JELR( L T2
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(Source: Environment and Conservation Fund)
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Green Building Assessment 4504
Such as BEAM Plus
They are becoming more and more popular and
important

In fact, greening technology has significant
implications to the assessment results

Green roofs can gain credit points in the green
building assessment or rating schemes




BEAM Plus credit points of green roof systems

BEAM Plus criteria impacts: Points
Sites Aspects (SA)

Perequiste: Minimum landscape area Required
SA 5: Ecological impact 1
SA 7: Landscaping and planters 1-3
SA 8: Microclimate around buildings (roof) 1
Materials Aspects (MA)

MA 7: Recycled materials (roof components) 1
Credit 5: Local/Regional materials 1-2
Energy Use (EU)

EU 1: Reduction of CO, emission 1-15
EU 2: Peak electricity demand reduction 1-3
Water Use (WU)

WU 1: Water efficient irrigation

WU 6: Effluent discharge to foul sewers

Secondary credit impacts: Points
Water Use (WU)

WU 4: Water recycling (rainwater) 1-2
Innovations and Additions (IA)

|IA 1. Innovative techniques 1-5




Urban Green Roofs Urban

Agriculture — Greenery
, = ZQ( .
A e T
' v !
Food System Gfe‘?" .C'ty
im o 2 o BUI|d_Irlg Env‘|£<_)nment
- SIEEpEE i ARREE= )

y

Sustainability
HIFE B

Environmental Social

BRI LEHY

Economic




Green roof examples M%
&2 JE&R LEV I+

Green roof application 1s growing fast in Hong
p

Kong in recent years EIRFICAIEA - 15
RKIEEHB EFIRRITE

1. Government projects (as demonstration)
BRI H (J07R%8) (> 250 nos.)

2. School projects (with incentives/subsidies)
SERIAE (CHEN/ARG)

3. Private projects (for “green” image)

MANEH (kB R)

LLLD




Examples of green roofs in Hong Kong & & E JE4HEAYHIT

Parklane, TST JeybiasamE A HK Wetland Park J231 7 [

=

(Photos taken by Dr Sam C M Hui)




Hong Kong Wetland Park Phases 11 & /& 23 /&2 —H

(Source: Architectural Services Department)
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(Photos taken by Dr Sam C M Hui)




New prison: green | roof AL ﬁlﬁ’] }:' TE&# b

Lowu CSD
(Source: ArchSD)




Government green roof projects 4R LR TEE H
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Sewage pumping station
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(Source: Drainage Services Department and Housing Authority)




Roof greening on covered walkway 217 A\ BETELR(E
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INVERTED BEAM

PROPRIETARY FALL ARREST STSTEM
200 x 150mm CONCRETC CURS
PRECAST CONCRETE

WMANTENANCE PATH

——D8mm TH. ND WSB-80 ROOT
BARRER OF MPROVED

A e w
(Source: Housing Department, HK) DETAL -
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HKU Centennial Campus &K
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(Photos taken by Dr Sam C M Hui)

»y

| —a

= .

5%

=




Introduce greening on existing rooftops ¥ L HHIEES | A4%(L

U

B[4

(Source: Development Bureau, HK)

Paving and vertical greening on roof arden

Source: The Hong Kong Jockey Club Headquarters




Green roof farming (Hysan Place, Causeway Bay)
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(Photos taken by Dr Sam C M Hui)
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Vertical greening examples ﬁ
£ 5 &k BHIBI

NV

L
158

Common reasons for vertical greening £

H&RbAVE 7R
Aesthetic (how it looks) ;I:*ﬂ( EHVYMER)
Cognitive (meaning) 2HI(EFE)
Experiential (use) g5 ({5 )
Planning and financial gains ($) ¥7 &R F Uz
Pollution absorption (air) T U524 ZE5R)
Ecology (habitats) 2ERE(13 2.3)
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Vertical greening examples ﬁ
E H 4k EHIBI+

Application methods of vertical greening *

LR EAVIER T2

J;__F‘
£

-~

1. Building facades or outdoor vertical surfaces 2

A ME YN EE B AR

2. Interior walls or indoor vertical surfaces = A&
BEEEVE N 322 [

U

3. Noise barriers (e.g. along the roads) [F35 5[
(BIIAOAE EES T 55 )

4. Slopes FF7




An example of vertical greening F& B 4% b —1{EF] T
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(Source: CityWalk, Tsuen Wan, Z=/& 253 K3, www.citywalk.com.hk)



: Tha hollow

trough,

where the boys
On the water,

were laid, flo

how Breal a fate the Iitty

® ark carried}
It drifted onw

41ds towards a shadgwy wood,

And gradually settled where the depth lessened
There was a tree: traces remajn, which is now called

The Rumina fig, once Romujns’ Hg tree

L A she-wolf, newly delivered, found the abandoned twipe
U] X
W[ho would have thought the cresiu Al x0T S s
Far from harming them she helpe#ith and a wolf fed those
: Whom their kin would ha¥e allowed o perish
She stayed, caressed the tender infantsiwith her tail,
And licked their bodies with her tongue
: ¢ ong of Mars: without fear
# ol ! You might know they Were son
| Th the milk not meant for
They | A

ha place: anfl the place to the
s to the place ..r_l.l the

‘Ghe gave her nar




A green wall project in Kowloon Bay 7% /1.5 & — (&4t Li% T2

PU ‘.'d.“ L Nters ; {

(18 Kowloon East)



A green wall project in Wanchai 158 {F—(E4k(bi% T2

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




Government demonstration projects B &z E H
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For a housing estate
e

For a government building (EMSD Headquarters)

(Source: www.greening.gov.hk)
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Indoor green wall = N4 Lk




Indoor green wall = N4 Lk
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Greening on highway structures %¢{ b7\ ES 45

(Source: Highway Department, HK)




Greeningon slopes #}7_F4%AE

GEO Publication No. 1/2011

Technical Guidelines on
Landscape Treatment for Slopes

é;- \ ‘ ~ . ‘
§ ‘ : bt 3
dha .
o s |
e — o 48

A

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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LR L E 3 P g
MWW EMEEE
Hard surfacing
“with planter holes
for climbers or
mulching
systems

A EELEEY
Groundcover plants
and trailing plants

o
=55 wire mesh

45°-55°

LR
8
Planter
holes for
climbers

il 75 50 A 2% Bt
Lok = |
Retaining Wall

with designed
decorative facing —— a

Grass and {
groundcover |
plants :

E B

WEIEY
Climbers

oK
Trees

th 8 4 30 2 R
Groundcover
plants and shrubs

fEm 'rlq
Planter — 4=

it Cu

(Source: Civil Engineering and Development Department)

Shrubs

(0| W B, 0 % i)
Non-biodegradable erosion
control mat and, if necessary,

¥ oEADEREBEAY
Grass, groundcover
plants and climbers

35°-45°

] 43 A% BX T~ W] 43 BE B5 18 Ak iE BR
Biodegradable or non-biodegradable
erosion control mat

BHohwmy
WEEYE NS
Grass, groundcover
plants, climbers and
small trees

<35°

A EKH15° BN
B] 47 A% [ 12 ah 36 22
Biodegradable erosion
control mat for slopes
over 15°




Major considerations

FEFRERR

Key factors for planning £ 2 H =K Z=
Structural loading 4517 & fa]
Accessibility SE 585 22
Waterproofing =[5 E7K
Drainage HE7KZE75
Maintenance #EE (&

Other design considerations EA 15 =
Selection of plants (e.g. hardy plants) 2 FEEFE Y]
Stakeholders’ involvement & support 2B 55




Major considerations
TEZRAR

Climatic factors 5@ fERZ=

Typhoons: strong wind might blow away the
vegetation and soil JigJ&| * 58JE EUCGEME R 158

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

RFR - A FEZKAHY PR ZKHEZK

High temperature: affect some plant species 55
LS HY YRR s 2

Strong sunlight: solar and UV radiation 58715
It - KImREMI R Y MR RS




Major considerations
CEEZERAR

Ill,

High-rise buildings: very limited roof spaces
SfgER - BRIHNVZEREIER AR

Better to apply green roofs to medium- or low-rise
buildings/structures or podium roofs 5 %72 F-
R R BRI EEE Y/ EE Y B & R THAR T

Podium/sky gardens ‘255 » ZEHRILE

Uk

l

"

Structural loading 455 {ay &

Determine validity and cost T €5 MR

For existing buildings ¥} R G EZ2Y)
Light-weight greening systems #&'E 450 2458




Green roof on a low-rise building 7E{kJ&g ZZE0Y = JHAR b

o




Trefl=31 Tatm=31Dst=27,
2007-10-24 15:49:57| 40 - +120 e=0.90 °C .

Infrared photo for assessig thermal effects |
o U FE VAL S M A

I = e - N0

. 14 St Mgl N Y
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| Typcal hardy plants (sedums) used for green roofs
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Major considerations
TEZRAR

A4

Costs and commitments % Z~F07EGE

Capital cost (direct & indirect costs) EAA(E
PR RCAR)

Recurrent maintenance costs 88 & 4E(E 1 aE s
Life-cycle costs 4= fi #FHHARY A

Risk of failure costs &< F iy Ja fas i 2

Maintenance commitments 4 ZE G
Ownership ¥ FE




Development trends

SRS 1

\

Sustainable technologies O] 35548 38 R 3% 10
Rainwater harvesting FRj 7K U EE

Renewable energy (e.g. solar photovoltaic &
wind) 0] B34 EEIH (ﬁ[ljtlga Re GO JE BE
Composting (for producing fertilizer) HERE(F Y
A HEH"F )

Farming & food production A& mA

I~

Agricultural green roofs FEZE = [HAH L
Edible living walls T] & FH Y75 4 1%

ﬁ%
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Integration of green roof, rainwater recycling and renewable energy

EIRGKE > PRZKIEWOM AT A AR e TR HI SRR

OO0




Integration of green roof and solar energy systems

sk thz= JHAL P HE S 2

(Source: www.zinco.de)




Integration of green roof and solar energy systems

S MV NSOk ey

(Photos taken by Dr Sam C M Hui)




Sustainable rooftop farming 7|45 = [E#fE

Wind \&
energy /f.f“-‘-*-

|||||||||||

""" ainwater
harvesting
KES

(Source: www.skyvegetables.com)
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Urban farming on green roofs  &k{LJE= JHAT T EAH

Farming on the roof Vegetables and herbal plants

R EAVETH | pr A ZIKTE%

Water melon g [\ Green beans & &
(Photos taken by Dr Sam C M Hui; Acknowledgement: St. Bonaventure Catholic Primary School )




Edible vertical garden =] & FH#E E (L[E

(Source: www.lifeisagarden.com.au)




Soil-less green roof farming (purple potato) it 1 = [H4E CIEIE S




Conclusions

N
N
Z_.._:.A 4 itg
w1 4

Green roofs and vertical greening are

developing fast in Hong Kong EEZE{EHIE
HEAERAL

1R

=20

R e

New techniques are applied to urban greening

BT FE

JEI3T

T4k

More efforts are needed to determine suitable

technologies and pol

A5

efss
N7

DU #Es T

SHXHZ5TT

4%

icy for promoting them

LUt TE & B HS AT ATEL
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THANK YOU 5 1!

(More information: http://ibse.hk/greenroof/)




