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Eco-efficiency evaluation and application of green roof to urban

regeneration for mitigating climate change

Su Ryun Lee

Department of Ecological engineering, Graduate school,
Pukyoung National University

Abstract

This study focused on the energy consumed by buildings that are the
main source and cause of GreenHouse Gas(GHG) to mitigate Climate
change. And chose Green roof as a method to reduce energy use. Because
Green roof is classified as an eco-friendly construction method due to the
effects of air purification, mental stability of plants and removal of fine
dust. But, it requires the injection of many materials, making it a concern
about potential environmental pollution, and has disadvantages that cannot
be revitalized well with high investment costs. Relatively inexpensive low
material cool roof are activated, but cool loops are also made of artificial
materials and need to be repainted with a short life cycle, which is a
potential environmental concern.

We want to find out what the more sustainable construction method is
through environmental, economic and Eco-efficiency assessments of Green
roof and Cool roof, which have different strengths and weaknesses.

The research period was set at 40 years, while Extensive Cool roof and
water—-based Cool roof were adopted and conducted. The results are as
follows;

First, the extensive green roof is more environmentally friendly in the

long run. Although Green roof consumes more material than cool roof,

- vii -



most of the materials that make up Green roof can be reused and
recycled, and the plants in Green roof absorb COs through photosynthesis.
This is because even the energy saving effect of heating and cooling
offsets both the use case and GreenHouse Gas produced in 32 years.

On the other hand, Cool roof is stacked in layers on a regular basis and
consists of only artificial materials, a lot of contaminants occur when
disposed of them.

Second, the cool roof is more economical than the green roof.

Since the total cost of producing and using Green roof is 1.7 times the
total cost of Cool roof, it is more economical to do so.

Third, Green Roof is more sustainable than Cool Roof.

As a result of environmental assessment and economic assessment,
Green Roof is more environmentally friendly but less economical than Cool
Roof. However, after calculating the secondary effects of Green roof as
economic values, Green roof showed higher ecological efficiency than the
Cool roof.

Finally, the project sites for urban regeneration were selected to calculate
the amount of GreenHouse Gas that are reduced after introduction of
Green roof, and the economic costs were calculated. The urban
regeneration project was able to install Green roof of all buildings located
in the target area and confirm that 191,274 trees aged 30 removed the
amount of GreenHouse Gas they absorb for a year.

In short, Green Roof is superior to Cool Roof in terms of environmental,
economic value and sustainability. In addition, it is believed that the
long-term and public-friendly urban regeneration projects and the
integration of Green roof will alleviate urban environmental problems and

climate change.
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1. = A 2} A (Urban Regeneration)

g8 A17%; Table 2).
Table 2. Urban decline indicator

Population decline Reduced number of Worsening living envir
businesses -onment

e Decreased by more ¢ Decreased by more ¢ More than 50% of

than 20% from the than 5% from the old buildings over

most in 30 years peak of the last 20 years
e Three consecutive decade

years of decline in ¢ Three consecutive

last five years years of decline in

last five years

xSource - Urban Regeneration information system
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Table 3. Characteristics by type of Urban regeneration New Deal
Projects
Residential regeneration
Type .
: General : Economic
Assortmen Restoration Residential | neighborhoo Cen"i‘ral eCIty foundation
m QU support d Type » Type
Neighborhoo PD
d Type
Economic
Legal Type 4 Neighborhood regeneration Type foundation
Type
Existing Gt Economic
business (New) General neighborhood Type el Ta ec y foundation
Type D Type
Business (Law)Special act
: on balanced : .
promotion&Su natictal (Law)The Urban Regeneration and Assistance Act
pport basis development
Planning of L
Urban Esg?if; if Need to establish
regeneration v
Business Quasi-residenti Corﬁlgﬁz{ce, Industry, local
scale Small residence Residence al area Commerce economy
(Recommende (Under 5TTm?) (510TTm? (10-15TTm?) (A d (Around
d area) oL im roung 50TTm?)
20TTm?")
Commercial,
Target area Small low rise Low rise Alley business start-up, Backcountry,
g residential area residential area & residence history, ports, etc.
tourism, etc
- Grant - 10bilion 10bilion 15bilion 25bilion
limit/Support 5bilion won/3yr /4 /4 /5 /6
period won/4yr won/4yr won/5yr won/6yr
Convenient
Convenient facilities such . . . Medium and
Introduction of | facilities such as as alley vaiglfglrlshc Mec%?é?fa[r)sbhc Large Public
Infrastructure parking lot, maintenance, facilities Facilities Welfare
shared facilities parking lot, Facilities
shared facilities
* Source : Urban Regeneration Information System
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‘ Field pre-check \

4
\ Building Structure Safety Diagnosis \
4
> ‘ Determine the type of Green roof system ‘
4
Owner
consul Major Subsystem and Green roof System Design
—tation
4
Q Planting Plan and Planting Method |
4
‘ Construction ‘

* Source - Seoul<Green Roof System Standard Detailing Manual(2011)>
Fig. 1. Green roof design process of an existing building

Table 4. Types of Green roof

Sort Extensive Combination Intensive
Thickness of
growing -20cm 10-30cm 20cm-—
medium
Grasgpayf loang, Climbers, cactus, Lawn, Shrubs,
Plant types ground covers,
succulents, shrubs small trees
seasonal flowers
Support ‘D.L 120kgf/m” D.L 200kgf/m” D.L 300kgf/m”
weight “L.L 100kgf/m” L.L 200kgf/m® L.L 200kgf/m®
Irrigation No Periodically Regularly
Slope Flat, Inclined Flat Flat
Costs Low Middle High

* DL (Dead load) : The final constructed weight of all built elements and all
components associated with the roof or wall assembly,
including plants, growing substrate and any water held in the
system.

#k L (Live load) : The weight of people who will use the space, and of any

mobile equipment that will be used periodically on the site, for
example, maintenance.



Architecture
protection

Restoration

Atmospheric
purification

g
Psychological
effects

Citizen
Environment
Education

Micro dust
~reduction

Fig. 2. Effects of Green roof

Table 5. Effects of Green roof (Detail)

reduction

Noise

Land prices
rise

al

Assortment Cotents Source
e Mitigates the heat island effect by creating a
passageway that introduces cold wind from
outside the city into the city
Reduced Plants Planted in Rooftop Transpiration to Air Land and
urban Cool Housing
heat island « For every 10% increase in green area, average Institute
temperature decreases by 0.9°C (2010)

2.7°C temperature reduction compared to general
rooftop surface

_10_



If the roof covered area is 3.78% of the total

Dong

area, it has an average 25.09% runoff reduction Sogt Sallnn
Rainfall efficiency (2013)
Outflow : -
Reduction Flood control by storing 10~909% of rainwater
Urban according to precipitation or roofing depth
Flood If the soil of Green roof is installed at 10cm,
*Pre;flentlo precipitation of 20mm/m? can be saved. Land and
When building 140m® with Green roof depth of Housing
10cm, 87% of rainwater runoff is reduced and Institute
runoff time is delayed by 2 hours (2010)
Reduce air pollution by supplying oxygen through
Atmospher plants
puri%iccatio Other air pollutants are also absorbed while D%ayilo
n absorbing carbon dioxide through photosynthesis ot al
of plants. (2013)
Green roofs have a similar ability to absorb
particulate matter like street trees .
2 . 4 Farina
Micro 19m® of Extensive Green roof in urban areas Sempel
dust reduces PM10 in Chicago by 149 |
~reduction Depending on the air purification function of (3%133)
trees, it absorbs about 20g of particulate matter
per m® per growing season
Urban Green roof can play a role as a stepping stone Jong
Ecosystem bridge in the green network, and location Hun
Restoratio selection of Green roof should be considered Park
&Prorrlno tin according to the movement characteristics of et al
g aerial species such as birds and insects. (2010)
BIOdl;IerSIt Indigenous plants and naturalized plants flow K“I]{l. Gon
from the outside of the Green roof (201821)
Landscape Provide green space in the dark city space by Land and
7122;?‘76 improving and shielding the building exterior Housing
spacé Con.tributir.lg to pleasant and beautiful city design Institute
utilization by improving landscape (2010)
Anti-aging function of building exterior by acid
. rain and ultraviolet ra
AI'C]’;letectu The effect of protectiig the building by reducing ]g;lss;nd
protection the influence of temperature on the structure Instituti
Protects the waterproof layer by reducing radiant
heat by about 25°C during Green roof (2010)

_11_



Green roof reduces the thermal conductivity of
buildings and insulates exterior walls

Reduce building energy use by lowering room
temperature in summer and increasing
temperature in winter

Green roof building has less heating energy than
concrete house

Temperature rise of 3°C in winter during Green
roof consisting of ‘Grass+Plant block+Styrofoam’
When the Green roof is applied, the average

Bug;irmg external surface temperature decreases by 5~6°C,
- and the room temperature decreases by 2~3°C.
conditionin The same effect as using 2,700 air conditioners
Enfrgy when creating a Green roof area of 91,106m”
saving If the rooftop of Tokyo-23Gu is formed with a
Green roof, the temperature in the building
decreases by 08°C in the summer, and the
cooling cost 1s reduced by about 1.1 bhillion
won/day
Reduction of building cooling and heating energy
by about 16.6% per year
The model of the plant with the ground cover Chun
: y Woo Lee
has an internal temperature of 1.6°C lower than ot al
that of the model without the plant. (2009)
Noise reduction of 46dB by absorbing and RDA
crushing sound wavelength when soil layer of (2010)
Noise Green roof is 20cm
reduction The 12cm thick soil layer reduces noise by 40~ Deli/[(;rlau
o0dB. (2017)
.. Sang
Land As urbanization becomes more advanced, the Young
pgces §carce . value ott green spaces increases, thus Shin ot
se increasing the willingness to pay(WTP) them. al (2006)
Stable and relaxed effect is shown by visual
stimulus of forest background color than urban 0
Psychologi background 5060317{
cal Green plants provide comfort, and immersion
effects compared to colored flowers, and have a positive é?)?%)

effect on mental physiology by improving
creativity and concentration of external attention.
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e Contact with plants reduces and prevents stress
and increases cognitive  function  through
interaction with nature

e Natural environment and plant landscape are very
effective in improving the quality of life due to
the stability of green.

Citizen * Restoration of the ecosystem provides a place for
Environme environmental education utilizing the ecosystem RDA
ntal * Use of gardening activity training centers such as  (2010)
Education

rooftop flowers, herbs and vegetable gardening

o $3=3< LCA

SAmse AR, LES4, ¥9EY, 44 A, 59 A7 F Y-

S oluA 27 9 5o B9 FAAY BnE dekad. aeu
Sgmsl 29 AR B fA-BERE BANA TFel AAE T
of Saksl A2 AFHA B AP B BHoAL o oY &
grhe Sk WA delste]l 4% sy £¥R] B F
o AEHE B4 U4 @ B3V AFHoE ANGE AT 4
FH93, LCAE $3) A9} mEsch e} S4sste 9 7
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Table 6. Example of LCA for Green roof

. Progra System Life .
Literature Type FU Condusion
m boundary span
CO; emitted during the
production-maintenance
Takanori Material process of the modular
o Concrete .
Kuronum . Modul | maintain(I green roof is offset by
MiLCA . . rooftop 45yr
a et al e rrigation, area 1m” 5.8~159yr due to the
(2018) Fertilizer) reduction of heating and
cooling energy and
photosynthesis of plants.
. . . Exten NO,, SO,, 03, PMI10 from
F.Bianchi | Sima . Green
. sive Manufact 40~ LDPE and polypropylene
niet al Pro roof area
Intens | ure-Use 55yr can be offset after
(2012) 7.1 . lha
ive 13~32yr
Rootproof LDPE is
Greener Than PVC
Manufact Drainage layer is
Chenani ure-Move recommended to use
Sanaz Sima ment-Use | Green recycled products
Exten . ) .
Bozorg Pro7.3 & -Disposal( | roof area 40yr Filter layer is
et al 2 P incinerati | 1m?, 40yr recommended for light
(2015) on/Recycl polypropylene
e) Rock Wool and Plastic
drainage layers not
recommended
Recommended use of well
water rather than tap
Dominiq Manufact water
Exten
u e Open sive ure-Move | Green lyr Recommend the wuse of
Morau et P -Use roof area 5yr local products rather than
LCA Intens 2 3
al " (Water, | Im 10yr imports
(2017) tve substrate) Recommended natural
fertilizer made from
poultry manure
[t is more environmentally
Shin. Manufact frlendly. to malntaln. with
. Rooftop TBM (Time-based Mainten
Sang-Mi Intens | ure-Use- .
Total . . area 40yr ance) method according
n tve Disposal 400m? to the life cycle of compo
(2008) (material) ¥ b

nents instead of conventio
nal maintenance.
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3. A3 A H7F(Life Cycle Assessment, LCA)

7b A3 Boke WA

An kel A AT 19699 1)F TN S8 §7) Aol
ARHE AdS Haster] A A7E A A E AEEJATHA Bjern,
et al, 2018). L ¥ oy A Hr} 247}~ Hbe] o]o] FgHolr} FH

A, 1980t A AAHow BHEAN hFH wet v=I} Bige

st opl A Azg Wb wEEd ge FWA AP o=tk

M
)

3(TC 2077} =24 5o aksk #5222 3] (SCHN A 2737 4 (ISO 14000
o #% Vg % Frhtdez, 344 HUF )15 2 A4 A Zag 7

=49 a5 el FAsA. ol HAHS Tl AR H= &

A =AA G 8 VIHeE Az A THISO 14040, 2006).

. A% Gk A

A AJriek A5 AMH, &5, Ax, AFE, #A7I7HA dlde] Aol 7]
(Cradle to Grave) &<t B, t7], A, S &S v A= A4 &
AEetE AHslete] FFAH R HutskeE 7IWolth(o] &, 1998). S &

A Avs wgow B4 AeE Ao ARy Wre ZAolg

(e}

et
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EREEE I DT

A FH7= ISO 140408 £ Z+3td AxE 7Hx o ow, 1
I Fig. 39 2ok 54 9 HE Ao FAEY EE EFZFEA O
of dFsleE #ow i3 W EAI dAS A AR

s

3 &S 314 3THT.E.Graedel, 2004). T3+ o] 2|3 7}
7zt dAE 2 g oAk HHES FE =2 AFEEY 2yE dE T

(o] &, 2004).

Goal & Scope
Definition

!

Inventory

Analysis
1 Life cycle

Interpretation
Impact

Assessment
* C(lassification
* Characterization
e [Normalization]
e [Weighting]

xSource - SolidWorks Corporation
Fig. 3. Life Cycle Assessment framework
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(1) 54 2 HY A9 (Goal & Scope Definition)

o

AT AA e e

el

—
fite)

o)
il

"o

oF

9] (Function Unit, F.U), A 2€ Z A, to]¥

=
[€)

B}7e]

s

53] 4

(2) A}A E=F24 (Inventory Analysis)

—

i+
o

il
ze)
eyl
)
ﬁo
5

o

H41e] SA= Fe et

9]

Zh

of i
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Definition of goal and scope

l

‘ Preparing for data collection |

— Revised data collection sheet J Data collection sheet

‘ Data collection ‘
| Collected data !
‘ Relating data to unit processes ‘ “«— ‘ Allocation ‘
| Validated data per unit process
Additional ‘ Relating data to functi_onal unit ‘ _
| Validated data per functional unit
brocesses Data aggregation _ \
| Calculated inventory

data of unit ‘

required
‘ Refining the system boundaries ‘

| Completed inventory

xSource - Lee, 2004
Fig. 4. Operational procedure for LCI analysis

(3) A AFHA7F (Life cycle impact assessment)

o
Jm
o,
1
O
=
2
Q)
(@]
+
]
i
N
Q)
o
o
2
A
o,
o
of

a A, e AR FAske T W7 Gt ERste 54
sk ISO 14000sell <718t A2 o w2 Fafaforste dAlolv, i <
To Ao we} Af3t(Normalization)9 7F%%] o] (Weighting) %7
= AdgHeor A& rtsaitt. Aarste FHIEFE AGH A AR
ol tigh 7y dytstele A AHolw, TtEA Fol= AT

FA T8 E val Grpste] A4zhe] ZteAlE Fojshs @A ot

S
Lo
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(4) A4 &4 (Life cycle interpretation)

A4 e Fig 59 2ol AdAd AA QAAHm, BERAY A

Life Cycle Assessment

Interpretation
|

4 \
9{ Goal & Scope Definition ’— 3

Evaluation through

the following
Identify || inspection

5 | major - Integrity test
*>( Inventory Analysis | issues - Sensitivity test
» Consisteney test
= Otherinspection

Direct application

* Product
Development and
Improvement

« Strategic
planning

+ Marketing

« Other

T

9{ Impact Assessment }7 ‘ Conclusion and Critical point

*Source : Korean Agency for Technology and Standards

Fig. 5. System of Life Cycle Assessment
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4. Ao 57]8] & (Life Cycle Cost, LCC)

b ARFEA & B v

(o

1930 o] & w]=re] =HFA (Department of Defense)®] « A %%
S 93 v HrE Fao g ARSE VEWH (Value Engineering) ¥ 714 &
A (Value Analysis)& AA 1960Wd o]l Ao 5=71n]&o] AT Aol
7182 1960t wl=reo) AHolA m, B, Zge] AA B dA Yo
o oo d8dom, ulae oYX (Department of Energy)ol A& W
T ARE 3 AAF7HE FAY B3t /715 mraEs o 7 8,
2012). =Wl A= 1980t X, ml 2ol TA=E w85 A AFlolA AA
Hom FAet= Ao #alS Zb7] AlFeke] 19819 1249 <AAIEA 3} H]

&>olgh= 3 AB7HA E#eA=Hl, of Aol Il AojFrInlE H ke

3. AdFIEE BAHY A

Aol F7InlE B ANk oz diide] ARk ARE, H7]e] 7 el
A 2a¥E g S B AALS Wrteta, diA e &9E A
Aate BAWe d2en 2y A7 Sxel vt AojFrivge #A

ol Wztd & St oS 5o A AFTIn| &2 AE AAFEH A

A



ZAH o=

3|

R

o2 Fig. 63 o] &4 Hx ¥

Describe goal and scope \

l

Configuration item
investigation

l

System Modeling \

l

Data Collection |

!

Cost Profile Development |

l

Calculate life cycle cost \

l

Present LCC results |

l

Accumulation of materials &
Feedback

Fig. 6. LCC Analysis Process
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BA gaS "astste A o® 7% w9 (Function Unit, FU)¢ ¢

A Exel W AAC we LCCE TASE F5S 2Aee @
o, BE A& #HAF LCCY FA4FH2 7]EH| (Planning Cost), A7l
H| (Design Cost), A4 H](Construction Cost), =9 %2 A4} 4414 (Operati
-on&Minor Maintenance Cost), &7] 48] (Long-Term Maintenance Co

-sts), ¥ 7] #&H](Remaining Value&Removal Costs)7} A8 ghc},

WA e PASE RESC 271584184 A 18 A
7] =
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(B) AA v& T

o

o

~
;00

H]-&- 744

o] At

s

=0

H

A F 7HA Y

EY2 oA dgste B

=
=

LCCEA Aus} 718 A4 24 23

Alel ot

o,

(7) =

AlaLsto] =4

1=

=

an, d gt AAe)

Z

LCC =334 ¢ ZA4d<

A o) .
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5. A ¥ & & A (Eco-efficiency)

7}, A E &Y WA

Arstel AAA S Foetd ARSlolA BIEE PP ew A&Tte
g Jido] 2 EY] A ST oY gk Wi &l 1992d E=3E
Stephan Schmidheiny®] <Changing Course: A Global Business Perspecti
-ve on Development and the Environment>cl4 ‘AEj&&A4'c] xS A}
|E AT = 2 & B g g-uRpdlo]FelA MHA A 873
ANAME MAA &7 2779 E 2] 8 (World Business Council for Sustaina
-ble Development, WBCSD)oll ¢]&} M2 vH|=U2~ 7fdor Aeas
ol FAA R AEHA oF Ji7|2 AHEsde] s =AY

(¢], 2013).

g AMEedel del

WBCSD: AHE&AS AT #2483 WM 84937 A4 288
ZolWAE ke §79) o) FES WEANoRM GHHE Auea

319932, OECD(Organization for Economic Cooperation and Development)
Ak BRE FHA] A8 AHEHE BAAUY BEE PISHY
oh(By, 2015). A3k, &40 Adol &y FFed=d wE A7

agar AR A HAE A add sid el

s

_24_



o AHESENY AR

A aed A= WBCSDOl met ofgfol 22 Aoz yed 5 3l

o, ARl AFE 5L AH| 2] AT A3 7

ghol T7kstel A &7bsAe] wmoha & 4 gl Ak dP st v

Bl 3eA-715A e 7E 7HA7E o

Bl AF2ds, s, zAdagd Fo] Atk oy sEuEHES @
3]

=
2 Abgo] bsEtAT, Bid FERE A go] sHssith

EE : Eco-efficiency
r:rHA =AY r=12,......
x : input variable (e.g. environmental influence)

y . output variable (e.g. product or service value)

WBCSDelM = AHEedE =ol7] 918 77HA 245 AA8AtH(Table 7).

Table 7. Elements for Eco-efficiency in the business sector

Contents

Reducing material requirements for goods and services

Reducing energy intensity of goods and services

Reducing toxic dispersion

Enhancing material recyclability

Maximizing the sustainable use of renewable resources

Extending product durability

N OO bk Wi+~

Increasing the service intensity of goods and services
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o =2 A stEy e A dEEa 94

E things match
- things match

(Eup, Myeon, Dong) (Census Output Area)

*Source : Busan Metropolitan City(2015)
Fig. 7. Two or more legal standards (2013year)

YFE dd T M7 F7 e AR ARl FAEHAAY FX T o
7] Wil FF+E AP on, A=AdAFTE Agste dAHs4E
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Arc GIS 10.5.1% Photoshop CS65 € -&3to] Fig. 8= eIt

Rl B

K
o
ol

_27_



E pak

[ Haight Limited District
[ Dascheang-dong 4-ga
I Sy Site
. A& A7
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Fig. 9. Cross section of Extensive Green roof system
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Manufacture Installation Use (40yr) Disposal

_ Process _ _ Process ___ _ Process __ — Process —
Sedum Sedum
- 1> Peatmoss = [-----2 Peatmoss  |----- > Peatmoss &y ;
1> Artificial Soil |3  Artificial Soil -~ > Artificial Soil |- Reuse
T ....3]  Supplement ~F
|__Artificial Soil |
i Drainage/ | . Drainage/ | . N Drainage/ /
Ventilation Tube Ventilation Tube Ventilation Tube
- Drain Board 120 [-----2 Drain Board T20 ----- > Drain Board T20
Root Barrier/ Root Barrier/ Root Barrier/ !
R 3 Waterproof  [-----3 Waterproof — [----- 2| Waterproof % ‘\_ . -
e PVC sheet PVC sheet PVC sheet e ? Incmcration ==
Ll = Non woven  |[-----3 Non woven  |----- > Non woven “
o 7
ul Drain Check Box [--—--2 Drain Check Box [ ---- > Drain Check Box ;‘j
r A A
¢ |-= Metal Sheet  |-----2 Metal Sheet  ---- > Metal Sheet N 1
e \_ m
o Fastener  |[-—-—--2 Fastener B Fastener .Y o
e Recycle s
FHE Pm -2 Pin - Pin , p
4 h
= DrainCap  |----- = Drain Cap Femmm 3 Drain Cap e
r
| ||/ Heatwelding™ 7 _____. HeatWelding | [ _gf A0, NS— w
Electricity Electricity
e Crane Fuel
NN Grass Cutter
\ectrici
l:l Material DEnergyfFuel ——=Elementary flow ---> Intermediate flow — —> Product flow — System boundary
Fig. 10. System boundary of Green roof
Manufacture Installation Use (40yr) Disposal
r Process 9 — Process — e Process -1 —— Process ——
i .
Reso- Paint Paint
urces
: Atmo-
Landfill T sphere
Material ---> Intermediate flow — - Product flow — System boundary

Fig. 11. System boundary of Cool roof
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Ciyj = Loadj X eqvij

. X E gkl A7), g-eq/fu.
Load; : 5535 j9 u
fu. © functional unit, 715 %9

eqvij - [Ete FGEFHTA &3 ES53E jo] SR gh(equivalency factor),
g-eq./g
Tk HEE5gEE50] £33 54 JPHT io v g9 AV|e U
H3 el hebd % 9ok

ZFE, T A Axde SAA Hurk 23HH, COE & st A=
o] @] HIL AAZ I EH7] W FHABFFHE ] HFE AF&d
glof] WXz GTES HAASAL. A F2FSe] e JFow 54§57

o EFEAS E¥%3 e dEZEQA CO, NO, 1lAHA(Suspended

>

particulate matter, 10umo|3s}), 33} 1 (Photochemical oxidants)<]
G F wlE FEAS [(wg/m)/(kg/yn]E T8 F 134902 29 3
7 715 %k(The environmental standard value in Japan)© & Yil, 23 =2

BEEAR ro] EFEEQ U N8 EEGE PHOR 543G
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oA AAE F 7FA 3H G EFH == LIME2(Life-cycle Impact asses
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Zddo] MY EJTHAIST and JEMAIL 2012; JLCA, 2012; JEMAI 2011).
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Material cost
Initial T i
. Equipment rental
mvestment
] fee
cost
) Labor cost
Life
1 .
gyc ¢ Electricity
ost
|| Maintenance charge of
and weeding
Administration
Supplement cost
fee
of substrate

Fig. 12. Classification of component of LCC
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Fig. 13. Trends in Inflation (2014~2019year)

_42_



4. B2 &4 B}t

hoAaF BH % WY A

(1) %2 49

e Eede WAt BHIT AAE 94 Adsts LCA B 4
AAH A Qe WG Bomm Sy FFE

Gy oA deplgnt Sxse) Funyg dAdTR e 7|

(K

ul(f

_43_



,_lryl

T
i
mr
Hr

O

,_llyl

e

il
—_—
fite)

I E
—=

AL A Table 99} =

-
3

)

w

d] o] Ef #| o]

Table 105 IDEAS]

s

1A

9]

™

m

1397] €]
Table 117} Table 122 =& A9

=
o

T3/ =

bl ot

S

o
=

3lal 7]

2}2}

S
T

- 44 -



Table 9. List and quantity

of components used in the Green roof.

Component Material MiLCA DB Amount Unit
Installation
Protect layer Polyester Eslotdﬁggolr)londed fabrics 78.75 kg
Root . barrier&Water Plastic, film, PVC, for
proofing sheets PVC agriculture 398.66 kg

. Acrylonitrile Butadiene
Drain board ABS Styr%ene polymer 315.00 kg
Filter/Separation Felt and bonded fabrics
fabric /Sep Polyester production 65.63 kg
Drainage pipe Pumice gruaavréieéﬂngt?rolﬁhgand, 279.59 kg
Floor access door Stainless Shaped stainless steels 8.00 kg
g : ; Bottom ash
Artificial light weight ] e
aggregate %aoglgpg?tél Artificial aggregate 25,200.00 kg
Peatmoss Peatmoss = 7.88 m?®
Electricit . Electricity, from power
for hot-ait welding) ~ Electricity generatiogl, grid glectricity 1.25  kWh
$Fuel (for crane) Fuel Eleeallt IR from heavy 240.00 L
Use and maintenance
Artificial light weight Bottom ash, T
fggregate Cocopeat, Artificial aggregate 4.00 kg/yr
?or supplement) Bark, et al
Electricit o ¥ Electricity, from power

for weedkﬁling) Electricity Y b 0.80 kWh/yr

generation, grid electricity

x % | Electricity and Fuel Energy

Table 10. List and quantity of components used in the Cool roof.

Component Material MiLCA DB Amount Unit
Installation
Paint llmestone Coat paint, white, for car 47 95 kg
mixture use, organic solvent
Use and maintenance
. limestone Coat paint, white, for car
Paint mixture use, organic solvent 330.75 kg
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Table 11. Result of Life-Cycle Inventory analysis of Green roof.

Green roof

Elementary flow

air

antimony

barium

bauxite

bismuth

boron

brine

calcium carbonate
carbon

chromium

clay

cobalt

copper

diatomite

dolomite

feldspar

fluorspar

freshwater, low scarcity
fold

ground water, low scarcity

Elementary flow

2,3,7,8-tetrachlorodibenzo-p-dio-xin
acid (as H+)

ammonia

ammonium

arsenic

biological oxygen demand
boron

C6 alkylbenzene
cadmium

carbon dioxide (biogenic)
carbon dioxide (fossil)
carbon monoxide
chemical oxygen demand
chlorine

chromium

cobalt

copper
CxHy’hydrocarbons;CxHy
earth & sand (landfill)
hydrogen chloride

ﬁaa%hn }ﬁygrogen fluoride
lithium ydrogen sulfide
manganese lead i ;
marble low-level radioactive waste
molybdenum manganese
natural latex mercury
m}iCkelh metal wastes (landfill)
phosphorus methane
platinum ) metane (fossil)
primary energy from geothermics nickel
Input | primary energy from hydro power Output | pickel compounds
primary energy from solar energy nitrous oxide
flow | quartz sand flow nitrogen dioxide
ig? ‘é"gtt;re nitrogen, total (excluding N2)
sili(g’a Sona non-methane volatile organic
silver -compounds
sodium chloride particles (> PM10)
sulfur particles (PM10)
talc PFC-14
titanium phnol
tungsten phosphorus, total
vanadium slag (landfill)
zinc sludge (landfill)
uranium U308 If ioxid:
coking coal 29MJ/kg Sulitr hertluoride
crude 44.7M]/kg sulfur oxides
general charcoal 25.7M]/kg sulphuric acid
natural gas 54.6MJ/kg suspended solids
natural gas liquid 46.5M)/ke o o
ack liquor :
blast furnace gas (BFG) vanadium .
cinder, recycable volatile organic compound
coke oven gas (COG) water vapour
heat energy zince .
Linz-Donawitz gas animal and plant remains recycable
miscellaneous ore bittern
off gas blast furnace gas (BFG)
pig iron scrap coke oven gas (COG)
steel scrap. rubble and debris, recycable
sulfur dioxide, recycable sludge, recycable
used paper. slug, recycable
waste alkali, recycable steel and iron scrap
waste textiles, recycable waste alkali, recycable
waste wood, recycable waste glass and ceramic recycable
waste textiles, recycable
Total 67 Total 83
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Table 12. Result of Life-Cycle Inventory analysis of Cool roof.

Cool roof
Elementary flow Elementary flow
air 2,3,7,8-tetrachlorodibenzo-p-dio-xin
antimony id H+
barium Zfriméarllsia )
bauxit
b?sﬁtfh ammonium
boron arsenic
brine biological oxygen demand
calcium carbonate boron
carbon
chromium C6 alkylbenzene
clay cadmium
cobalt carbon dioxide (biogenic)
gppper‘ carbon dioxide (fossil)
latomite R
dolomite carbon monoxide
feldspar chemical oxygen demand
fluorspar ) chlorine
ggclecslhwater, low scarcity chromium
ground water, low scarcity cobalt
iron copper
kaolin CxHy;hydrocarbons;CxHy
lead earth & sand (landfill)
lithium hyd hlorid
manganese yorogen Chorge
marble hydrogen fluoride
molybdenum hydrogen sulfide
natural latex lead
mickel b : )
phosphorus low-level radioactive waste
platinum manganese
primary energy from geothermics mercury
primary energy from hydro power metal wastes (landfill)
Input | primary energy from solar energy Output . e
flow quartz} sand flow metane (fossil)
sea water .
serpentine nickel
silica stone nickel compounds
sﬂger LY nitrous oxide
iglfﬁlfl cirgre nitrogen dioxide
talc nitrogen, total (excluding N2)
titanium non-methane volatile organic compounds
tungsdten particles (> PM10)
Zﬁlréa ium particles (PM10)
uranium U308 PFC-14
coking coal 29M]/kg phnol
crude 44.7MJ/kg phosphorus, total
general charcoal 25.7M]/kg slag (landfill)
natural gas 54.6M]/kg .
natural gas liquid 46.5MJ/kg sludge (landfill)
coke oven gas (COG) sulfur dioxide
dust and soot, recycable sulfur hexafluoride
off gas sulfur oxides
spent oil, recycable . .
steel scrap sulphuric acid
sulfur dioxide, recycable suspended solids
used paper treated water
waste alkali, recycable vanadium
volatile organic compound
water vapour
zinc
coke oven gas (COG)
miscellaneous industrial waste
rubble and debris, recycable
slug, reﬁ{yclable ol
waste alkali, recycable
waste glass and ceramic recycable
Total 61 Total 78
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Table 13. Global Warming Effect Factors and Resulting values of Green roof.
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% pecag
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Table 14. Comparison of Global Warming Effects by Stages of Green roof.

Value
Stage (kgCOze) % Disposal
. ’. 15%
Installation 11,645.91 54 /
Global nsta
Warming | Use(40yr) 6,662.56 31 be 0
31% 54%

Disposal 3,232.24 15

Total 21,540.71 100

SA sl A A" 2 pedd s dAER S o xS
2EE AR gAZE 11,646kg-COel 2 7 =2 H &S Ax5t4oH,
theFo] QlFEYFo] FEE AR @AVF 31%, H7] ©AV 15%E A

shith 7] @Ak e meS AAEA B QA0 AAgs Ane
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2 Aol 7teEgS el F
TEYGO] AL 7] wZEed H7] @AM o] e v &
W Ao w dAdHAY, JERA9 F7|W(Ventilation channel) &2 2+

A wS AABeA Ydgoz AAgo] et BAYTe] g A

|

o2 ot AgES AHdYAR ofFo|Xl WA T hdew
Ao 5T WA EPVO S M3 (ABS), B35 o35

43 /B4 PO P FEsb wob AAEH A Eol

—~~

olftta 7Hgste] <AdHATI=e A Tol #I FA A A (20194
Al#@)>& 71Este] H7l BA S L4 o2 HEeti

(2) =AIH 71299 (UAP, Urban Air Pollution)

S=3t Alade] Az dd dE FAA FFe A4Sk

2 A F 1762 kg SOse = AF=H At} o] 4FstSH(Sulfur dioxide)©o] 65%

2 7V =& TS AAS L, e o®E SikstE(Sulfur oxides) 25%,

A 2213} E (Nitrogen oxides) 10%, ~Lg]al o] Ak3}2 A (Nitrogen dioxide)+:=
0ol 7}7h& o= yeksth(Table 15).

Table 15. Urban Air Pollution Factors and Resulting values of Green roof.

Effect Factor (k‘;,aslgge) % r:ito;:jde:\ _____ |
sulfur dioxide 11.37 65 e %
Urban | sulfur oxides 447 25 N 4
Air
Pollution | pitrogen oxides 1.78 10
sulfur dioxide

nitrogen dioxide 0.00 0 =

Total 17.62 100
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Table 17. Value entered in the calculation of saved transportation fuel.

Contents Value Unit Source
Usage period 40 vr
Number of visits 52 wk/yr  Yu et, al.,(2002)

Average distance 36.34

(round trip) km

Fuel efficiency of 15.49

Private Car km/L  Korea Energy Corporation(2018)

Usage period x Number of visits x Transfer time x Average distance

+ Fuel efficiency of private car x Oil price

Equation 1. Saved transportation fuel instead of Weekend Farm(40years).
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Table 18. Information about stored fuel.

Component Material MiLCA DB Amount Unit

Heat energy, from heavy 4879.74 L

5 Fuel (for car) Fuel fuel oil C ‘toumbution

* % Electricity and Fuel Energy

o] dxeo] &S IDEA <lwlEZ e Heat energy, from heavy fuel oil C
combutions #-&3lo] MILCAR Rd#3d Ay AFdsto] sk =)
2 24 F3= 16,355.19kg CO, ZAIU 7S Foll et 247 @455
24.736kg SO = E}%E

Table 19. GWP value and UAP value of saved fuel.

Global Warming Urban Air Pollution

Element Equivalent  Unit Element Equivalent Unit
Carbon : Nitrogen 0
dioxide 1,5852.34  kg:COqe o 1.113 kg-SOqe
Methane 426.51 kg-COqe | Nitrogen oxide 1.098 kg -SOqe
Nitrous oxide 76.34 kg-COse | Sulfur dioxide 22540 kg-SO%e
PFC-14 17777 kg-COse | Sulfur oxides 1.098 kg-SOse
Sulfur 3 ‘
hexafluoride 197 kg COe
Total 16,355.19 kg-COoe | Total 24736 kg-SOqe
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A== A" (Sedum) el DFolH, Fateol (20059 318 S(2010) L
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AP RA=d, 2 A7 g2 1.9umol-COrs'm? & ¥R R 40Ut EUE
o] AAE 715w (Function Unit, F.U) 2625m*7F &3k olitstera
FSs AAEET 2 A% 4093 SAEstel AAE suUE
27300kg COE T3t Aoz =EHUT ©] g2 4:5ste AnA
o A WA st 21,540.71kg-COs BEop B2 oW, 1] Euv=o] S5}

= CO9 %4& 6825kg-CO/FU a1 & w, 453 A4 329 & AXA
W OALE S WAl BAPay off)e] @ oz wudEn ARHow,
sgmEe g7 % COE ARAE B e g & gl

AsEe Y- oA st AFEALY] o Aeald T Wt
FAEA 7] witel AF(EHE) olEgel Aol UFE AUA AEE
old ZrIaHE &&ste] oF FAstt & AFol = Green Roof
Energy Calculator(GREC) ver.2.0& AR&3to] W-whdogx] Aok vl &S
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1N

(L), wise heat flux

(H) and shortwave radiation

(Is) It also shows the complex exchange of long-wavelength

(LW) radiation within the canopy and into the soil. From (Sailor, 2008).

Fig. 15. Energy balance of green roof, including latent heat flux.

w3l GRECE: EnergyPlus® <A4H=

o

BES FUsA ALsRoH,
g o 2 A7 5] thH(David et.
3}¢] W= Table 203 2t}

EnergyPlus® 8,0003] A& o]
al, 2014). GREC®ll &3l

2]
ro
i)
i)
s

A
e
_\7;1
do
o
I

Table 20. Variable of Green Roof Energy Calculator.

Variable Values simulated Unit
Building Information
City name State/Province
Roof area ft?
1) Old (pre 1980) or
Building type New (~2004)

2) Residence or Office

Green Roof Information

Growing Media Depth 2 to 115 inches

Leaf Area Index 05 to 5

Irrigation or not Yes or No

Percent of Green Roof covered 1 to 100 %
White (albedo=0.65)

Substances other than Green Roof Dark (albedo=0.15)
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EA dE ol m=e] 9571 =AI9E Myt 57 A T AlEle] The
gto] d#e] Takanori et.,al(2018)¢F o] A+ /et FASE 7159 &=
AlE dEetsln. B AT didAQl FARE AR 1SS 3] Sl e
WWIS(World Weather Information Service)®] =A% 30 S+ 7|5 d
olE] 9] 7|3 FFHe viygow HFHor e 9 k:(latitude)9] North

Carolina7¢] Charlotte CityE A3ttt H3+ Charlotte Citye} F4F-2

|

TEE VIEoR AgH 7S T2 o AAH 58 7%

AL
e

=N vs
How g8y = A 7|$ EF(Koppen Climate Classification)ol A &<
3 241 458 713 (Cfa)® YEY Charlotte CityS F-4Fo] oA x| goz
A&l EldAd S 7HRtH(Table 21). 71EF 9= ¢k Table 229 &< 3slt}.
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Table 21. Climate Information for Two Cities.

Charlotte, North Carolina
30-year period

40 150
g
T E
2 &
b =
5
a0 s E 3
3 El
k]

Jon  Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
Month

Mean Daily <l Mean

Total
Maximum 5 Number of
& Rainfall :
Temperature (°C) Rain Days
(mm)

86.6 9.7

Mean Daily

Minimum
Temperature (°C)

A3

7
5

Busan
30-year period
40 300
]
e :
v 20 . - - EGOE
z z
= g
= El
<
8 3
o I l . =
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Mear} Daity Mean Total Mean
Maximum

Minimurm S Number of
Precipitation S
Temperature Temperature G Precipitation

e} ca Days

Mean Daily

b -
il
IIHQ i

Feb 0.4 128 843 9.4
4.1 17.3 101.9 9.6
23 222 T2 28
13.2 261 80.8 9.6
[ jun | 181 300 95.0 102
[ ] 20.1 387 935 10.8
/ 19.6 308 107.2 9.8
15.8 274 82.3 71
a3 221 864 8.9 62.0 5.4
40 16.0 70.8 24 76 16.1 50.1 56
[ Dec | 0.1 116 826 o6 18 103 243 43
Source : WWIS Source : WWIS
geograph | Latitude: 35.2062 geographi | Latitude: 35.1783
ical grid | Longitude: -80.8326 cal grid | Longitude: 129.074
Temperature humid Temperature humid
Climate | (Koéppen Climate Classific Climate (Koppen Climate Classific
-ation of : Cfa) -ation of : Cfa)

*Source - DB-City.com

*Source : DB-City.com
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Table 22. Value entered in the program.

Variable Values simulated Unit

Building Information

City name North Carolina state / Charlotte

Roof area 2825.5 ft?
Building type Old Residence Bldg

Green Roof Information

Growing Media Depth 5.9 inches
Leaf Area Index 5

[rrigation or not No

Percent of Green Roof covered 100 %

Substances other than Green Roof Dark (albedo=0.15)

YA "7k vla gholth Table 237 Zo] SA:5sE A FatA &2 ofF
- ZAYE AF ®Boh 1,962.2kWhe] 7] A€t 101 Thermse] & ol U
AE AFg F vk 7 "7y A et o= IDEA®] o] H o]
£ g83lo] 10,878.11kg:COse, 1.65kg-SOse, 22 L 826.03kg-COve, 0.12kg
SO AtEE], Smsa & Azhst WA e F 27453}

+ 11,704.14kg - COqe, 1.77kg-SOe = LHE}GE

Table 23. Comparison of Annual Energy Savings of Dark Roof,
Green Roof, Cool Roof(Criteria : Green roof).

Compared to a Dark Compared to a White Roof
Roof (albedo=0.15) (albedo=0.65)

Electrical Savings 1,962.2 kWh 36.1 kWh

Gas Savings 101.0 Therms 199.5 Therms

* 1 US Therm = 105.48M]
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4. 2%

[K

(1) AF+=243} (Global warming, GW)
Tz AFdsted g AAFH FFs FAT AH F
1,871kg-COeZ AtEH o, o] & o]its}erA7l 93%<] X w4l H|&

2 YESH(Table 24).

Table 24. Global Warming Effect Factors and resulting values of Cool roof.

Effect Factor (1};%8;) % nitm;;m.,de e
carbon dioxide 173753 . 93  methane e
2% \ PFC-14
methane 41.17 2 0%
Global i .
Warming | hitrous oxide 92.29 5
PFC*14 001 O carbon dioxide
sulfur hexafluoride 0.00 0 7
Total 1,871.01 100
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1635.80

233.69

N

coat paint, white, for car | coat paint, white, for car | landfill of industrial waste
use, organic solvent use, organic sohlvent

1.52

Installation Use Disposal

Fig. 16. Comparison of Gobal Warming Effects by Stages of Cool roof.

Femo) 39 AA-AE-A7] 24 BAGA shike] w7
2% £4s7] ol Fig. 163 ol X L AguAY BAIE 5
2 w2d AL gdd 4 Aok ey 2aeEs Agd £
g2 A4u)Ez BREC WHom AH MASE 15%e-COeel
e #gRat 22Edt. Qdo® S48 71F PCC 1009 Az}

(2) =AI7]1 299 (Urban Air Pollution, UAP)

2
olgh

ZFZ EAYIed Wi A @AFsks olibE & (Sulfur

_64_



dioxide) 45%, ZAFs}tE(Sulfur oxides) 43%, & A4Fs}&E (Nitrogen oxides)
12%, ©o]4F3}# 4 (Nitrogen dioxide):= 0%9l 717+ S22 yYEwon, =
1.81kg SOzl =& UTHTable 25). FFX= SA4%535t0] A7 29
of gt A4 27 H 3} 6.24kg-SOe Hrt} v
ojgtar = + Urt Fig. 179 &

nrh 183 A AW EAIAE WHe A
e A7 @oAlA 0o Abe G ghEe]l EEHE, AT e
oE A BPRE B AT 0§z R go] W o
e,

Table 25. Urban Air Pollution Factors and Resulting values of Cool roof.

Value it
Effect FaCtOI‘ (kgSOze) % dlc[r;;de
sulfur dioxide 0.82 45
Urban | sulfur oxides 0.78 43 citfir i
Air 43%
Pollution | nitrogen oxides 0.21 12 L
45%

nitrogen dioxide 0.00 0
Total 1.81 100
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coat paint, white, for car use, coat paint, white, for car use, landfill of industrial waste
organic sohvent or ganic solvent

0.00

Installation Us= Disposal

Fig. 17. Comparison of Urban air pollution by Stages of Cool roof.
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el F7mel o] & AASNY FTEZs} ZaYE o] A7 ol
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Table 26. Detailed statement of Green roof.

Component Labor
Product  Amou . .
Component tandard . Unit Price(w) expenses(w)
standar n Unit  Total  Unit  Total

Installation

Protect layer 300g 262.5 m? 2,025 531,563 377 98,963
Root barrier ) 5

&Water proofing sheets 295.1 m 31,150 9,192,365 13,729 4,050,741
Drain board O'OEngom 175 EA 18333 3208275 755 132,125
Filter/Separation fabric 200g 262.5 m? 1,350 354,375 251 65,888
Drainage pipe ¢130%1.0m 28.1 m 14,000 393,400 - -
Floor access door 200%200% 2 EA 165,000 330,000 - -
Artificial light weight L 315 m® 99,000 3118500 24788 780,822
aggregate

Peatmoss - 7.9 m® 198,000 1,564,200 24,788 195,825
Rent fee (for crane) 25ton 1 day 911,421 911,421 - -

$ Electricity 4 ) }

(for hot-air welding) N o -

$Fuel (for crane) - 240.00 L 1,392 334,080 - -

19,938,215 5,324,364

Use and maintenance

Art1f1c1al light weight

ffggre gate 1,050kg 39 yr 129,938 5,067,582 - -

or supplement)

et g 0.8kWh 39 | yr 93 2901600 - -

7,969,182

Table 26 HIH o2 F FHE =& 47 4093 SA53E 248}
i AR 7EA 9 AR S-S 33,231,761 02 L e

Y. g9z

Frmol AFWAL 4 W WEHS #AL YolFE HEAel &
T5 7] vl 13]e gaf diErt 18-S PR ESH dETHE 3 =4
£& w=Hu 9} AFu7F EAFAUdeH, AFRAE B HAANE &



% sl
a2 A AA GANA 79545459, ARE- A TAAl A 10,624,020 ©]
HEF O] 40 BFZA F 18578565¢0] 4 2 H A THTable 27).

Table 27. Detailed statement of Cool roof.

Component

Product  Amou . Labor expenses(w)
Component Unit Price(w)

Siandard gt Unit  Total  Unit  Total
Installation
Painting (Expert) 80 3.3m’

7,954,545

Use and maintenance
Painting (Self) dkg 330.75 kg 32,121 10,624,020
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Table 28. Value entered in the calculation of saved transportation cost.

Contents Value Unit Source
Usage period 40 yr
Number of visits 52 wk/yr  Yu et, al.,(2002)
Average distance
(round trip) 36.34 km
gﬁf}ateefﬁéfrncy of 15.49 km/L  Korea Energy Corporation(2018)
Ol price 1581.37 won/L O-pinet of Korea National Oil

Corporation(2018)

Usage period x Number of visits x Transfer time x Average passing speed

+ Fuel efficiency of private car x Oil price

Equation 2. Saved transportation cost instead of Weekend Farm(40yr).

SAEsA 7 Fsde] HARA HoFd wEH= Azt 192916¥ 01,

4039 AolF7l5 wrgste] F 77166772 YEWT. s HIE

_Zl‘
272 300kWhelsl, 301~450kWh, 450kWh Z32 F3Al #g F-7ke]
A4 9001(2019.7.1.709), A7 A7jke] ¥ 300kWh ©]s7F H ==
12709 % U 23 Atela, Azt B v gow A shx
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Table 29. Comparison of Annual Energy Savings of
Concrete roof-Green roof-Cool roof.

Green roof Concrete
- Concrete (albedo=0.15) - Cool roof(Albedo=0.65)

Electrical Savings 1,962.2 kWh 1,876.1 kWh

Gas Savings 101.0 Therms -98.5 Therms

Total Energy Cost

. 356,693 won 37,365 won
Savings (1lyr)

Total Energy Cost

Savings (40yr) 14,267,720 won 1,494,600 won

* 1 US Therm = 105.48M]
* Ministry of Trade, Industry and Energy, Progressive electric rate tax,
2019.07.01. Reshuffle.
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Table 30. Environmental load of Green roof(40yr).

Global warming Urban air pollution

Element Equivalent Unit Element Equivalent Unit
Ins-Use-Dis 21,540.00 | kg'CO9e | Ins-Use-Dis 17.62 | kg'SOqe
Saved fuel 804.45 | kg:COse | Saved fuel 3.37 | kg'SOe
Sedum
samentosum 27,300.00 | kg:CO, - - -
photosynthesis
Saved Heating& ) Saved Heating& )
Cooling Energy 11,704.14 | kg-COz Cooling Energy L77 | kgS0qe

Fezel BPRTE AXAGHA-7] @A) A3y Grheh FFx
o wAEAE AFF Yoy U g BAYHE JFAAR 47

3to] AFE3FtHTable 31). FFX 2625m*7F 407 A F-2d3}o] nl

FLHN'
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= A ARG E 25.33ke-Coe, RATII 0] MAE B74%6E
1.54kg-SOe = YE}FGE

Table 31. Environmental load of Cool roof(40yr).

Global warming Urban air pollution

Element Equivalent Unit Element Equivalent Unit

Ins-Use-Dis 1,871.00 | kg:COse | Ins-Use-Dis 1.81 | kg'SOye
Saved Heating& ) Saved Heating& )
Cooling Energy 1.845.67 | kg-COqe Cooling Energy 0.27 | kg'SOqe

} A A 24

{0

7,716,6779 ¥ 14,267,720 2= & 21,984,397¢
2 AEE T

o) AAH A A

2

A

o

.

BUEEY B 4 B mEHoAL, ¥4 goR ALUS 5
A At AR AN Aesa, BRds #3PRE st Az d

Bal7h AgEAE S4A Astels] Wi UHA(015)9] YHEd
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Fig. 18. The classification of Eco-efficiency trend
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