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Abstract \/0
Seoul metropolitan has established a vision as ‘Healthy water-cycle c Qrestore
urban water-environmental as natural water-cycle. Therefore, various |%lve Low
Impact Development (LID) facilities are constructed perate r, benefit
analytic plans for systematic valuation are |nsuff|C|en | stu lyze various
benefits of these kinds of infiltration facilities, co ene it a is were selected
and categorized. As a result of quantification and tlon | n storage tank and
permeable pavement showed the total benefit 99 doIIa or infiltration storage
tank and 1.10 dollar/yr-m® for mﬂltraﬂo@age haracterlstlcs of benefit
distribution were various reflectinge c@ terlstlcs each infiltration facility
(Wastewater treatment saving: 88 90 rgy 4%, Air quality improvement:

<1%, Climate change adaptatl 0 Re \[ health care: <1%). As further
studies, the synergy effect ated LID ems would be evaluated such as

prevention of heat |sland sugges%beneflt assessment plans for each LID

facility
Keywords: Low,| evelo D) Benefit assessment, Quantification and
valuation, Inflltra rage ta rmeable pavement

1. Introd@
In most cities,

urbanization, the a
evapotranspirati
Especially, cli

mpermeable area was increased dramatically since there
of rainfall run-off was also increased and the amount of
decreased due to the decreased green and permeable area.
change increases ambient temperature and the differences among
annual Il events, and then it causes frequent flood events which current gray
infrastra&annot be affordable. Therefore, restoring to healthy water cycle is needed
to shi an design paradigm as current gray infrastructure to green infrastructure
%ng Low Impact Development concept.
@w Impact Development (LID) means the decentralized network for effective rainfall
management such as green roof, infiltration storage and permeable pavement. These kinds
of LID facilities have important roles for reduction of surface run-off and improvement of
water environment by rainfall run-off storage and its infiltration functions [1]. Especially,
the LID means the developing concept to manage rainfall and run-off as possible in the
rainfall area to maintain and restore to hydrological characteristics which were displayed
before the development. And they also could contribute to cause positive effects such as
not only reduction of non-point pollutants but also energy saving, air quality
improvement, carbon reduction and real-estate value increasing [2].
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Figure 1. Conceptual Diagram for Contributions of LIDt rt@rea

Recently, it is analyzed that the economic values \D CI| |es igh, but the
various researches are also needed for improvem Sess D facilities. For
example, USEPA compared and suggested the uction f LID facilities to

residential complex, however the study did not=geal with fupctiortal characteristics of the
LID facilities [3]. And although the other\e arches displayed the beneficial

assessment of LID facilities, the results® uch a mentary benefit of unit LID
facility and the integrated consideratiogS,are msut estlmate accumulated benefits
of LID facilities [4]. In this study ep fr Was applied to infiltrative LID
facilities such as infiltration st r k an er bIe pavement constructed in Seoul
Metropolitan in Korea an eficiat s were analyzed by quantification and
valuation. \
2. MethodoIOQKQ %
2.1. Study Q

Table 1 ays ab ion of infiltration facilities for analysis of their beneficial
characteristics whic ies have been demonstrated in Seoul Metropolitan, Korea.

Infiltration storag is for transportation facilities such as parking lot, and for this
study, an infiI@ storage system constructed underground of public parking lot in
Jongno-g ainfall on surface of the public parking lot flows by slope and flows
into the Mleon storage tank. And the infiltration storage tank has infiltration function
to incr ossible volume for rainwater management, and artificial electricity for
drai Id be replaced by natural recovery function comparing custom storage tank.
se of the infiltration storage tank for this research, ideal catchment area of the
¢ parking lot is over 2,000 m? to collect surface rainfall run-off, however, the
effective catchment area would be the half of the entire catchment area due to the
structural problem of the public parking lot. Therefore, in this research, beneficial
characteristics were analyzed assuming that the catchment area for infiltration storage
facility is 1,000 m®.
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Table 1. Summarized Specification of Demonstrated LID Facilities for
Benefit Assessment

1,000 m 62.7m
Jongno-gu, Seoul Dobong-gu, Seoul
Parking lot Transportation
560.71 "USD/m’ 4.36 USD/m’
872.52 USD 497.34 USD

* USD: US dollar

Permeable pavement is a kind of LID facilities for improvement of permeability of
road and sidewalk. And permeable pavement could also contribute to decrease
environmental problems such as ground-water level lowering, urban flood events and
urban heat-island phenomena. Especially, Seoul metropolitan promote extension of
permeable pavement to sidewalk as their policies as shown in Figure 2. Entire sidéwal
area in Seoul Metropolitan is over 6,000,000 m? and approximate 3% of side
permeable pavement currently. Seoul Metropolitan has plans to transfor
sidewalks to permeable pavement substantially until 2025.4In ;this resea eneficial
characteristics for permeable pavement were analyzed wh@as con@ in Dobong-

gu, Seoul.
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FigureQ &ension of Permeable Pavement in Seoul, Korea

2024

pavement.8, Guantify the beneficial effects and assess their potential values for rainfall

. For the benefit analysis, contents for the benefit analysis were categorized
ater treatment saving, energy saving, air quality improvement, climate change
tion and respiratory health care. And each category was quantified in the first step
assessed in the second step as shown in Table 2.

2.2. Benefit Ayﬁhent
In thisiti!dy, nefit analysis was applied to the infiltration storage tank and permeable
Ney

man
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Table 2. Categorized Benefit Analysis

Runoff reduction volume (m?) =
[Rainfall (mm) x “GI Area (m?) x Runoff
reduction rate (%)] / 100,000(mm/m)

Annual decreased cost for wastewater
treatment (USD) =
Runoff reduction volume (m?) x
Unit cost for wastewater treatment
(USD/m®)

Annual decreased gas energy for heating
(MJ) = Annual warming degree days
(°C-day) x 24 hr/day x AU x Gl Area (m?)

Annual decreased electricity for cooling
(kwWh) = Annual cooling degree days
(°C-day) x 24 hr/day x AU x Gl Area (m?)

Annual decreased natural gas cost for
warming (USD) = Annual decreased gas
energy for heating (MJ) x Unit cost for
natural gas energy (USD/MJ)
Annual decreased electricity cost for
cooling (USD) = Annual decreased
electricity for cooling (kWh) x Unit cost for
electricity energy (USD/KWh), *

(0.2 kg C/m?, Gettert, et al., 2009)

Annual air pollutants reduction (kg) = v

Air pollutants reduction for unit area(kg/m?) I Annua(lj estlmatitjjsbeneflA I
x Gl Area (m?) pollutants reduction ( ual air }
(ex) NOy: 0.00146 kg/m? (Currie and pollutants reduction (kg) X benefit
Bass, 2008) for uqt reductjon of (USD/kg)

Annual carbon reduction (kg C) = ual estimate it for carbon

Carbon reduction for unit area (kg C/m?) x n (USD) = carbon reduction
Gl Area (m?) ( x Estifated befefit for unit reduction

(USD/kg C)

* GI: Green Infrastructure such as LID facilities

Based on the categorized benefit ana
Line (TBL) method to LID valuatlon
economic effects by specific fa

ean§

Applying TBL analysi
facility could be use
also directly and digeetly e
treatment load, y savin
climate chgngey adaptatio
indirectly ied an

This study utilize

ent to consider not only direct
ut also its direct and indirect
onsider economical management of

lee é: rBstudy applied Triple Bottom

environmental and social effe s pr|nC| al

the facility, stable environm% sus r% society, then it also has an object to

realize sustainable development Th envi mgo area.

LID facb%T nitial construction and operation cost for the

yze ecqnomic effects of the LID facility. And TBL analysis
nvironmental effects such as avoiding wastewater
ir quality improvement. And social benefit like

rough carbon reduction could be assessed directly and

ed applying TBL analysis concept.

ep framework to estimate economic, environmental and social

e benefits. The two-step framework was developed by Center for

benefits and anal
Neighborhood @ology (CNT) and was applied to Chicago city in USA [2]. The
applied framewosk is designed to assess accumulated benefits of infiltration facilities

considerin

various benefit categories including wastewater treatment saving, energy
ality improvement, climate change adaptation and respiratory health care.

own in the Figure 3, the first step of framework is to define the units of benefit
and quantify them. And the second step is to determine beneficial values based

@amlﬂcaﬂon at the first step. Additionally, the indirect benefits were also considered
through two-step framework which were caused by direct benefits in the other categories

[5,6].
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Figure 3. Two-Step Framework of Ben@\alyg or Facilities

3. Results and Conclusion OQ ’\9
3.1. Structure of Basic Units for Be sses%z

For the analysis of categ I’I@ enefits filtration facilities, the necessary
information were arranged *ﬂ nd the @re used for the assessment. Unit cost for
wastewater treatment and anritial precipitation during 10 years were used for the
estimation of benefit respect %tewater treatment saving, and the related
information such aqu s for electricity are specified for Seoul Metropolitan in Korea
[6]. Run-off reduex‘I te of eachmififiltration facility was assumed that the LID facility
should treat 90 ile of e all event. Considering the assumption and specific
conditiona eristics g% facllities, the reduction rates were estimated as 92.0% for
infiltration e tank .6% for permeable pavement.

Beneficial effect ihergy saving for infiltration storage tank and permeable
pavement were § d with respect to decreased electricity cost for wastewater

treatment acco decreased wastewater loads to wastewater treatment plants. And
the decreased electricity consumption was related to indirect beneficial effects for air
quality i@ement and climate change adaptation. Because decreased electricity
consum by LID facilities could be assumed and quantified as decreased electricity
{01 using fossil fuel, and reduction of air pollutant and carbon could be also
Quanfified and valuated indirectly based on the reduction of electricity production load.

r the estimation of benefit by air quality improvement, NO, and SO, reduction by an
infiltration facility and its unit cost data were applied [7,8]. And social benefits by carbon
reduction was also analyzed based on the data such as carbon reduction load and its unit
cost. With respect to respiratory health care, estimated benefit data for reduction of
respiratory diseases caused by NO, and SO, were used [9]. Additionally, indirect benefits
by water and energy saving were estimated using related quantification data.
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Table 3. Basic Unit Information for Annual Estimated Benefit through
Infiltration Facilities

Unit cost for wastewater treatment dollar/m [
0.64 3 6]

Annual precipitation during 10 years 15115 Mm [
1 . 6]

. .. dollar/k [
Unit cost for electricity energy 0.09 Wh 6]
Decreased energy for wastewater treatment for 0.314 KWh/m? [

unit volume ' 6]
Estimated benefit for unit reduction of NO, 7.36 dc;llar/k 6][
NO, reduction coefficient by energy saving 0.000879 kg/kw L
. . . . dol v( [
Estimated benefit for unit reduction of SO 454 o
: ~X | 7
SO, reduction coefficient by energy saving 0.002385 @Vh [
o \ < P 8]

) ] ) . N \ ollar/k [
Estimated benefit for unit reduction of carbon \ {19 gC 6]
E 0.

. . kg [
Carbon reduction coefficient by energy @ C/kWh 6]

Estimated benefit for reduction of respivat dollar/k [

diseases caused by NO, { } X % et g 9]
Estimated benefit for reductlo esplratory‘ 167 dollar/k [

diseases caused by SO, g 9]

3.2. Characteristics of Benefit V. I& of In \bn Facilities

Figure 4 displays annual beE effec r infiltration storage tank. In the case of
infiltration storage tank, ann ease or wastewater treatment has the greatest
portion as 90%. Becaus fl|tf&tl0r®€ tank is constructed underground a public
parking lot and, due ind of st ral characteristics, the other direct beneficial
effects were not e Add|t| , there is not vegetated area for infiltration storage
tank, therefore, indirect D t decreased electricity consumption for wastewater
treatment e tifmated quality improvement category and climate change
adaptation gory. D éd cost for wastewater treatment per unit area (0.8824 US
dollar/yr-m?) and dec electricity cost for wastewater treatment per unit area (0.0411
US dollar/yr-m? imilar estimation with the other LID facilities situated in Seoul
Metropolitan sughasvblue roof and green-blue roof.
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2,000.0 [ 2,000.0 Annual estimated benefit
for respiratory health care
Annual decreased energy |’ 1,998.0 by NO, reduction
19500  fcost for wastewalter treatment | - P 0.7 USD/yr
' 83.5 USD/yr ‘ (0.0003 USD/yr-m?)
3 , 1,996.0 (0.03%)
(0.0411 USD/yr-m?) :
19000 (4.18%) | ~ Annual estimated benefit
o | 1,994.0 ~ for respiratory health care
Annual estimated benefit 1! by SO, reduction
18500 for carbon reduction 1,9920 Annual estimated benefit 3.5 USD/yr
o 101.9 USD/yr \ for NO, reduction (0.0017 USD/yr-m?)
(0.0501 USD/yr-m?) \ 1,990.0 5.7 USDAT (0.17%)
(5.10%) (0.0028 USD/yr-m2)
1,8000 : 0
: 1,988.0 (0.28%)
1750.0 Annual decreased cost for ! 1,986.0
o wastewater treatment ) Annual estimated benefit
1,792.5 USD/yr ) 1,984.0 for SO, reduction -
(0.8824 USD/yr-m?) i 9.5 USD/yr
1,700.0 (89.75%) (0.0047 USD/yr-m?)
L 19820 (0.47%)
1,650.0 L 1,9800 < >

*
Figure 4. Annual Benefit Assessment for @on to Tank

Categorized beneficial characteristics and TB acteri '&}f? nfiltration storage
tank are displayed as Figure 5. And those were analyzéd accorsch two-step framework
analysis previously explained (Figure 3). In{the case of (nafiltration storage tank, the
annual benefit was estimated as about, 2 S dollarsN\ard it has a value as 1 US
dollar/m?. As previously explained, th ?!Q tio st@ne tank is underground structure
without vegetated area, therefore, t % of e enefit has the greatest portion.
Benefit for air quality improye as esti based on indirect benefits of the
infiltration storage tank, theref@réfwit has,a ion as less than 1%. And, as shown in
Figure 5, decreased electricit t by W;gj er treatment reduction, value for climate

change adaptation and beprefit of respigatQry™health care contributed to increase the social

benefit. Q’\\Q Qﬁ

Copyright © 2016 SERSC 417



International Journal of Hybrid Information Technology

Vol. 9, No.9 (2016)

2,000.0

1,9500

1,900.0

1,850.0

1,800.0

17500

1,7000

16500

Category:
Energy saving
83.5 USD/yr
(4.18%)

Category:
Climate changes
101.9 USD/yr
(5.10%)

Category:
Water saving
1,792.5 USD/yr
(89.75%)

(a) Field Category

Category:
Respiratory
health care
4.2 USD/yr

(0.21%)

Category:
Air quality
improvement
15.1 USD/yr
(0.76%)

Figure 5. Categorized Annual Be

3.3. Characteristics of Bene&&arlatlon‘
Figure 6 displays an

infiltration storage ta
portion as 87.63%, n
carbon reductiong4 ¢
than 1% for=mdirect ben

Variation .@ %n
similar with

% for

gteristic
he chara

benef|C|
de
other

SSGS

s\\

2,000.0
1,950.0
1,9000 ‘ -
Social benefit
189.6 USD/yr
(9.49%)
18500
1,800.0
1,750.0
Economic benefit
792§ USD/y;
89.75%)
1,700.0

M

%BL Category

meable Pavement

Environmental
benefit

15.1 USD/yr
(0.76%)

0?\/

for Infiltration Storage

ts for permeable pavement. In the case of

cost for wastewater treatment has the greatest

flts have remained portion as 7.34% for value for
electricity cost for wastewater treatment and less

air quallty improvement and respiratory health care.

eable pavement by benefit analysis contents is seemed as
ic of infiltration storage tank. Because, permeable pavement

and infiltration stor@ank do not have direct effects with respect to energy saving, air
d climate change adaptation and the only indirect effects were

quality improv
estimated.

Q)O
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7. Categorized annual Benefit Assessment for Permeable Pavement

Aqmual decreased Crergy

2.77 USD/yr
(0.0442 USD/yr-m2)
(4.08%)

Annual estimated benefit
for carbon reduction
4,98 USD/yr
(0.0794 USD/yr-m?)
(7.34%)

Annual decreased cost for
wastewater treatment
59.41 USD/yr
(0.9476 USD/yr-m?)
(87.63%)

cost for wastewaler treatment |,

Category:
Energy saving
2.8 USD/yr
(4.08%)
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International Journal of Hybrid Information Technology

67.81

67.76

67.71

67.66
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67.46

6741
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health care
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Figure 6. Annual Benefit Assessment for \%ab

62.0

54.0

Annual estimated benefit
for NO, reduction
0.19 USD/yr
(0.0030 USD/yr-m2)
(0.28%)

Annual estimated benefit
for SO, reduction
0.31 USD/yr
(0.0050 USD/yr-m?)
(0.46%)
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Annual estimated benefit

| for respiratory health care

by NO, reduction
0.02 USD/yr
(0.0004 USD/yr-m?)
(0.03%)

Annual estimated benefit
for respiratory health care
by SO, reduction
0.12 USD/yr
(0.0018 USD/yr-m?)
(0.17%)

A\
8

o
Q,g,

Environmental
benefit

?

Social benefit
7.9 USD/yr
(11.63%)

0.5 USD/yr
(0.74%)

Economic benefit
59.4 USD/yr
(87.63%)

(b) TBL Category

igure 7 displays categorized beneficial characteristics and TBL characteristics for

permeable pavement.

In the case of permeable pavement, the annual benefit was

estimated as about 68 US dollars, and it has a value as 1 US dollar/m? such as infiltration
storage tank. Categorized beneficial characteristics and TBL characteristics for permeable
pavement also showed similar results with infiltration storage tank. And it is due to that
there are not direct effect for energy saving by permeable pavement and direct effects for
carbon and air pollutants reduction by vegetation.
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4. Conclusion

As results of benefit assessment for infiltration storage tank and permeable pavement
demonstrated in Seoul metropolitan, this study concluded as followings,

1)  Annual beneficial effects for unit area were estimated as 0.99 dollar/yr-m? for
infiltration storage tank and 1.10 dollar/yr-m? for infiltration storage tank. And application
of LID facilities should be determined considering characteristics of each LID facility and
environmental conditions of construction area

2) In the case of infiltration storage tank, Triple Bottom Line analysis estimated
1,792.5 US dollar/yr for economic benefit, 189.6 US dollar/yr for social benefit and 15.1
US dollar/yr for environmental benefit. And in the case of permeable pavement, TBL
analysis estimated 59.4 US dollar/yr for economic benefit, 7.9 US dollar/yr for social
benefit and 0.5 US dollar/yr for environmental benefit. The environmental and social
benefits were less than significantly economic benefit and it is due to that under. round,
structure and pavement structure do not have direct effects for energy savi
reduction and air quality improvement. n?“

3) Based on the suggested benefit assessment structure in this study, nalysis

should be applied to various integrated LID facilities system. YAnd it is on3|der
and estimated the other benefit analysis contents such as ing urb t-island and
urban flood by heavy rainfall with complex-scal search are the suggested

cooperation system containing design, construction;e

methodology of benefit analysis to LID facilitie @ ontrw stablish effective
d operatio
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