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In response to the impact of global warming in twenty-first century, a roof cooling
technique of building energy saving, which is the green roof. As the roof membrane
structure, green roof can effectively reduce stormwater runoff, saving energy from air
condition and provide basic ecological function. Either as a means of building energy

saving or as a part of park and green space system, green roof plays a decisive role.

Green roof develops for decades in the whole world, and now the industry of
green roof in Taiwan is now began to sprout. But Taiwan is still in lack of study to
investigate how to implement green roof in a systematic way. Therefore is the

motivation of this study.

Setting of green roofs involving land use zones and building types, consider the
larger roof area and unified building type will be better condition for case study. The
study chosen the industrial zone as the objective discussed, and Southern Taiwan
Science Park(STSP) is the case study objective. Through the analysis of factory
buildings, green roof whole-life cost analysis, and case analysis of green roof policy
experiment of Berlin and Tokyo to propose the implementation strategies of green roof
in STSP. The study use qualitative method, included interview, literature analysis and

Case analysis.

Research results have three, first, indicate that industrial plant comply the
requirements of setting of green roof, but the roof space is limited. Second, current
stage of the implementation of green roofs in STSP will influenced by the impact of
extreme stormwater and has the problem in choosing plant materials. Third,

implementing green roof policies in STSP should combine the green roof technical

iv



specifications into the land use regulation, and through the minimum greening rate,

grants, tax reduction, and maintenance management examine as the main policy tool.

Case of STSP provide us a positive imagination of green roof policy, and these
technical specifications and incentives measures can be the frame of green roof design
for those government agencies, experts and scholars. The Science Park is under the
jurisdiction of the National Science Council, it’s the perfect objective to be the model
case of implementation of green roof policy of central government. Suggested future
research can move on to focus on local plant material research and environmental

benefits.

Key words: Roof Greening, Extensive Green Roof, Green Roof Policy, Plant, Plant and

Office Complex building
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(Berndtsson, 2010 ) :

(-)-~ % & ¢ 3L (stormwater management)  ( Bengtsson et al., 2005; Mentens et

al., 2006; VanWoert et al., 2005; Arrowstreet, 2009; GRO, 2011; EPA, 2009 )
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Foik & L e e MR Y R R B2 kiR 4 ek 48 ((Carter and Jackson 2007 ) -

Rain intensity

Time
Bl 6 @ET (2R) frdET (mAR) & & R%E B
L kR (Czemiel Berndtsson, 2010 )

SETEE E e REF A 4 TP 45% (Fe e d] % £ TR 0 4 F 100mm) ~75%
(B BAFET > A F 150mm) o & -kpFinic 4 05 % RIB it 5 B R i

AEER (AR~ F gz sa%g (Jeroenetal., 2006) o

(=)~ Bz @k * (Fang, 2008; Takebayashi and Moriyama, 2007; Wong et

al., 2003; Wong et al., 2007; Arrowstreet, 2009; Lawlor et al., 2006; GRO, 2011 )
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?S’v’#og-, 17k@%?ﬁj[}§ﬁ,;‘i,u/?_§];%’}} J\ﬂ%; & N E G
TH . F D RBHEHFR A B AN SRR A RIS Y o R

Hoo Fe R REEE HIT BT L > A RETE o FAE L ok ki

e R TR J A B 0 BT LR 2 LG kA R e (Ngan,
)
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~ J\@w A B EAMeR B E ’mﬁﬁ)ﬁv%a B ER m?# GEVE- P
ER BRI AR R 2 TORE KA o - R R K Kok
IR R D TR K Aenf e A F LR o ] P R IR R
A RERF AR AR DR TP RS o T kAR kAR
SFILL A B P S TR R SRR G T 358 R B R & R
# 1 (Ngan, 2004)

PRAMAE L AT L o BRA AP AU R FTRESIE R Y 0 B A
BEST R F Y PR IREE B IR EREE BRI EL RN
Bop g R E R TR REFERRE ) p AR 2 A
Poo fEEE1,000 2 > b g G fhaE e 6 fF20% 00 2 4R 2 F Y
SWBEFRREL PR S BRAE B ARFRIEESS0% pE - BE Y S

P 5,000 L A7 T r 0 pORI33F ko AR E N L 1 ARY * 8% L £ o

3R

] ﬁ’flﬁv ( Density Bonuses, Floor Area Ratio, or Building Density ) #_% - f& %
LA AR RS 0 B RABAL ¢ I E BT o UL ¥ g eiFiE AR
ﬁ@ﬁﬁﬁg?”ﬁ@i%%%ﬁﬁﬁﬁﬂo&Zkﬁ@%é,gﬁﬁﬁﬁg@
& 5 Ei&?}]ﬁﬁ%ﬁﬂ (Lawlor et al., 2006 ) - ¥ 42 p4 j&ﬁ%ﬁ?ﬁv ( Carter and Fowler,
2008) ¥ > AT RBHY URRES FAABRFF LRI 2 HE ﬁz—_ﬁ.ﬁﬁp

PERHBER -

£3): &= T é:@%ifﬁm}?ﬁ‘f&/ﬁv (FAR) 1 & > &3 s & RGpeh g B A

o] 30% R TE LG A 0 B TS R %R U EE 1T

4o vk % ETER
CEROER S FRETRE T C0NNETRG 0 F LS EROGERT
B3 22w ahgp e | % BT R EFALE 60% N E TG ff o RIFUE R 3T
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# e chpg e (Liptan, 2003)

B RS ETRE B RS 17-4-1015 o 0 9 AR EE A

4

## # 8> (floor areabonuses ) 4 i & R A AW & o 1T 5 4B H 5 A B A

FAl

BB h% A% 5 (Bonus floor arearatio) = (E7E REE i o ff (F AL =

B8 f£150%) % %endc® ) x030x A3 HF o

WA s FidEd ZHRARAIAR RG> RRAAPFLBROFR LT F o
XA A AT F LR o 1 ﬁ\j\',njﬁ'"ir‘:}"'?p PR S v (F%) 4 *+30% % 50%
Gkd 0 ZE K F A115%F%; P By - B LR Ry S AN L2 R (A
1rii2) ek o ## F£1,000% & = = "‘,%ﬁbi“ ek T chzk G fF B R £ 500
L' of%ﬁ U LAERIT I ARABEG S TR L AW Rz

REFILRE R G BB ST

BRSO F =S 6 (LR e ff) &5 & f#x100%

3. ¢ #I## (Performance Standards )

FHAPHAR S LS ETed > 2 LG ERA S L Goegd i it
Wl - W s s ERanE T SR W ucF iR > nR RORE kg o
FARFPILRLATAANHE S pARIRBAT > ERY L1 2 o871 2
# 1 4% (Ecological Compensation Measure ) » 14 % % & Je & § 2 B 6 ff 51+

( Biotope Area Factor ) =g * o

r?“ff’“#‘}i;» KRR M E] R RIS E?K@,—IQ‘LPL‘; 5 @ » B AN PR AR

e

FrB - pBEAp R diE

\ﬁ-‘v

i) j.ffi‘r‘v 2% 2+ EF Friedensreich Hundertwasser #745 it
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(Linz,2000) > ig i £ - fa41* % B8 i At O o 8 o 4 fiAd o i e o
FlEFH M T+ 340 ) (Intervention Rule) o + 5 HL R 13 45 46 B e93i 2022 5
WG N BN AR TR B BRERE o FAARRI A A A R R
FREDELER F-H o CPEARRIFIRF I FLTEFED RS
FAARBE - 2T TG 0 B Re (avoidance) ~ & i (minimization)

At 1 (compensation) fo% = (replacement) icw B3k » & A X 4 g RE%E 4

% (SenStadtUm, 2004 )
% 5 4 A A

> <» N

W7 Fok g 4 iR g
-,
N
I G

o] 1 A

7R kR © SenStadtUm (2004)

A e BETET U A RS EIRFE R o F - B
(E RN 2 R et s 0 B B R B AL A - RN JGE bl 4 4
T oo Ra R E B R BT R AR R R ETEARTE - A
A 3506 B B] 1 PR R e AR T R AR R R A O g R R

tg_lr

LA G4 R R L ok 0 19984 AL BIFLLIB IR 210 - Bok®

B i fLAFLLz=R i s (FLL Bewertung) e # 7 12 - f81 & > §les o
THET AREMBRES Savey o NAFRFEFErE SN BIEG oA f
T FLLz=% 2 b > B3 - B Karlsruherx £ 328 & 5t (Karlsruhe performance rating
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SECUPEE-RE DS Ll R S FeLE C P S E

2REA s 0 S XEE T ARG HFF  (BAF) a3 U ARIE - kRS
B33P A O RBIF LKL B LPBAFERS P AR o Bldo o ATehi
ZERS S FF EBAFE A 20.6:07P 11~ AT FEAS R P EBAFEE03

B o G f AT 0 BAFP BT i gL it S B o TP - BAZA

g,\i

A Z i P|BAFOSaEE » (AT P TP g2 5030 A1 E Y £ - AAK

i FRE R SERIESE AR RiH TARERE TR EAG P HEL R
blde o = > %3tk o (sealed surfaces) #7i8 3| e #vt £ £.0.0/m2 > @ % BT &

» £07 (MA& % »2009)-

BAF% % % ' BAF=Z ey & fi+4 ¥ B f

e

HETOE PP S NS R R o Y - T F St
Bool EARE o 3T ST AR A F] 5 T MR B G o 0 3T T A FI SRS h7
Bokdf e BE o bldctpa BUR oA 0t R o R @ kg A 6~8& C(Bornstein, 1968) -
dode BUR G IR B TR Bcen ] T 0 g BANRE IR g T okl o 3 RIR B R
¥ (US.EPA) : ETEH F2E 2 7 v 2 & e0ik3 s 2(Energy Star labeling system) »
¥ UG B TR enk B k% o I d Leadership in Energy and Environmental Design,

LEED )& #3%1 & boo3% 5 & 7 £+ F & &% % (Carter and Fowler, 2008 ) -

4. P4 (Technology Standards )

T ER FESE LTI ERE YR
2R BB ETAE T BT R B A BB Z R -

"E.%;P‘*wt llzi##‘*"{fr’?#’r Fes s opiE T 3‘;%5&-%&‘?’3? g T
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iy FEaE pF - 425 i E 78 (Lawloretal., 2006 ) -

PR apt LA AT B FIS R RN et LA AR EFRT

i

WA ST L ke AP G G RS R N B G T - faT
K RS & ffen1 & o AR R H 3§ 5 20aE A% &) (Federal Building Code )
Z2O - R i BN FRIT R LT SRR TR A # S ILEE b
R EAEF g s o 52004F i B ¢ o FBBig R w Ry 1450 B roik-

B BREAEG T 0 A pd 5 B 37‘;5?%57,%"’ﬁfiﬁﬁ‘%@”ﬂﬁf%ﬁ“ ’
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HHBETERBFEGDRT] > AR LA H S A R
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B % (Planned Unit Developments, PUDs ) > = ¢ i * % B 78 i¢ J & ¥)03d i 2 4 b
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207 BB ETEOEF A

R A > L B ks dk 2L
Ko EEY R
— ! : — —4 —_—
Extensive - ; Extensive Extonsive linenzr.-c Extensive Extensive
§ 5 [
5 5
E 4 >
— B
3 3
” { : 3 3
2 Intensive 2 — ]
1 ) 4 = Intonsve, partial glass root 2
First floor 4 Eirst floor 1
Parking garage Parking garage Parking garage

2B RO HE RS G ol e R R TR
s B o B S B P h e AR A B (361,8004 ) e IS s A5
e 1t A B (329,800) 0 3 IR H ORI i £ 32,0004 (fak H B F1 R RAE &)

GRS EREE EIE N SLEE St

® Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V. (FLL). (1998). Bewertung von
Dachbegriinungen: Empfehlungen zur Bewertung in der Bauleitplanung, bei der Baugenehmigung und
bei der Bauabnahme. Bonn, Germany.
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% 8 BAFEIFHHLER

Extensive green roof

Intensive green roof

Area of building’s roof 2,420 m*

Area of the first floor roof 800 m?

Area after reduction of non- 2178 m?

greenable areas, due to light

covers, vents, etc. (10%)

Area after reduction of non- 720 m?
greenable areas, due to light

covers (10%)

1. Combined depth of drainage layer and grow-ing medium
10 em=100 pts/m*=217,800 points

2. Maximum water-retention capacity of growing medium
=at least 48%

3. Maximum water-retention capacity of drainage layer

=at least 15%

4. Number of plant species

=10

1. Combined depth of drainage layer and growing medium
20 cm=200 pts/m?=144,000 points

2. Maximum water-retention capacity of growing medium
=at least 53%

3. Maximum water-retention capacity of drainage layer
=no value

4. Green volume

=0.50 m2/m?

Total (217,800+144,000) =361,800 points

Adapted from: FLL 1998
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Extensive green roof

Intensive green roof

Area of building’s roof 2,420 m*

Area of the first floor roof 800 m*

Area after reduction of non- 1,938 m*
greenable areas, due to light

covers, vents, etc. (20%)

Area after reduction of non- 680 m*

greenable areas, due to light
covers (15%)

1. Combined depth of drainage layer and growing medium 10 cm

=100 pts/m*’=193,800 points

2. Maximum water-retention capacity of growing medium

=at least 48%

3. Maximum water retention capacity of drainage layer

=at least 15%

4. Number of plant species

=10

1. Combined depth of drainage layer and growing medium 20 cm

=200 pts/m*=136,000 points

2. Maximum water-retention capacity of growing medium

=at least 53%

3. Maximum water retention capacity of drainage layer

=no value

4. Green volume

=0.50 m*¥m?

Total (193, 800+136,000 )=329,800 points

Adapted from: FLL 1998

i 4 TR R S A A TR T A

R B RARF 2 BAp ARG > BB
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FERA ST kR H I A & LA A KT R

Sfed A Bk k4 4 A
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K202 A g A300 A > kiE B B A Ko B RR G T
PG R BB A0 A TR R R4 s T AR i Ao A
o it ip

(AT UFEREL P EF R E NIRRT BESE TR

IR B Lk o

%010 A s antE

Extensive green roof

Intensive green roof

Area of building’s roof

2,420 m?

Area of the first floor roof

800 m?

Avrea after reduction of non-

1,938 m’

Area after reduction of non-

680 m’

greenable areas, due to light greenable areas, due to light

covers (15%) Outer (558 m2) +
Centre (122 m?)=

covers, vents, etc. (20%)

1. Combined depth of drainage layer and growing medium 1. Combined depth of drainage layer and growing medium

10 em=100 pts/m*=193,800 points Outer (30 em)=300 pts/m*+Centre (20 cm)
=200 pts/m?=191,800 points

2. Maximum water-retention capacity of growing medium 2. Maximum water-retention capacity of growing medium

=at least 48% =at least 53%

3. Maximum water retention capacity of drainage layer 3. Maximum water-retention capacity of drainage layer

=at least 15% =no value
4. No. of plant species

4. Green volume
=10

Total (193, 800+191, 800 )=385,600 points
Adapted from: FLL 1998

=0.50 m¥m?

Karlsruhete=] 22 4 it f 7

B8 A Eod 40 W eoKarlsruheds # #rig * o 79 2R g % BT ARk T

" Ngan, G., (2004) Green Roof Policies: Tools for Encouraging Sustainable Design. Available at
http://www.gnla.ca/assets/Policy%20report.pdf. &z p #f 2011 & 4 * -
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| (Intervention Rule) 2 EHE o e H A

P fEend fg AT xié# %% o Zeller (2003) #2733

£ ks g Karlsruhe i3] £ £ (well-rounded ) =8 i suo i¢ * dﬂz? o
RPN ITHGETE RS E P » 2h RIEFEETBAREERA o
# 11 Karlsruhe % E 827 =8 % %
2 (A | F% (F | B4 30%* 5 30%* kT ogE | @A
15%* #%E) 10%* a—
15%* (35
£ & &
FEE)
35 & | BAFT2E | 30%**, B ALY - F FladhbHEd 0 T B2 0 €3 KRR DN | 4507 0.14
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