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ABSTRACT KEYW ORD
. PO . . o1 4 . XKEIAl Z=EH
Purpose: The number of households with one or two members is increasing. Prefabricated buildings have different =2 ;-I iy ol =
characteristics from ordinary buildings, multilateral consideration is needed when acquiring architectural certification. ?_‘j %%T)"T_fxl sgsa
Among certification categories for large housing complexes, few of them can be applied to small- and medium-sized  ME2A| SMAZMLH 7|Z=

buildings, meaning that it is difficult for these buildings to obtain higher ratings. Hence, it is necessary to consider

introducing certification systems and target ratings for these buildings. Method: It is necessary to identify the

Modular Housing
G-SEED Certification

certification categories for obtaining target ratings and to collect applicable categories and devise an effective strategy Building Energy Efficiency  Level
to acquire certification by considering the technology, workability and economic feasibility. Targeted rating score  Certification

should first consider the mandatory items and items under defined conditions of the project. And then make sure thatthe ~ Seoul Green Building Design Standards
scores are completed with the remaining items. The items are relatively selectable and should be referenced to theirown ACCEPTANCE INFO

weight value. Result: The elements considered in this study can be applied to the design phase, which will enable ~ Received Oct 16, 2018

acquisition of the desired architectural certification and enable construction of low-energy, eco-friendly housing.
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YN UBERQ AFUF Y5 B 47
Reviewing Design Strategy Category Contents
Introduction Building for Conclusion et Light Load Density
ificati ificati ectrica
Certifications Certifications Light Energy Load
Building Energy catfg?r;l(xj':ai:ii o Solar Photovoltaic
Efficiency Level energ .
! Certification o Deduction for Solar Thermal Generation
Background, (BEEL) L__consumption | acquiring Renewable energy :
purpose and Check confents architectural Geothermal Power Generation
method of this under a defined certifications of
study Green Standard for candition modular Fuel Cell
Energy and Categories design housing
Environmental according to
Design(G-SEED) weight value Table 2. Levels of Building Energy Efficiency Level Certification in
Fig. 1. Research flow chart Residential building
Level Annual primary energy requirement(kWh/m2-yr)
1+++ below 60
2. 7d%f—?_|§ IS above 60, below 90
1+ above 90, below 120
2.1. Zjin OI]]:]Z]E%%:H' ?_%—X'"E 1 above 120, below 150
2 above 150, below 190
A2 i aesdE d5AEE A5 A2 AT 3 above 190, below 230
Aol AFAQ FH = AFFe =M A deol w2 5=l 4 above 230, below 270
ofet st 2 mab el A%Eel AT tiE 4L S 5 sbove 270, below 320
317] 915t SEA Lotk ALY AP FERERT A 3095 (4 6 above 320, below 370
_ - _ 7 above 370, below 420
HSAAAREH A 2362) AFHE oUARESH 5 € A=
UAASE %ol e 14, FEBELTA A 2017-763 (41
_ - _ Q) HEOIMNBIIEZIB(ECO2.2016) Verl.2016.327.2300 - [2E7H2] - o x
SAAQRTA A 2017-125) A%E HATE5F A% D A
2R AEE ATl SA T [2].
Bt e ado] ¢Eds, 7 B4 9 ae 59 A4
2452 QIsto] ABHE AHBY PP 2B
oA 4 Qe 7t 5T )5 o Bahe] vhed Ao 1}
1= 5 ghavelod AT A 140)H A 4R A7} o] e e
Lt ~ 7539 & 1094 2 55T 7R B/l 223 "
of Qlejs.e ofd) 187 2ek(Fig 2). 1e)1 ofele] Ei B}
neHo] s thxdel 44 455 ebdth(Table 1.).
a3 YA A7 2 JF5F2 o2 gol] FEHT} BB AW S LU A S RERENY Az iz
[k98r1014] [H]2F] new2908.tpl [2014-04-17 15:32:28] [001ATDDA7113]
(Table 2.). Fig. 2. Assessment program(ECO2)
Table 1. Input Elements of Building Energy Efficiency Level
Certification Assesment Program 2.2. EAAZ AdZAx
Categol Contents - -
e =A% ASA RS A5E| A L Ao] Aok} 0 4
ocation
Aol g7t A MAA =W shAT] 23} & AxEo] 3FAd| o
Building Orientation 12-4 H_EU_L’ 4 o, T ERUs) —L_Q} S 1_1'75 | 750l
Building Form & A= a2 diol B7HE Fol AS529] & 45 St
Insulation Performance £ Aot A&5E9] A4, A, A4, g2 H7] 5 A
Wall and Window
& ) WL PO ouix) B A1) Ak, 0 @R WiEdL, 7
Architectural Window Area Ratio st =5l % = Sl e] 15k ol 2L 4 A =0 Elela] o
Sunshade Form At AT 24 5 A EFS vA= 84 52 FUe] 9
Story Height GAEEN EZ0lG B F, UA d P, e dAY, &
Heat Capacity gk e, fAEe, e, Aued o] 71 dEwore] Bt
Heat Bridge 29 P42 Patete] 53 A5 ek BRI 94Ys
Infiltration Rate 1 A=) 21 1= = =
4 O FRED BEFBOIAL WEA B4 AS 532 2
Heat Production Method == et = s 6 B ol =
Capacity ST 43 Ut & 5 HSFEL Bopd A E Hed
echanica _ - — -
Pipe length wHh ofg O] eSS AFA Y ARE7E S A F
Pipe_Insulation 7489 7717 G2} Bk ek 9 EES Helgh Ao|CHTable 3.
Total Enthalpy Heat Exchanger [4)
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Table 3. G-SEED(Apartment Housing)(2013) [4]

Category Contents Score
Land of the ecological value of
1.1.1 P 2
the existing
Feasibility of the measure to
1.2.1 | prevent interference of daylight 2
right
Community center and facility
1. Land use | 131 space planing 3
and 1.3.2 | Pedestrian road planing 2
transport : -
Outside pedestrian road network
133 . 2
planing
1.4.1 | Proximity to public transportation 2
1.4.2 | Bicycle storage on site 2
1.4.3 | Accessibility of Living Facilities 2
12 M)
2.1.1 | Energy performance (ms:4.8)
%, Hizi 2.2.1 Us1ng re'newable energy 3
] 231 Application of low-carbon energy 3
pollution - sourqe.t'echnology i
Prohibition of the use of special
2.3.2 | materials for protecting the 3
ozone layer
3.1.1 | Flexibility 3
321 Suppress application of 3
™" | household furniture
. 2 (M)
3. Materials 331 | Recycling (ms:0.4)
and 3.3.2 | Reduction of food waste 2
resources Environment-friendly certification
: 3 M)
3.4.1 | product use status for recycling (ms:1.2)
resource o
342 Display of carbon emissions of )
materials
Feasibility of measure to reduce
4.1.1 - 4
rainwater load
4. Water 42.1 Feasibility of measure to reduce 4 (M)
management water. consgmptlon (ms:2.4)
4.2.2 | Reusing rainwater 4
4.2.3 | Wastewater reclamation facility 3
Reasonableness of site
5.1.1 1
management plan
591 Providing operation document 2 M)
5. " | and manual (ms:1.2)
Management | 5.3.1 | Providing user manual 1
5.4.1 | Dwelling area Repair availability 2
5.4.2 | Public area Repair availability 2
6.1.1 | Providing green axis 2
6. 6.1.2 | Ratio of natural ground 4
Ecological .
environgrlnent 6.2.1 | Biotope area ratio (1r£1)s(21\?)
6.3.1 | Biotope planning 4
711 Using low emission product of 6 M)
T indoor pollutants (ms:4.8)
Ensuring natural ventilation
7.1.2 3
performance
713 Ensuring housing unit ventilation 3
T performance
7.2.1 | Installing automatic thermostat 2
731 Blocking performance of )
7. Indoor | lightweight floor impact noise
environment 732 quckmg pelfonnance Qf heavy 2
= | weight floor impact noise
Sound insulation performance in
7.3.3 | partition wall between housing 2
units
Indoor and outdoor noise caused
734 by traffic 2
7.3.5 | Toilet plumbing noise 2
7.4.1 | Percentage of daylight in a unit 4

* (M) means mandatory element.
* (ms) means minimum score.
* Grades according to total score(T)

Greenl : T>74, Green2 : 73>T266, Green3 : 65>T>58,

Greend : 572T250

©Copyright Korea Institute of Ecological Architecture and Environment

3. 43Tx|e dHxQUT &= Y

2 AT A Wl F7 AASE Wder FFFAgeR
2o]1 Q= FHFAE B85t A5t 274 T AFEA A
A& SHOE oA A At Holr vl A 22 RO
A H2 oz oA e Aol FA oIt siF Bl = MEA]
SAAS AATIE w2t A5 U EeSH 35T o, =
MAERNT 453 955 512 AYEQI ofef 3o} 182 4
219 7§ (Table 4.) 2 2 Eolth(Fig. 3.).

Table 4. Architectural Summary of Ga-Yang Field-Test Case Study

Category Contents
Location of the 1467-1, Gayang-dong, Gangseo-gu, Seoul,
site Republic of Korea
Number of
households (1-member: 28, 2-member: 2)
Site area 1,436.0 m?
Building area 371.6 m?
Total building 2,057.9 m’

floor area (Public parking lot: 967.1 m?)
g Reinforced concrete (parking lots),
Ll a modular system (main building)
A multi-unit dwelling (urban-type housing),
Purpose of use neighborhood living facilities,
automobile-related facilities (a public parking lot)
Building G-SEED: Green4
certification Building Energy Efficiency Level Certification:
grades Level 3

o A7t HRol= AS5E oUA] B&5H, 55
% 5= A5 Qo ohat 22 9AE AP

A AZGA NN AFE U2 BE&SH, 5405 154
5859 9 S8 ATHSE A o] 5475 AT AR
ofo| A HAHS o)dE D5loF TF F50] Het rdE S
FH 4 Q= HSE 7R o 2R A5 E olvA] B w
oA H5H FFol 7]5ro] B= 2.2 2 H e okl &
&, Ao Aol A 4 fHe 1LEAol& E wE Hofo] 45
A g}, wpA|ato 2 2] foko] PrigtRoA= AA 9 AlE
oA A AR o7t WG |7 419 B & 7H5A]E A e ot
AZDA ol A7) golet & TR FHol= TP &
g9 £ & s ot 9 gAE UEhd 58k« vt 2ot
(Fig. 4)
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ZEA ABHX|Q HEAF =S50 BT A
- Targeting certification grades H7g o] %?W} o Aol At ]
CRHILL Fees LoD Gl A AZQ1E B ', Ejolg 2 wE' e 11§ AAl8
A Ag o Fof| o5t 4= F5H T 2] 912 E Adefoll tia Bt
Step2 Measurmgiﬁaﬁ?ﬁfééﬁi Pollution’ Zﬁj‘iﬂ% —EOME}. B AZHAE 72 %_%%‘VJQE g8Ed
g FREA el AL AEZA 2] FR7t Gaote 92 Y 224
i A, Y2 ATE 5] FR2 B0 of 291} 71 E A o] AefatA
Measuring ‘1. Land use and Transport” ___Fofditon 742, g s 2 HOJA Ao Bt o] 4= P52 golg Ao
| e o e e e = HE=AS.
il 3.2.1 BEE T A A dAe] e FEL 9
for ol 4 2dlo] 7}F9] AAJH|&-S HrlsHs FEolh. AFAFA <
| Stepd4 | Ete. categories design according to weight |desiger | B
SHEAHE Bofote 3a35dd 2eto] Fe& AX ot 3¢ AlY
Fig. 4. Design strategy for acquiring building certification 247} 7|20l AF5he 7472 57 ok sh ALz} T uHA ol
dHH o2 FFFE A el BHto] 7HE AA|skA] o A
31 A%E AvAadsy 4= %S P17 Qo] APPSRl th B4550) B4R, 4
ASHA e A2Al SRS A2l wet A5E ovA & B3] BrhEoks d4g A WA T AR o 95
&5 358 oA 1| A] &8 190~230kWh/m'yr)& ARZ, Sk A 5o A7t o2l 9] diREo] FEA HEE
FA5S ZRE AGHAH. 191 A5E oA aesae] 37t HTs}7] o]t 5.1.1 AL 1st A o] )4’
AE 580 Q1S BHE F 2.1.1 oA e AHEEA FE2 AFAA 2] [SO14001 EEoHof| oa] o] HF &
7h ok B AZHR 9] A oA Al F AT A5-S F5aA] Got M
PuHA o2 HEE oUAaE&5T B7F 221 ECO2E 4 2 5512 23}
A A DEAG 1 2] Aggre Adi4rt B2 49 2mH
Zo] Ztobz] 1 At Abo]e] T Fatof| o] A7t A& He K 2) W4FE
oF 2| ALt Fs T EollA o v A] vl FFS B T8 LA AZQ 2ol Wir 0 7 Aasfof ol FEo] 7/ 23
G52 Table 1. FollA T A5l A & o Bds, 4595 t}. Table 2.9 AGHE S8 A% Q15 Hopd W&o et A
AT, AXHA, Big), 1, A&, 7|ACNA = (G4 Zd7] AeULe et 2}
HH, 85, 8.8), A7]oAE 2P YR Fo] Atk FA8EL] A¢ HAuHe A5 I5FEL 331 AL psLo] Helg
YRS AMER] gFom W 9 587, 2 Eshh neE 7,421 428 A5 A A B, 5.2.1 29/
FAG AFENAE A A7F, F29 g, ANHE, & 242 A AZY B, 711 AWEN 0 EEE ASE AR
ThgIh e, 3971719 85 2 G-go] ALH RSt Akt & o] AL o] 9t} 2.1.1 YA AL FRe AZE oYX FLEE
AL 717 2.2.1 AABAAAT, 2.3.1 o4ttt 4 wjE A 353 g EE H4E G5t 341 fFadd AEe-L gt
& 5 Qg ghel Aol 9l 8 Ao Al e, B EaE T ARAJNSAF AHEAR FH2 DA ASAE 7F ol 28
Zol TAZ Y F9 ol @2 AP E AHE-sto] 4 st A42 SEGYT 6.2.1 AHHAE FEL 27t F
= 535k Aol Zoto] ARG 52] vl go] LEste] HAHF4+E FEHTt
AZEA ] AS ket T A5 93 2R A= o
oo Ho] Yoo Aljez 30U AR AUAaeeH 5 3.3. 1 9] 5AAERNF FE HE
F 4139 9le] $el@ o AEHSch b WA L Y5 Ao AET AN BRIT B2 9 Bl 4
RIS AL ADATIE VLR ASLDAAHE T g g o BESF) 520 W42 993 WA8L FgoR
B S o AAAAARLAN HAGIA DLE EZFA g 4 g gm Hgow HEs o] BN HHAHY
A-gstginh. Az e A FERES & AFolA FAA Zo| 7}z W Az AL Go|AS AEste] 108k A a4
QI BE PAT A oo & Qlsf At Aol A Zﬂﬂﬂcﬂ‘:} Age AAsAL.
9 AHFES ol AEdE 99uAT A7 14 AL
2245 kWh/m"yrg A= JJUAE&5w 3552 W= 3}1“ A 1) 71%3)
S e R of At el SAAR4E 2114 B AZWAIA 2AREAFS RSFIADL H53}
A FRAA S 1283 7282 AS5EH 7] I3 HE A4 504 AEL BER Sk H5H W4ES
gHitsto] 2|52 Wghole Al o2 2t
3.2. SAAFAF 44 FE AE
) At ATt AT = i ints ‘
Zﬂ?;;?l;@]% AN AL, AFAZA, A BALS} 2O Overall score=2((%)x Weighted value)
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RN R NN FENEE
9] A3 ol 7HEA7E w2 Zobe AT 9= vA o - A1
woll st 2ol T8t BoPd 71eAle R v=A + A fABEE A% FEEQ 4T ST, 29+
QElo] Slet. 7 Hobt AF A4 Yeht AR MALA setst A, AeA i AT @ 4o gold AAHE odnE ¥
7] 130 o= AellA 2obd A 14T HSHe = Heet et 7Fol= wofolth. AFHA A YLl 5ol Boldt FEEE 74
g A Esec, 5o} glek.
Converted oints—M
P Allotedpoints Table 8. Management
Contents Scoring | Achieved
] 5.1.1 | Reasonableness of site management plan 1 0.7
7R o E FAHESet A iAo Agotr] foldt A E 5.2.1 | Providing operation document and manual 2 (M) 2
e E(Table 5.)¢F 3+2E EX(Table 6.)-& th&a} 7t} 5.3.1 | Providing user manual 1 1
5.4.1 | Dwelling area Repair availability 2 1
Table 5. Weight value and conversion score of G-SEED 5.4.2 | Public area Repair availability 2 1
Cate- Maximum Weighted Converted Ease of -
gory point value point application - A4
: . - O SAANAE Z1ERA Y AD AREgo] Fe A7t B A
: 5 5 2] 6 FUA] B9 dA7t Bastel 24BE Sush] gSo] 9
4 15 10 o A S Fo] FEE Hjgo] 2 RoololE B7an Be F4E 9
5 8 5 0.78 @) =5t}
=5 .
6 18 10 0.50 A T
! 28 - 20 095 o Table 9. Ecological environment
* ©=ecasy, O=normal, A=difficult - -
Contents Scoring | Achieved
i 6.1.1 | Providing green axis 2 0
Table 6. Features of each G-SEED category 6.1.2 | Ratio of natural ground ) 05
(éz:;' Issues related to application 6.2.1 | Biotope area ratio 0M) | 25
1 Distinctiveness according to the site location 63.1 | Biotope planning 4 0
Large energy consumption per unit floor area, and a large _
2 window area ratio - *E]IH%]'%‘
> Matortas cun bo selectol In the Cosn phise A2 yrol A Yol A3, 447 BE WgEER 3
is difficult to install groundwater facilities on the smal o o . .
4 | building area. gEo] At 25 9 AFoll FoFote] sl digt Ha F50]
5 Easy to repair, and a manual is available. A oot AYE7 A, AAEEZSE IS FHE B
6 Difficult to devote to landscaping in downtown
AAZ F =5t
7 Structurally vulnerable to noise 42 A5,

AEFY AFA7} £ OWA AFTUA ] 2G| §olT PR
TEACR 9 W, 3 s WAL, 5 fAE, 7 AUeE
o= FErh AZHANE 3. A2 LAY, 5. §AB Y
B BE] o) 197 AALLE WFH 0 Agote] 4T
355t Zo] T Ao AR,

2) 2ord 2§ A}

- Az gAY

e qfuel oa 4% WHAE A5 G2 Aol Akl
Bonz AFAt &1 Age] FoIgt FRe|A 42 055}
= o s At
Table 7. Materials and Resources

Contents Scoring | Achieved
3.1.1 | Flexibility 3 3
3.2.1 | Suppress application of household furniture 3 0
3.3.1 | Recycling 2 (M) 2
3.3.2 | Reduction of food waste 2 0.8
341 Environment-friendly certification product use 3(M) 24
status for recycling resource

3.4.2 | Display of carbon emissions of materials 2 2

©Copyright Korea Institute of Ecological Architecture and Environment

Table 10. Indoor Environment

Contents Scoring | Achieved
Using low emission product of indoor
L pollutants 6 (M) 6
7.1.2 | Ensuring natural ventilation performance 3 1.2
713 Ensuring housing unit ventilation 3 24
performance
7.2.1 | Installing automatic thermostat 2 2
73.1 Blocking performance of lightweight floor 2 05
impact noise
732 Blocking performance of heavy weight floor 2 05
1mpact noise
Sound insulation performance in partition
733 . - 2 1
wall between housing units
7.3.4 | Indoor and outdoor noise caused by traffic 2 0
7.3.5 | Toilet plumbing noise 2 2
7.4.1 | Percentage of daylight in a unit 4 4
34, A%A% =27
9 HEWEES vFer 45079 34 dAa4E A
$olo] BESHE FFL A5G 232 AUk HADZ A5
A AEHS 507588 A5t ISFAVSDE BS54}
AL, AFE oUA GesadlAde A7 13UA L8]
2245 kWh/nt' - yro 2 A2 E 0] 3552 55ttt ASHA 9
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ZYA AETXY HEAE G S0| BE A4
22013 9= 44 Ashe e 2, GAe] e, 132 B4 U] A} BEEE 240 SR 1
| efte
Table 11. Building certification results of Ga-yang field test case study
Maximum q Total . o
Caegory | MR | Acieved | Comvert | (50 - oi7ie] PARE 1% BAFEo] 44 SHA0R Tl
L Land we and | g s | s | s 1 G4SN HAHS ol AST 4 JES ek 331
s AEL FsA R BaAGA, 421 AL A4 A7 A B
2. Energy and 21 8.4 10.00 A 59 ol 0] The] A W 72 Aol B 7 11 Al
pollution : ’ q, 5.2.1 29/4AE B4 D A-H AwY A, 711 A
S Maeras 1 | . | 10n | om0 $719.92 AYE AR 48’ 5L o3} 4] Hol
resource 29.35 2= 8lEo0] Lo]3t 7 0 2 eI
4. Water 15 8.4 5.60
management
5. Management 8 5.7 3.55 - Um2] grhEoks 7HEA], A8 8ol 52 HESI H4E
6 Ecologi 18 P T SS9 4 QES Fok 6. AHRY Boke A7 Yashy 274
nvironment 1o = = ‘
o 2718 sy YEFRA o] A0 W4 H50] ofzlgn 7. 4
- oo 28 19.6 14.00 | 14.00 S e AT A AGEZSE 57 AH% o H 2 28 v 7 2
Environment e 2 AWE714d, a5, 871445 S E Fof 5l F
Total score 50.75 =2 HA4E 95 4 At
G-SEED Grade Greend
Annual primary energy requirement 224.5kWh/m’ - yr H A3 2013d A== 7|ZFo 2 o|FAAL A 2HA F
Building energy efficiency level grade Level 3 B gl t}okst AT 0 2 2]oj 2] ZE] o] AZolZ FES 13Tt
o 2t 7o) BEFE) tg 9% B} 710l vlg Hol 99l
4. A= o}, ofo]] 23 ¥l AFAFAE WA Al et did= Leiste]
A0 W7l ss THels oo A7} ols| Aol & Aoz A
B oA o] A vl o 2 234 FH 9] A%01% HE gg wh
A Aot thaa Ao, YA FEL 71e4, A5A, AA
4g B getstel AR A HAF BHE AFSHAA A Acknowledgement
3518 2 Asklor b TS 7H T Q. 247 Al
- = A=
F 852 o8 AT 4 Yt £ Suolet Akt A7} 3} 2 A7 = FRLTR AR FRATAII S U Ay
QoA S S of 5l o127t BR=2S stolgof 517 1o Tk A ot wEyg 294 FE 7eqd 9 AFHR] 157 A1t
of YA FEY BRSF ASS AP A4 PsR AARes ST (HES L 17AUDP-C068883-05)
ofst= Zo] B sttt 121 o2 7k A& S FAlol A& 7
S0 28g FEstel B A% S AL $Yohe Ao] B Reference
3¢, _ [1] B3], ko], ole, Ful TEFAS Sax BEA T A
A ol thA] 7 B oF AT 27t 2A AL E= 5 A @, AR AE}E] =7, 2012, p299~302 // (Han, Jee-Hee,
J— - Cheong, So-Yi, Lee, Young-Hwan, Current Status of Consumer
L0 HAAE JEJF A O Wy Q AT FO]E 2~ 0) g, > > g ,
o et w2 “_TE A5Y 5 e WteavtEdE 0 Customized Design Applied to Domestic Apartment Houses, Journal of
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