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ABSTRACT KEYW ORD
i i i ; A=
Purpose: This study is conducted to contribute to the improvement of Green Standard for Energy and x5 HAA= o=y &
Hetdds 23S
Environmental Design(G-SEED) from the existing energy-physical efficiency-centric system to the ‘=MA= ol=g T

well-being-centric green building certification system. Method: In order to modify existing G-SEED  WELL Building standard
Certification, three phases of research have been conducted; 1) identification of needs of well-being-centric
environment-friendly construction certification system, 2) comparison of domestic certification system with . .

o . . Well-being architecture
WELL Building standard(WELL) which focuses on human health and promotion of wellness and 3) AHP  Green building certification
analysis to sort out the supplement items from WELL. Result: We proposed four alternatives which should be ~ Green standard for energy & environmental
preferentially introduced to the existing domestic certification system; addition of independent ‘well-being’ Des‘g“(G"SlE'ED)
section(field) in G-SEED, insertion of ‘well-being’ indicators in each relevant section of G-SEED, addition of WELL'Bul'dmg standard

K . K K X X X N Analytic Hierarchy Process(AHP)
‘well-being’ indicators in ‘Innovative Design(ID)’ of G-SEED and independent score systems for 25 items in a
high priority. ACCEPTANCE INFO
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Expert survey
AHP results and discussion
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Priorities of WELL
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Proposal of improvement plan of G-SEED — in terms of well-being
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Table 2. Domestic and international green building certification
Country Certification Developer Launch rg;itseii)t = certificates
. 2002 (GBCC) 1,514 projects(2015)
KR G-SEED Ministry of fLand, Inflastructure, and Transport | 5, (GBCC+Housing | 2016 total 6,042
try performance rating criteria) (2,448 main, 4,494 pre)
LEED
(Leadership in Energy U.S.Green Building Council(USGBC) 1998 2014(v4) 51,180
Environmental Design)
US| WELL Building standard | International WELL Building Institute™(IWBI) 2014 01500 | 2 n?ﬁ‘gg“;ﬁ%‘)lrggzégfgd
‘s g Cascadia(20006) .
Living Building Challenge International Living Future Institute(ILFL, 2009) 2006 2016(3.1) 331 projects(2016.04)
BREEAM
UK (BRE Environmental Building Research Establishment Ltd(BRE) 1990 2014 548,630
Assessment Method)
AU Green Star Green Building Council of Australia(GBCA) 2003 2015 1,353
Research committee as part of a joint
industry-government-academia project with the
JE CASBEE support of the Ministry of Land, Infrastructure, 2001 2007 450(20154)
Transport and Tourism(MLIT)
DGNB total 1,210
DE (German sustainable German sustainable building council(DGNB) 2007 2013|490 certified, 400 pre-certified,
building council) 320 registered
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Table 3. Previous research list

Keyword| Year |  Author Title
Sun-min Lee|Health Friendly House Planning Elements
et al. Demanded by Consumers
2008 A Study on Comparing and Analyzing

Gun-Young|Indicators of Domestic and Foreign Green
Kim et al. |Building Certification Criteria on the
Basis of Healthy Housing

Health;
h;;mgy Sune-Heui A Study on the Evaluation Indicators of
2011 Cho %:t al Healthy Housing Quality of Multi-Family
* |Housing
Study on the health residence harming
2012 | Young-Sun|elements and plan elements - Based on
Sohn et al. |the national health residence related study
analysis -
Fun-Ae  Im Development of Elements of Horticultural
Green of al Therapy  Evaluation Indices (HTEID
building 2012 ) through Delphi Method
certificat Study on Developing the Design

A
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and Analytical Hierarchical Process(AHP)-

Analyzing  Weights of  Certification
Assessment Criteria on the G-SEED

gh?)io -lin System Using the AHP Method -Focused
on Certification Standards for Apartment
Buildings-
2013 A Study on the Improvement of G-SEED

Yo-Sun Yun |through Analysis of the Previous Studies -
Based on Apartment Houses

A Study on Score Calculation Method for
Certification Grade of G-SEED(Korea) &
World Green Building Rating Systems

A Comparison Study on the Importance
2014 }{agune_tsﬁ()k and Problems of Assessment Items of the
S € 4. |G-SEED System
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Lee et al.
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Alge]’ AR AW, FE A s Rk, Sl A o] F 1A AvHAE et 5= At
A" 97 ] ok, F 66709 IS0 ® g Eo] glom
- . 1 — . - G-SEED WELL
WELLL 1|0l &S n A& 84 EE F7E5S 24 : -
B 510 Aslel F01, AU W AR, A, [ imtm it || = |
AN TAY A, E 10279 ¢l=dE o7 FAH gl |EnergyandEnvimmnema1pollllﬁ0n‘ — ‘
E}'<Table 4> | Material and Resources ‘
. I Nourishment ‘
Table 4. Comparison of G-SEED and WELL | Water circulating management
G-SEED 'WELL foN
9 Categories 7 Categories I Maintenance ‘ | l Light ‘
(New Residential Building) (Commercial and Institutional office A
building, New and Existing Buildings) | Ecological environment ‘ SN
/ ! Fitness
precondition indicator / optimization L | ‘
number of indicator / point indicator | Indoor environment ’
@ Land use and Transportation 8 /16 | Air 12/17 g ) { Comfort W
@ Energy and Environmental 5/20 |@ Water 5/ 3 | Housing performance ’
pollution (® Nourishment 8/ 17
(® Material and Resources 6 /15 |@ Light 4/ 7 - - -
@ Water circulating management 4 /14 |® Fitness 2/ 6 | Innovative design ‘ I Mind ‘
(® Maintenance 4/ 9 |® Comfort 5/ 17
® Ecological environment 4 /20 |@ Mind 5/ 14 — Rigid relation  ---- Indirectly relation
@ Indoor environment 9 /21
(® Housing performance 16/ - Fig. 1. Correlation between G-SEED(Field) and WELL(Concept)
@ Innovative design 8 /19
) ] s 3.2. AR5 v
<Fig. 1>2 7 JA5A1 9 135 S AA Y] FAV S 28T -
A2 F RAFA = A4 upe} & A AR F-d = o] G-SEED AJF-aE vl ae]] Eo77] 6] ShA] 2 =itell A= G—SEEDS]

of oA, ek, FAde, e, §414 11 27|, WELL A& FAL A5HE JASAA1E(2016.9.1.4 ) % WELL®]
o] Y Al *JH A AT oI E Aol glovt & v1(2015.9) & ¥-2Jo] XY= 7] wjF-oll WELLO| A ] 714
9 A9 e FEH 0w 5] Slom WELLS B a%me] 484 olel$ 35l ‘A (Nourishment)' S A1)
G—SEED®] A3k’ WELL®] '3} 24" G—SEEDPJ s o thevAo A AalE AHP 719 o] o] aF AR zA}o]
FRASIoPe WL o AAl QoA FAMI S Hela Ao AT} S A L2 o]7] 9ste] 67 A AR S

Table 5. Reclassification of WELL indicator

Level 1 Level 2 WELL indicator(WELL index number)
Al. Air quality standards Air quality standards(1)
A2-1. Construction pollution |Construction pollution management(7), Air flush(13)
%oor air A2-2. Post-occupancy Smoking ban(2), Healthy entrance(8), Pest control(22), Combustion minimization(24), Cleanable environment(28)
pollution  |A2-3. Material VvOoC reduction§4), Pesticide management(10), Fundamental material safety(11), Toxic material reduction(25), Enhanced material
Air | Source safety(26), Antimicrobial activity for surfaces(27)
A2-4. Humidity and mold Microbe and mold control(6), Moisture management(12), Increased ventilation(15)
A3. Natural ventilation Ventilation effectiveness(3), Air infiltration management(14), Humidity control(16), Operable windows(19)
sl bistane amidaton Dirct source ventlation(17), Outdoor i ayseme(20. Dispacement ventiation21). Advanced air puifation(3y "
AS. Air quality maintenance Cleaning protocol(9), Air quality monitoring and feedback(18), Cleaning equipment(29)
WI1. Water quality standards Fundamental water quality(30)
Water W2. Water pollution source Inorganic contaminants(31), Organic contaminants(32), Agricultural contaminants(33), Public water additives(34)
W3. Water treatment Water treatment(36)
W4. Water quality maintenance Periodic water quality testing(35), Drinking water promotion(37)
LI. Light standards Visual lighting design(53)
L2. Lighting Circadian lighting design(54), Electric light glare control(55)
Light L3. Natural lighting ?e(;}:;t rg;z(;el( t;:é))l"ltrol(56), Automated shading and dimming controls(60), Right to light(61), Daylight modeling(62), Daylighting
LA4. Space design Low-glare workstation design(57), Color quality(58), Surface design(59)
F1. Physical training using equipment Activity incentive programs(65), Structured fitness opportunities(66), Physical activity spaces(68), Fitness equipment(70), Active furnishings(71)
Fitness 12 f;gg})?fl:lﬂ dgf)rh%%gll (l)l?l}lﬁr[;%m traffic Interior fitness circulation(64), Activity incentive programs(65), Exterior active design(67), Physical activity spaces(68)
F3. Body activities during commuting time |Activity incentive programs(65), Active transportation support(69)
C1. Ergonomics ADA accessible design standards(72), Ergonomics: visual and physical(73)
2. Noise Exterior noise intrusion(74), Internally generated noise(75), Reverberation time(78), Sound masking(79), Sound reducing
Comfort surfaces(80), Sound barriers(81)
C3. Olfactory Olfactory comfort(77)
C4. Thermal comfort Thermal comfort(76), Individual thermal control(82), Radiant thermal comfort(83)
MI. Participation, Information share g:iglmiﬁtciyg%l)lness awareness(84), Integrative design(85), Post-occupancy surveys(86), Material transparency(97), Organizational
) M2. Welfare Healthy sleep policy(90), Business travel(91), Building health policy(92), Workplace family support(93), Altruism(96)
Mind M3. Element of environment Beauty and design 1(87), Biophilia I — qualitative(88), Adaptable spaces(89), Beauty and design I1(99), Biophilia IT — quantitative(100)
M4. Healthcare; physically, mentally Self-monitoring(94), Stress and addiction treatment(95)
MS5. Innovation Innovation feature I (101), Innovation featureII(102)
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S AL A A7) ERsle] 25709 FEFE A Eke] 7les)ed
t}.<Table 5>

G—SEEDZ 71#2 & G-SEED9} WELLS] A Q15355
vl sto] A& A 2 A= o3 2Th3)<Table 6>

Table 6. Comparison of G-SEED and WELL indicator

G-SEED WELL
Field Indicator Indicator
1. 1.1 Ecological value of existing site
Land d 1.2 Sublation of excessive
B e development underground
Transpor — -
tation 1.3 Minimize earthworks cutting,
fill-up ground
1.4 Validity on prevention plan to
interfere solar access

1.6 Public transportation access

Use low-carbon material

Use recycling of resource material

3.6 Recyclable resource storage
facilities
4. 4.1 Rainwater management W1 Water quality standards(30)
‘Water : W2 Water pollution source(31, 32, 33, 34)
cireulai [ *2 L% e & 00w water ircament(36)
ng - - W4  Water quality maintenance(35, 37)
manage |43 Use water saving device O 30. Fundamental water quality
ment 44 Water usage monitoring O 31. Inorganic contaminants
O 32. Organic contaminants
O 33. Agricultural contaminants
O 34. Public water additives
O 35. Periodic water quality testing
O 36. Water treatment
(O 37. Drinking water promotion

Mainten
ance

5.2 Furnish operation-maintenance
document and manual

5.3 Furnish user manual

54  Furnish green building Ml
certification

Participation, Information share
(84, 85, 86, 97, 98)

@ 84. Health and wellness awareness
O 85. Integrative design

O 86. Post-occupancy surveys
O 97. Material transparency

(O 98. Organizational transparency

|

3) AR E WELLS] A% QZFH(FRF) 02 vmsle] BRHE AFFEE F413
s AEa3n,

Ecologic
al
environ
ment
6.4 Create biotope
7.
Indoor
environ
ment
Automatic temperature control Thermal comfort(76, 82, 83)
device setting level © 76. Thermal comfort
© 82. Individual thermal control
© 83. Radiant thermal comfort
7.5 Insulation of light-weight
impact sound
7.6 Insulation of heavy-weight
impact sound
7.7 Insulation of partition wall C2 Noise(74, 75, 78, 79, 80, 81)
sound © 74. Exterior noise intrusion
B O 75. Internally generated noise
7.8 i!; uﬁcdoutdoor noise on traffic O 78. Reverberation time
O 79. Sound masking
© 80. Sound reducing surfaces
© 81. Sound barriers
7.9  Restroom plumbing sound
8. 8.1 Durability
Housing g5 Variability M3 Element of environment(87, 88
i 89, 99, 100)
nee O 87. Beauty and design I
O 88. Biophilia I - qualitative
@ 89. Adaptable spaces
O 99. Beauty and design II
(O 100. Biophilia II - quantitative
8.3  Consider of house unit for |Cl Ergonomics(72, 73)
second-class citizen © 72. ADA accessible design
8.4 Consider of public space for standards .
second-class citizen O 7. Ergonomics: visual and
physical
8.5 Community center & facilities
construct level
8.7 Home network system
8.8 Safety contents
8.9 Fire sensor & alarm
8.10 Smoke extraction system
8.11 Fire resisting capacity
8.12 Horizontal evacuation distance
8.13 Effective width of hall and stare
8.14 shelter equipment
8.15 Easy to fix — exclusive area
8.16 Easy to fix — public arca
ID.
Innovativ
¢ design

@: Similar, ©: Related indirectly, O: None related
Dark gray(M): Strong similarity, Light gray(' ): Weak similarity
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-
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217] AEHof, b -3 -0 S-S watal 87)
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Table 8. Matrix of background data

Field no. Work type no.
Internal medicine 17 |University hospital | 47
Preventive medicine 9 |General Hospital 13
Neurology 8 |Private hospital 9
Cardiology 7 |College of Medicine| 3
General surgery 7 |Etc. 6
Ophthalmology 6 | Clinical career(year) | no.
Anesthesiology 3 |1~5 15
Radiology 3 |6~10 25
Occupational and Environmental Medicine| 3 |11~15 19
Family medicine 2 |16~20 18
Urology 2 |21~ 1
Obstetrics and gynecology 2
Etc. 9

FHEARSY ARE B0 A AESHA] A
B7HE B SHAre) A wE Fos B 7879 A
7L%@%Mm¢;wmgmk1&

S|
%g%AEA AR E
7V e g A Gtk B 7 A 7FEA 9 Aol
U= vk} dlrgelstate] b 2]l thit t—314 23t S
Ao = frolgh 2kl 7k §li= 2 (p>0.05) &2 LFERRtTh<Table 9>
Table 9. Statistical significance test

Attributes | Air | Water | Light |Fitness Comfort) Mind | F-test | T-test

Internal 031 | 019 | 0.16 | 0.11 | 0.11 | O.11
medicine

0.525363 | 0.5

Preventive| 54 1 015 | 024 | 0.13 | 0.14 | 0.11
medicine

1) A9 & (Level 1)9] £ %

WELL®] 3$] B7H52] 3714, 4, Wit A A 25,
A, A 2] 67] ol etk 7152 (a) w4 A= <Table
10>3} Zro] Z+2}+ 0.306, 0.161, 0.150, 0.101, 0.204, 0.078 = &
714(30.6%), A44(20.4%), 52 (16.1%)°] “FhH o2 =7
LEbsk o 58] 7 A gk 77t 2559191 A A g oF
1.5u €] 2ol & YER™ 71 & A o2 ot Qi) o) = 9
7] Jgol A o] Ao A7l WA= 3 T T
A& 7P Fasitha 1Ak vk % oju] gt} 71 £jo
WS4 (15%), A A5 (10.1%), BA(7.8%) 0.2 A A5
A& Ao g Fe TSR E UrEP A=

2) AlF- Q15 E(Level 2)9] T 2%

3714 9] 319 =21 AUF 7| G, A%, 71 A E7],
71 FA B Y 470 e g 7FeA] (b)+= 722 0.283,
0.381, 0.152, 0.1842 AA%7](38.1%), AW F71 28

(28.3%), 3714 A #2 (18.4%), 71 AZ71(15.2%) O & 1}
Byt om 87 (A3)E 371 0.117, 11.67% H]%<] 7+
FESFAER F7|EET ol A E] A SHAA A
77 7P T8 1A E AL ok A o] sk AulE Y]
L HA(A2) GA] FF7HEA] 0.086, 8.65% Hl%oi g 4
H

Y5 A AAZ7] o2 S A4 H L ), v
71 A7) (A4) = E317153] 0.47, 4.65% Hl 9] 109 2 4913+
£l 22 7}F X (a)ol] & W& T3 7FE A& Holal sl

A o] 39} LI AAFEH F7F, A, WAL, E FAAA
9] 470 &l tigt 7kE ] (b)+= ZH7F 0.181, 0.341, 0.265,
021308 28(34.1%), ¥ (26.5%), @ #A=43(21.3%), Q1A
FEA FH18.1%) T o2 YElg o A3 (C2)S T
2] 0.07, 6.86%2] H|ZF 2.2 49], WA (C3)E E371E3] 0.054,
542%9] H]F 0 2 792 AH o7 =2 J1EXE Ve A
Eo] XA HoellA] Ago] 7HE FasHA A4 E A ke As
ou)gict. & H44(C4)2 FH7H5A] 0.044, 4.36% Bl 5o=2
129, 1Ale4 27HC)S F871% 0.037, 3.7% u] Zzog
13912 e} g o g e F3A7FXE Holal

FHe] ke gl FHeAd, E A, 74 TrXMFM 3
N el e 7R (b)x= 242 0.42, 0.298, 0.281% 72 2 <
A42%), & A2](29.8%), 74 FA122](28.1%) =22 e}
wom 2 AA(W2)2 F87H=1 0.068, 6.77% 152 59 =

AR FAZHAA £AL fahA7)E 2G9S
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Table 10. Result of AHP - Total weight of indicator

Level 1 Level 2 Total
Concept | Weight(a) | Ranking(a) Indicator Weight(b) | Ranking(b) | Weight(axb) | Weight(%) Ranking
Al. Air quality standards - - - -
A2. Indoor air pollution source 0.283 2 0.086 8.65% 2
Air 0.306 1 A3. Natural ventilation 0.381 1 0.117 11.67% 1
A4. Mechanical ventilation 0.152 4 0.047 4.65% 10
AS. Air quality maintenance 0.184 3 0.056 5.63% 6
CI1. Ergonomics 0.181 4 0.037 3.70% 13
C2. Noise 0.341 1 0.070 6.96%
Comfort | 0.204 2 3. Olfactory 0.265 2 0.054 5.42% 7
C4. Thermal comfort 0.213 3 0.044 4.36% 12
WI1. Water quality standards - - - - -
W2. Water pollution source 0.420 1 0.068 6.77% 5
Water 0.1l 3 [W3. Water treatment 0.298 2 0.048 481%
W4. Water quality maintenance 0.281 3 0.045 4.53% 11
LI1. Light standards - - - - -
Light 0.150 4 L2. Lighting. : 0.210 3 0.032 3.16% 15
L3. Natural lighting 0.574 1 0.086 8.61% 3
LA. Space design 0216 2 0.032 3.25% 14
F1. Physical training using equipment 0.201 3 0.020 2.02% 19
Fitness |  0.101 5 |F% Promotion of health wtilizing indoor-outdoor| 49 1 0.049 4.93% 8
F3. Body activities during commuting time 0.308 2 0.031 3.10% 16
MI. Participation, Information share 0.142 4 0.011 1.10% 21
M2. Welfare 0.252 3 0.020 1.96% 20
Mind 0.078 6 M3. Element of environment 0.342 1 0.027 2.66% 17
M4. Healthcare; physically, mentally 0.265 2 0.021 2.06% 18
MS. Innovation - - - - -
7P T a8HA 148k gtk AE ofv] gt & A E(W3)= 2] 9] 47 fsol of th&k 7kl (b)= 242 0.142, 0.252, 0.342,

E371E%] 0.048, 4.81% B]|F= 0.2 99, 2 G| (W)=
=375 2] 0.045, 4.53% H| =

OS2 11912 YEpsith

0.265% 3k
21(25.2%), %}01 ARAF(14.2%) =

221(34.2%), AAA-AAA 27382 (26.5%), =
ToR UrE}“L ow 37

18174 9 skl a5l =1, Ak A, 37 A1) 371 T QI(M3)& 7154 0.027, 2.66% H| =2 1792 AES o] &
of tigk 7=l (b)= 247 0.21, 0.574, 0.216 0. & 24 5f glof] 9lojA] FA1 Q) S0 o} Bl FHRA, &751 s
(57.4%), &A1 (21.6%), 28 (21%) =02 el o 2 AA 8R0S 7P FasA 18k vk A o n| g}
AFA AN H(L3)S F715%] 0.086, 8.61% H]Z2] 39 = kA
oA P A o= F A 1A=L QLS et OME} g 4 3) Z=qeh
W SHAAE AA87], AUl e T o2 Fa s 14 H EEH AN ATEE 9459 o wel G-SEED| 9414
3 k= Ag o), S ARR1(L4) 2 55L7P?Z] 0.032, o2 Eyshe Wete 2 e oy 22 vl 7] W ES &8
3.25%, 2 (L2)2 87153 0.032, 3.16%2] 715X & H.o] VeAdol d& AL R 7|yt
I e

AA g 519 el Fnjs Z-43 AA s, Ao Eal G-SEED
S 283 A SE, FE IS F83 259 371 5 o) +
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NALF(49%), ZHTAFS &89 835(30.8%), FHE & = eviiéuilﬁifym?iféi:r i
B3k Al (20 1%) o2 Yepgton 2o sa S 283 L1 Light standards

- . A3. Natural ventilation

A A5 (F2)S E37154] 0.049, 4.93% H]ZF2] 89 = A4 Well-being A2. Indoor air pollution source
o2 5 et o] AR o &89 glo]4 A HES O Nowe chtine
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Transportation indoor-outdoor flow of human traffic
2. Energy and
Environmental
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Fig. 4. Insertion of ‘well-being’ indicator in each
relevant section(field) of G-SEED

A5 St Bkl BB ok ALES

A ;=2 ESA 4= 9tk <Table 11>

Table 11. Addition of ‘well-being’ indicator in ‘Innovative
Design(ID)’ of G-SEED

Field Indicator
ID. 1. Land use and |Facility of alternative
Innovative Transportation |transportation

design 2. Energy and Zero energy building

Environmental | Preventing the thermal bridge
pollution in building envelope

3. Material and |Life cycle assessment
Resources Reuse of principal structural parts

4. Water circulating|Reuse of greywater, sewage
management and wastewater

Environmental management of the
green building construction site
Reuse rate of topsoil

5. Maintenance

6. Ecological
environment

Green building  |Involve the green building
professional professional of design
Evaluation through green
building plan, design and review

A3. Natural ventilation
A2. Indoor air pollution source
L2. Natural lighting

Innovation design

Well-being

C2. Noise
W2. Water pollution source
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