KIEAE Journal, Vol. 20, No. 5, Oct. 2020, pp.61-71. M) Check for updates

Korea Institute of Ecological Architecture and Environment

SLi-2| S5tA| F71F Ted A2 24 Hjw A
A comparative study of eco-friendly planning factors for summer stadiums in Korea and abroad

2} &) *
Ja Kyung Kim*

* Corresponding author, Professor, Dept. of Interior Architecture, Inha Technical College., South Korea (jkkim@inhatc.ac.kr)

ABSTRACT KEYW ORD
Purpose: Securing the eco-friendliness of stadium construction is now essential. Therefore, there is a need for X&d 7|

. . . . L . . . H7Zxo|=

improvement through consideration of various aspects to secure the eco-friendliness of domestic stadiums. For this i‘é? ?_oTj_l S

reason, based on the analysis of eco-friendly characteristics of domestic stadiums, we intend to derive planning ngo;—jc‘; 715 HE 94

elements that need improvement and supplementation by comparing them through analysis of overseas eco-friendly
stadium planning elements, and provide them as basic data when rebuilding eco-friendly stadiums or planning new  Eco-friendly Stadium
stadiums in the future. Method: By checking the eco-friendly planning elements applied to each stadium, focusing fgggncBu'!?'”g_ Certification
on 8 summer stadiums that received eco-friendly certification in Korea and 8 stadiums certified by overseas LEED, certification :
. . R " o : Eco-friendly Stadium Planning Elements
CASBEE, and international sustainability standards, which were completed after 2000, The priority and differences
were compared according to the application rate of each item. Result: As a result of the analysis, the overal ACCEPTANCE INFO

application rate of eco-friendly planning elements was surveyed at 54% in Korea and 75.8% overseas, and overseas  Received Sep. 1, 2020

was high in all items. In Korea, the application rate was relatively high, with 79.2% for maintenance, 63.8% for  Final revision received Sep. 20, 2020
water resource management, and 58.3% for land use and transportation.For overseas, 95.8% for maintenance, Accepted Sep. 24, 2020

86.8% for land use and transportation, 85.6% for indoor environment, The material and resource was high at 81.9%.

On the other hand, in Korea, the application rate of materials and resources by 32.6% was very low, and the

application rate of the ecological environment was 46.3%, the indoor environment was 48%, and the energy and

environmental pollution was 50%. Accordingly, it was found that in order to increase the eco-friendliness of

domestic stadiums, efforts to actively reflect unapplied planning elements were necessary.

(© 2020. KIEAE all rights reserved.
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Table 1. Planning Elements for Stadium Environmental Analysis

Evaluation items

Planning items

Planning elements

1. Land use and
transportation

Ecological value

Ecological value of existing site, land use / use of natural terrain

Adjacent site impact

Feasibility of solar interference prevention measures

Reducing land environmental load

conservation of raw terrain, natural surface residual rate (recycling of topsoil), pluggable
ackaging

Traffic load reduction

Proximity of public transportation, whether bicycle storage is installed or not, electric vehicle
charging station

2. Energy and
environmental
pollution

Energy saving

energy performance indicator, power automatic control system, meter installation by usage, high
efficiency lighting, equipment, absorption water heater (high efficiency of facility system),
recovery of exhaust and waste heat, temperature monitoring

Sustainable energy use

Solar power, local air conditioning, geothermal energy, wind power, biomass

Environmental pollution

Prevention of global warming(energy to reduce carbon dioxide emissions, prohibition of the use
of certain substances to destroy the ozone layer, evaporative cooling of water space) /
waste(recycling, separate collection, composting of food waste)

3. Materia-Is and
resources

Resource saving

Saving consumer goods used in the bathroom, recyclable separation method, variable structure
de- sign, long life design (improved durability)

Sustainable resource utilization

‘Whether to use eco-certified products, use recyclable materials, reuse materials, use sustainable
materials, display carbon emission information of materials

4. Water resource
management

Water circulation system

Measures to reduce rainwater load (Rainwater Leakage Reduction Facility)

Water conservation

Measures to reduce water supply for daily use, water- saving sanitary appliances, use of
rainwater, installation of heavy water supply

5. Mainte-nance

Systematic site management

Site management considering environment, rationality of planning

Efficient building management

Provide operation and maintenance documents and instructions, conduct TAB and commissioning

6. Ecological

Creation of green space in the
site

Natural soil green rate, establishing green space in connection with surrounding environment,
creating new pasture, wetland, mountain, and wetland

Microclimate control

Wind path creation, wind and shade planting, hydrop- hilic space around the building

Secure ecological function

Greening of external space, greening of building walls, greening of roof, greening of artificial

environment ground
Creature habitat space Biotope composition (land, aquatic)
Ecological greening through native planting, creating a local green community, and creating a
Locality amenities 8! . & g o p & o g v g
nature-friendly playground
Use of indoor air pollutant low emission materials, air conditioning environment control, natural
Air environment ventilation performance (natural ventilation, air circulation fan), control of harmful substances
emitted from construct- ion materials, retractable roof, wall, louver system
7. Indoor Thermal environment | Adopt indoor thermostat, double shell, heat buffer space, heat insulation to minimize heat loss
environment

Noise environment

Reduction of indoor noise and noise in the water supply system for traffic noise

Light environment

Natural light, light duct, lighting plan by sensor, shade control device

Comfortable indoor environment

Space for rest and recharging (players, visitors), facilities considering barrier free

Table 2. Domestic and Foreign Stadium Analysis List

Domestic Overseas
Sign Stadium name Opened | Capacity Certification Sign Stadium name |Opened /Country| Capacity | Certific- ation
A Gyeyang Stadium 2013 4270 | General (Greend) | a | vellington Regional| 2000 New 60,000 ISO 20121
Stadium Zealand
B Namdong Stadium 2013 8,828 | General (Greend) | b Iﬁnds()tndplymplc 2012 England | 80,600 ISO 140001
adium
C Yeol-umul Stadium 2013 7,077 Rainfall (Green3) c Wembley Stadium | 2007 England 170,000 ISO 20121
p | Ganghwa Dolmen 5 0y 614 | Rainfall (Green3) | d | Lincoln Financial |00 e | e 0 | LEED Gold
Gymnasium Field
E Songlim Gymnasium 2013 5,002 General (Green4) e MetLife Stadium 2010 USA 195,075 LEED Gold
F | Asiad Main Stadium | 2014 | 69,349 | Rainfall (Green3) | f Mer;f‘ji‘?s'Be“Z 2017 USA | 185,786 | LEED Platinum
adium
G Seonhak Stadium 2014 | 8248 | General (Greend) | g | BC Place Stadium | 2009 Canada | 40,470 Smd“;m B;‘smess
wards
Okryeon International Tokyo New CASB-EE
H . 2014 1,337 Excellent (Green2 h . .
Shooting Range xcellent (Green2) National Stadium 2019 Japan 194,000 S Class
Domestic
Over-seas

© 2020. Korea Institute of Ecological Architecture and Environment all rights reserved.

03



2 - 9l My

SHA B718 A" a4 Hn A7

A, wEA 2 Pste] 7]Eo] tiA| e ot AYefehA ZHAE Bt

olt
L
£
ol

o i
frtl
N
XN
R
0
rir
Hﬂ
R
R}
e

[o
%01‘
_%
rlr
A
re
2,
R
£
u
2

R

Ir

EL

o |o
o
>
)
ot
fo
b

N
N
rid
o
o
=
o,
Hu)
o
o
lo

l

N
N
iv‘

N
)

i

rlo
=
>,
o g oan 3 oy
b
v
2, O

i

1o

Brori
e R
fo
B
il
£

ot
us
o
1o %
)

Jo
il
ru{m
__)dn“
u
ol
Qb
)
,_]
jos)
o -
o
w
J;i
My
=

$E258.3% Olﬂi A F= % M e
F 100%, A
J7to] 47. 9%_% 5 YsHA iﬂ? 54 314. Al
“4111 O:]o]:o] A s ZJ_QQE 013131

ol
il

o

H 2y

o 24

) Elg N

i =

2% it
fu)

s

-Ci)ll )

s of

]_

A

AEA 7HAE Eole AZ 8 Al 7IE iAo BE e 7A€ =
=

o o) B4 At o2 H7 epie,

2) A 2 &H A
oz & 275 2 Fofl et A8 FH2 oA def, A& st
oA AL, E 2 FolH A Hi el 488 AZ_4E A
A3} Table 4.9F 2}, A A= @20 2-§EL 50%= e S
o, FEHZE T4 Aol 65%, vl Aol 51.8%, A& 7t 5
et ol 2] Abgo] 35.4%= HERATE HF AY 8 AR A B
il A LR Zﬂg’“‘l gl et e &S oy 24 AR | Al
FEo| 7MY w2 -85S HolaL, ovA] defell A I A Al
of AlLET N EE %7149} 8] Agol A vebE T 214 7t
S oA ARGl A= B FF T A D A7 71 Eol 285
et Hhde] £ BUEF, 219 Y, vo] enj 2, =4
= 287] Hu|st Al 2" S22 A9 A-go] HA] &%

=4,

3) Az DAY
A2 8 AR A% AGHE A% AR} 264 Aokt B
29 AR A 47150 AL Bgo] F.4 AT FBoln 1 4

Table 3. Land use and Traffic Planning Factors Applied to Stadiums Subject to Domestic Investigation

Plan items Planning elements A B C D E F G H score total
. Ecological value of existing site A o o o o - - - 9
Ecological value - 22
land use / use of natural terrain A o o A o A o o 13
. . Feasibility of solar interference prevention
Adjacent site impact o o o o o o o o 16 16
measures
Reducing land conservation of raw terrain - - A A - - A A
.e e natural surface residual rate - o A A - A - A 6 23
environmental load .
pluggable packaging o A A o A o o o 13
Proximity of public transportation o o o A A A o A 12
Traffic load reduction | whether bicycle storage is installed or not| o o - o - o o A 11 23
electric vehicle charging station - - - - - - - - 0
Total score/total ratio(%) 10 13 11 12 8 9 11 10 84 / 583
Table 4. Energy and Environmental Pollution Reduction Plan Elements Applied to Stadiums Subject to Domestic Investigation
Plan items Planning elements A B C D E F G H score total
energy performance indicator A A - A o o A - 8
power automatic control system A o o o o o o o 15
meter installation by usage - o A - - - - - 3
Energy saving high efficiency lighting, equipment o o A A o o o o 14 58
absorption water heater A o o o o - o - 11
recovery of exhaust and waste heat A - - o o o - - 7
temperature monitoring - - - - - - - - 0
Solar energy A - - - - A 6
Solar power o o o o - o 14
. Use of - TP
Sustainable local air conditioning - - - - - - - - 0
renewable 34
energy use geothermal energy o A o o o o o - 13
energy -
wind power - A - - - - - - 1
biomass - - - - - - - - 0
to red bon dioxids
. energy to reduce carbon dioxide A A A A o o o A "
Prevention emissions
. of global prohibition of the use of certain
Environm-ental R o o) o o o o o 15
luti warming | substances to destroy the ozone layer| 52
pouion evaporative cooling of water space A o - o - 10
recycling separate collection o o o o o o 16
waste -
composting of food waste - - - - - - - - 0
Total score/total ratio(%) 16 20 16 19 18 22 20 13 144/50
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Table 5. Materials and Resource Planning Elements Applied to the Stadiums Subject to Domestic Investigation

Plan items Planning elements A B C D E F G H score total
Saving consumer goods used in the bathroom A A A o o o o A 12
. Recyclable separation method - - A - A A - - 3
Resource saving - ; 15
Variable structure design - - - - - - - -
Ong life design (improved durability) - - - - - - - - 0
Whether to use eco-certified products A o o o A A o o 13
. Use recyclable materials A A A A A - - 6
Sustainable resource -
S Reuse materials - - - - - - - - 0 32
utilization - -
Use sustainable materials A A A A A A o o 10
Display carbon emission information of materials| - - A - A A - - 3
Total score/total ratio(%) 4 5 7 6 7 7 6 5 47/32.6
Table 6. Water Resource Management Planning Factors Applied to the Stadiums Subject to Domestic Investigation
Plan items Planning elements A B C D E F G H score total
Water circulation Measures to reduce rainwater load A A A A A - - o 7 7
system
Measures to reduce water supply for daily use A o o A o 14
o . Water-saving sanitary appliances o o o o 16
ater conservation Use of rainwater o o o A A o o 14 4
Installation of heavy water supply - - - - - - - - 0
Total score/total ratio(%) 7 7 6 7 6 5 5 8 51/63.8
Table 7. Elements of Maintenance Plan Applied to Stadiums Subject to Domestic Investigation
Plan items Planning elements A B C D E F G H score total
Systematic site Site mnage@ent .cons1dermg.enV1ronment, A o o o A o o o " "
management rationality of planning
X o Provide operation and maintenance documents
Efficient building . . o o o o o o o o 16
and instructions 24
management —
Conduct TAB and commissioning A A A A A A A A 8
Total score/total ratio(%) 4 5 5 5 4 5 5 5 38/79.2

© 2020. Korea Institute of Ecological Architecture and Environment all rights reserved. 65
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Table 8. Ecological and Environmental Planning Factors Applied to Stadiums Subject to Domestic Investigation

Plan items Planning elements A B C D E F G score total
Natural soil green rate A A A A - o o 9
. Establishing green space in connection with
Creation of green . . o o o o - o o 14
. ; surrounding environment 29
space in the site Creat and - 1
reating new pasture, wetland, mountain, an A A i ) A A o 6
wetland
Wind path creation o o - - - o o 8
Microclimate control Wind and shade planting e} o A A A o A 12 30
Hydrophilic space around the building A A o o - o o 10
Greening of external space o o o o A o o 15
Secure ecological Greening of building walls - - - - - - - 0 "
function Geening of roof - - - A o - 3
Greening of artificial ground A - - - A - - 2
. . L. land o o o o - - o 12
Creature habitat Biotope composition -
— aquatic o A o - - o 8 22
Bio Habitat Restoration Design A - - - A - - 2
Ecological greening through native planting A A - o A A - 6
Locality amenities Creating a local green community - - - A A o o 6 12
Creating a nature-friendlyplayground - - - - - - - 0
Total score/total ratio(%) 18 15 11 15 8 18 19 113/46.3
Table 9. Elements of Indoor Environment Planning Applied to Stadiums Subject to Domestic Investigation
Plan items Planning elements A B C D E F G H score | total
Use of indoor air pollutant low emission materials| o o o o o A e} o 15
Use of indoor air pollutant low emission materials| © o o o o o A 15
Natural ventilation Natural ventilation A - A A - A - - 4
Air environment performance Air circulation fan A o o o o o o o 15 65
Control of harmful substances emitted from
. . o o o o o o o o 16
construction materials
Retractable roof, wall, louver system - - - - - - - 0
o ! Adopt indoor thermostat - - A - - - - - 1
.erma Double shell, heat buffer space - A - - - A - - 2 10
environment
Heat insulation to minimize heat loss A o - - o A A - 7
Indoor noise level for traffic noise o - A - - - - - 3
Noise environment Noise reduction of water supply and drainage o o o o g 11
facilities
Natural light, light duct A A o o - o o A 11
Light environment lighting plan by sensor - - - - - - - - 0 11
shade control device - - - - - - - - 0
Comfortable indoor Space for rest and recharging A o o A A o A o 12 i
environment Facilities considering barrier free A o o o A 0 o o 14
Total score/total ratio(%) 16 16 17 14 14 18 14 14 123/ 48
Table 10. Land use and Transportation Planning Factors Applied to Stadiums Subject to Overseas Investigation
Plan items Planning elements a b [ d e f h score | total
) Ecological value of existing site o o o A o A o 14
Ecological value - 29
Land use / Use of natural terrain o o o A o o o o 15
. . Feasibility of solar interference prevention
Adjacent site impact| o (¢} (¢} o o o o o 16 16
measures
Conservation of raw terrain o o o A A A o o 13
Reducing land en- :
g Natural surface residualrate o o o A o A o o 14 42
vironmental load
Pluggable packaging o o o o o o A o 15
Proximity of public transportation o o o o o o o o 16
Traffic load Whether bicycle storage is installed or not o o o o o o o o 16 33
reduction
Electric vehicle charging station - - o o - o - - 6
Total score/total ratio(%) 16 16 18 14 15 15 15 16 125/ 86.8
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Table 11. Factors to Reduce Energy and Environmental Pollution Applied to Stadiums Subject to Overseas Investigation

Plan items Planning elements b c d e f g h score | total
energy performance indicator o o o o o o o 16
power automatic control system o A o o o o o o 15
meter installation by usage A A o o o o o o 14
Energy saving high efficiency lighting, equipment o o o o o o o o 16 93
absorption water heater o o) o o o o o o 16
recovery of exhaust and waste heat A o A o A - o o 11
temperature monitoring - o - - - o A 5
. Use of rene-wable Solar energy - - o A A - o 6
Sustainable energy use
energy Solar power - o o o - o 10
local air conditioning - - - - - - 2
. Use of
Sustainable geothermal energy - - - - - - 2
rene-wable - 30
energy use wind power - - - - 6
energy -
biomass - - - - - 4
energy to reduce carbon dioxide
.. o o o o o o o o 16
Prevention of CIssions
. . prohibition of the use of certain su-
Environment | global warming o o o o o o o o 16
. bstances to destroy the ozone layer 66
al pollution - -
evaporative cooling of water space A - - - - 7
recycling separate collection o o o 16
waste -
composting of food waste - A 11
Total score/total ratio(%) 17 28 21 28 22 23 20 30 189/65.6
Table 12. Materials and Resource Planning Elements for Stadiums for Overseas Investigation
Plan items Planning elements a b c d e f g h score | total
Saving consumer goods used in the bathroom - o o o o o o A 13
) Recyclable separation method A o - - A A - o 7
Resource saving - - 44
Variable structure design o o A - - o - o 9
Ong life design (improved durability) o o o A o o o o 15
Whether to use eco-certified products o o) o o o o o o 16
Use recyclable materials o o A o o o A o 14
Sustainable resource .
s Reuse materials o o - o o o A o 13 74
utilization
Use sustainable materials o o o o o o o o 16
Display carbon emission information of materials A o o o o o o o 15
Total score/total ratio(%) 14 18 12 13 15 17 12 17 118/81.9
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Table 13. Water Resource Planning Elements Applied to Stadiums Subject to Overseas Investigation

Plan items Planning elements a b [ d e f g h score | total
Water circulation system Measures to reduce rainwater load - o - o - o - o 8 8
Measures to reduce water supply for daily use A o o o o o o o 15
. Water-saving sanitary appliances - o o o o o o o 14
Water conservation - 39
Use of rainwater - o - o - o - o 8
Installation of heavy water supply - - - - - o - - 2
Total score/total ratio(%) 1 8 4 8 4 10 4 8 47/53.4
Table 14. Elements of Maintenance Plan Applied to Stadiums Subject to Overseas Investigation
Plan items Planning elements a b ¢ d e f g h score total
Systematic site Site management considering environment,
o . o o o o o o o o 16 16
management rationality of planning
Provide operation and maintenance
P o2 . . [©) o o o o o O O 16
Efficient building documents and instructions 30
management
Conduct TAB and commissioning A o A o o o o o 14
Total score/total ratio(%) 5 6 5 6 6 6 6 6 46/95.8
Table 15. Ecological and Environmental Planning Factors Applied to Stadiums Subject to Overseas Investigation
Plan items Planning elements a b c d e f g h score | total
Natural soil green rate o o o o o A o 14
Creation of green Establishing green-space 1-n connection with o o o o o o o o 16
. . surrounding environment 43
space in the site - -
Creating new pasture, wetland, mountain, and
o o A o o o - o 13
wetland
Wind path creation - o o - A o - o 9
Microclimate control Wind and shade planting A o o o o o A o 14 30
Hydrophilic space around the building A o - - - o - o 7
Greening of external space o o o o o o o o 16
Secure ecological Greening of building walls - - - - - - - o 2 ’
function Geening of roof - - - - - - - 0
Greening of artificial ground - A - - - o - o 5
. . . land o o o A o o A o 14
Creature habitat Biotope composition -
space aquatic o o - - - o - o 8 33
b Bio Habitat Restoration Design o o o - A o - o 1
Ecological greening through native planting o o o - o o A o 13
Locality amenities Creating a local green community A o A - A o A o 10 29
Creating a nature-friendly playground - o o - - o - - 6
Total score/total ratio(%) 18 27 20 11 17 28 9 28 158/61.7

68 KIEAE Journal, Vol. 20, No. 5, Oct. 2020



cIpiES

Table 16. Indoor environmental planning factors applied to stadiums

subject to overseas investigation

Plan items Planning elements a b ® d @ f g h score total
Use of indoor air polluta- nt low emission materials o o o o o o o o 16
Use of indoor air pollutant low emission materials A o o o o o o o 15
Air L Natural ventilation o o o o o o o o 16
. Natural ventilation performance — -
environment Air circulation fan o o o o o o o o 16 89
Control of harmful substances emitted from|
. . [¢] [¢] o o (o) (0] (0] (0] 16
construction materials
Retractable roof, wall, louver system - o - e} o o) - 10
Th | Adopt indoor thermostat - - - - - o o 6
.erma Double shell, heat buffer space o - - - - A A 4 23
environment - p P
Heat insulation to minimize heat loss o o A A A o o 13
. Indoor noise level for traffic noise o o o o o o o 16
Noise - - -
. Noise reduction of water supply and drainage 31
environment L A o o o o o o o 15
facilities
Light Na@al light, light duct o o 16
R lighting plan by sensor o o 16 44
shade control device A - A 12
Comfortable | gpace for rest and recharging S S o o o o o o 16
indoor 32
environment | Facilities considering barrier free o o o o o o o o 16
Total score/total ratio(%) 23 30 30 23 27 27 31 28 219/ 85.5
=8 B4 47.9%= A H AT olof sfelolME B71E AWis3t 31.3%= A2 A8 et oy 851 e v 48
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Table 17. Comparison of Overall Application Rate of Eco-friendly
Planning Elements Applied to Domestic and Foreign Stadiums
u Application m Partial application = Unapplied

Table 18. Comparison of Overall Application Rate of Eco-friendly
Planning Elements Applied to Domestic and Foreign Stadiums
m Application m Partial application = Unapplied

Item Application rate Item Domestic Overseas
0% = Application m Partial application = Unapplied Land
90%,
0% use
70% and
transp
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