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Abstract

This study creates the evaluation criteria to analyze the CO, emission quantity in the complex of apartment house
among domestic buildings and proposes how to calculate the CO, emission quantity by the only simple information of
apartment house. The study shows that in order to create the index of carbon emission evaluation criteria, CO,
emission quantity for its input materials in these 27 apartment houses are 445412g-CO,/m* for apartment building,
474,322g-COy/m* for the basement parking lot, 483,523g-CO,/m* for welfare facility, 729,957g-CO,/m* for sales facility,
743,560g9-CO,/m" for other facility, 26,782g-CO,/m* for public facility, 43,659g-CO,/m* for landscape, 1,113g-CO,/m* for
indoor facility, 11,251g-CO,/m* for outdoor facility and 891g-CO,/m* for common temporary based on the average CO,
emission by facility. We can also see the analysis data that in case of using the selected factors only, the rate of error
is 7.51% comparing with the emission quantity by using simplified LCA method this study suggests for the whole range
of apartment houses and the rate of error is average 3.24% using selective and main materials. And this it is evaluated
that we can get the result which is similar to the actual CO, emission quantity with only the simple information about

the apartment house.
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Fig 1. The evaluation criteria of carbon emission and the Assessment
method
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Table 1. Classification standard of construction statement

Facility Name | Construction c’\g?;g :252:1 tem;?f;m Public Works lern pm
Apartment (] o [ J
Underground parking| o o (]
Welfare facilities [ ) [ ) (]
sales facility [ ) [ ) [
Other Facilities [ ] [ ] [ J
public works [ J
Landscape ®
Indoor facilities [ )
Outdoor facilities [ ] [ )
common temporary [ )
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Fig 2. CO, emissions of apartment complex facilities
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Table 2. Full scale LCA result of apartment complex facilities
Num | Apartment the actual co, emissions by Apartment Complex(ton-CO,)
lex N Underground | Welfare - Other : Indoor Outdoor common
ber | Complex Nare | Apartment parking facilities sales facility Facilities Landscape | public works facilities facilities temporary Total
1| SWndl | groas | 14734 678 300 815 1,360 1217 66 1051 60 4752
Gwangju
2 | hakedong 42,999 6,938 169 441 908 1,188 1,768 99 530 194 55,234
Gimje
3 | gyo-dong 19,229 2,708 134 238 310 725 2,426 44 167 58 26,039
Nam
4 | uncheon | 32713 12,824 585 144 299 1,109 545 79 441 17 48,756
5 Rn%ejgl?: 16,719 6,171 304 360 58 641 1,312 45 201 2 25,833
6 BJ:’SST 22,389 6,130 891 278 263 1,182 1,941 61 689 107 33,931
Sacheon
7 | yonghyeon | 17708 4,450 463 258 237 647 1,251 39 484 44 25,581
Suwon
8 | Gwang-gyon | 28980 6,992 494 314 519 1,738 2,050 70 533 43 41,739
Suwon
9 | gwang-gyon | 25922 12,983 557 124 40 1,158 2,532 59 - 47 43422
Suwon
10| pomaesil 25,127 6,118 355 195 532 956 1,236 68 - 55 34,642
Anyang ]
U | gwanyang | 59113 16,597 1,263 254 165 1,391 3,055 118 68 82,024
12 \g(:r'c?fg,']‘ 16931 | 5333 700 261 211 894 3,016 60 535 35 27,976
Yeongcheon
13 mang-jeong 13,725 3,213 454 103 22 648 1,814 45 210 40 20,274
Yongin
14| ocheon | 16678 3,382 95 177 379 559 942 49 316 51 22,628
15 | o 24231 | 8659 636 385 41 864 1383 63 321 43 36,626
angeo
16 U;)"(‘)"'"I’I‘g 17,489 4,400 545 704 382 762 1,110 53 89 33 25,567
17 | _Incheon 57139 | 19,420 1,035 386 128 1,821 1,573 109 - 58 81,669
seo-changA ' ! ’ ) : )
Incheon
18 seo-changB 43,173 12,999 0 349 201 2,218 1,563 86 - 37 60,806
Incheon
19 | young-jonga | 17227 7,711 680 243 388 1,111 1,180 50 - 41 28,631
Incheon
20 | oungrongs | 1855 8,474 612 256 452 861 1,427 49 - 41 30,728
Incheon
2| heongra | 73358 28,030 1,012 642 881 3,070 3,705 155 893 66 111,812
Jinju
22 Pyeong-geo 40,526 9,762 702 309 302 1,166 1,109 82 512 68 54,538
Jincheon
B | pyeogam 15,261 1,694 652 162 110 515 1,594 47 436 34 20,505
Changwon
24| pongnima | 1749 4,157 489 312 282 925 1,488 55 283 43 25,527
25 | ChANOWon | a3005 | 9080 511 220 757 1,055 1577 73 372 50 47,307
bongnimB
26 Paju 35,782 8,788 838 262 142 1,508 1,403 75 533 56 49477
un-jeong
Pohang
27 | jangnyang | 24599 3,621 113 276 248 1,245 2,198 80 - 54 32,374
82 Journal of the KIEAE Vol 13 No. 5 2013.10
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Table 3. CO, emissions per unit area(/ ) of apartment complex
facilities

Facility Name CO, Emissions(g-CO,/nt)
Minimum Average Maximum
Apartment 340,308.0 4454122 585,998.0
Underground parking 360,389.8 474,322.4 734,481.4
Welfare facilities 164,745.5 483,523.8 1,025,147.1
Sales facility 1414,562.1 729,957.0 1,529,522.0
Other Facilities 45,385.6 743,560.3 1,594.627.6
Public works 18,874.7 26,782.2 35,845.5
Landscape 13,157.9 43,659.0 90,331.3
Indoor facilities 911.1 1,113.4 1,329.7
Outdoor facilities 3,413.7 11,251.8 20,699.5
Common temporary 236.0 891.1 2,173.7

3% unit area standard
o Apartment, Indoor facilities, Common temporary :
area
® Underground parking, Welfare facilities, Sales facility, Other Facilities :
each facility gross area
® | andscape, Public works, Outdoor facilities :

apply apartment gross
apply

apply ground area
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Table 4. CO, emissions per unit area(/ ) of option materials

divisio]  Main c0,
n Cateqo Sub Category Details Emissions
) gory (g-COy/ i)
Miscellaneous . UBR 8,733
; Bathroom kinds
construction Wet Corrosion 12,296
Built-in Fumniture Less than 2 set 2,788
Furniture type 3~ 5 set 8,622
construction | (Kitchen fumiture is
excluded) More than 6 set 14,629
. Basic 93
Masonry Attachment internal Granite 972
stone type
Marble 1,616
Interior Living R - Vinyl Carpet 1,540
finishing ving Fir?ic;;n oor PVC floor 2,544
work Plywood floor 4,486
Duplex layer Glass | 5,439
Archit | Glazing work Glass types Low-E duplex layer
9,832
ectural Glass
Metal tiles 1,397
Eleme| Roof work |Roof waterproofing W © asonal
nts | Gutter work Type aterpf"o asphalt 3,224
singles
Basic 5,231
il Terrazzo tile 2,310
ile . ——
construction Apply tile Type P'on.1t TI|? 977
Polishing Tiles 211
Marble Tile 1,985
Mlscellangous Shower booth Installation 1,679
construction
Metal_ Metal Ornament Installation 1,911
construction
. Outer insulation Application 15,843
Reinforced ;
. Winter 2,383
concrete Placing concrete -
construction period Spring and summer 0
and fall
Plumbing . Sink savingwater 924
fixture work Add optional Softwater 1,240
) Dishwasher 1,891
Eg:r']? Sewage/ Add optional Gas oven 1,012
drainage Food Dehydrator 229
works Ventilation system | 2,945
Eleme Ventilation system Ao S ;
nts Ventilating opening 37
Heating / District heating 2,874
Hot Water | Heating System - .
construction Individual heating 4,128

E AEA
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Table 5. Result of selection of main materials

The result of main material selection in 27
apartment complex
division, Materials .
Average COy - ying of ; ;
emissions | e ction Detail construction
(9-CO/ni)
High Strength steel . |Reinforced concrete
1 reinforcement 136,346  [Construction work
2 Pile 13,905  |Construction| Foundation practice
Super strength steel .| Reinforced concrete
3 reinforcement 22,803  |Construction work
4 Remicon 66,358  |Construction Reinforced concrete
work
5 GANGFORM 9,161  |Construction Remfor\cNegrkconcrete
6 Windows 15,546  |Construction|  Joiner's work
. Digestive
7 Assembly PD 10,555  |Construction Corporation
Apa
rtme| 8 | Plastic windows 1,659  |Construction|  Joiner's work
nt
9 | Household door 4,545  [Construction|  Joiner's work
10|  ALFORM 16044 |Construction| Reinforced concrete
] - - Kitchen tool
11 | Kitchen Furniture 8,758  |Construction construction
12| EUROFORM 1483 (Construction| Reinforeed concrete
13| Metal windows 3,970  |Construction|  Joiner's work
14 Dry mortar 11,422 |Construction Plasterwork
15 Cement 8,781  |Construction Plasterwork
1 Remicon 139,515 [Construction Reinforced concrete
work
Super strength steel . |Reinforced concrete
ond 2 reinforcement 128,658 |Construction work
erar High Strength steel .| Reinforced concrete
ougn 3 reinforcement 69,258  |Construction work
d -
park| 4 | Parking deck plate | 55224 |Construction Remfort\:lsgrlfoncrete
ing - -
Reinforced Truss .| Reinforced concrete
5 plate 42,598  |Construction work
6 Pile 34,993  |Construction| Foundation practice
84
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Table 6. Basic unit of CO, Emission per unit area of common
materials in apartment building

- Main . CO, Emissions
division, Category Sub Category Details (g-COy/n)
Rent 367,202
Sale form -
Sale 438,307
Less than 65nf 378,012
Apartment Rent
Average More than 65nf 351,760
household
area Less than 120nt 437,072
Sale
More than 120nt 440,779
Underground parking 474,322
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Table 7. Analysis result of apartment building information
N . Reinforced " Heating /
masonry interior finishing | - glazing Roof work Tile construction concrete Plurbing Sewage drainage works | Hot Water
work work construction fiture work construction
Avera| Num
Apartment ge ber Show|Metal lacin!
o] Commlex | s Bamom o duple o bt o o i Ventil, 2. indivi|Distri
i i it A i
rame gfelg Fﬂ;g't Bt Grani marbl| Vinyl| PVC PI())/\é\n X | duple|Metal asphal BaSiCTle(;aZ Point P?I!'ShMaml bootr mer i%ﬁfar 0?Ecresavingsoflv\/aDis Gas Seoﬁfd ation \;%r:]tll dual | ct
ICe | e (Carpet floor fl layer| x |tiles| t 20 | Tijg | 1N 1o Tijg : - lwater| ter |asher|oven syste 9 heatin|heatin
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Table 9. Assessment result of CO, emissions in apartment complex
Full Scale LCA - — Simplified LCA - - — Error rates
Num|  Apartment Optional Application Select and main materials Application _
ber |Complex name| Apartment Ungzrrgir::nd All Facilities | Apartment Ung:rrlgirrc]):nd All Facilities| Apartment Uns::girr?:nd All Facilities Optional selectm?er:?alswam
- (ton-COy) (ton-CO) (ton-CO) | (ton-COy) (ton-COy) (ton-COy) | (ton-COy) (ton-COy) (ton-CO;) | Application(%) Application (%)
1 f;’f;”g‘n“ 27245 | 1473 | 47526 | 27435 | 13929 | 47248 | 26774 | 14481 | 47,139 058 0.81
Gwangju
2| o | 2999 6,938 55234 | 44124 | 7245 | 56714 | 42029 | 68%6 | 54210 268 185
3 q\z";‘é‘;q 19,229 2,708 26,039 | 1588 | 1749 | 20517 | 19,602 | 2689 | 25231 2121 3.10
4| Nem 32713 | 12824 | 4875 | 35770 | 16221 | 56805 | 32419 | 13239 | 50473 1651 352
chunc_heon
5 i‘ie‘:lf: 16,719 6,171 25833 | 15397 | 4814 | 23291 | 16003 | 580 | 24884 9.84 368
6 'i:’ssz” 22,389 6,130 33931 | 24878 | 6612 | 36385 | 22560 | 6203 | 33658 7.24 0.80
Sacheon
7 17,708 4,450 25581 | 16876 | 4417 | 25052 | 17579 | 4509 | 25847 207 104
yong-hyeon
g | Suwon 28,986 6,992 41,739 | 34215 | 7593 | 47423 | 20022 | 7181 | 41818 1362 0.19
Gwang-gyoA
g | Suwon 25022 | 12983 | 43422 | 22042 | 13203 | 39795 | 25697 | 12442 | 42,690 8.35 1.69
gwang-gyoB
10 hi:q";g;‘” 25,127 6,118 34642 | 23806 | 6026 | 34143 | 25887 | 6061 | 36,259 144 467
| AW | se113 | 16507 | 2024 | 54804 | 17515 | 78324 | 56628 | 16542 | 7975 451 347
gwan-yang
2 Zgrlf:: 16,931 5,333 27976 | 18973 | 5142 | 27820 | 17490 | 5281 | 26486 052 533
13| Yoonocheon | o oos | 3213 | 20274 | 15663 | 3586 | 22208 | 15099 | 3258 | 21315 954 513
manq-]e_onq
14| Yondin | 6678 3382 2628 | 18006 | 3508 | 24782 | 18057 | 3431 | 24755 9.52 9.40
seo-cheon
15 bﬁ'ns(fe"o 24,231 8,659 36,626 | 23935 | 8879 | 36669 | 25335 | 8864 | 38054 0.11 3.89
16 U")"(;’al'l‘g 17,489 4,400 25567 | 19352 | 5453 | 28025 | 17.671 | 4597 | 25488 9.61 031
17| Imeheon o9 | 19420 | suee | 49863 | 16050 | 73932 | 54894 | 19678 | 82,591 9.47 113
seo-changA
1g| Meheon 1 s 173 | 12099 | 60806 | 39531 | 13248 | 60710 | 40625 | 12650 | 61207 0.16 0.66
seo-changB
19| neheon 0500 7711 28631 | 19211 | 9314 | 33301 | 18157 | 7966 | 30,899 16.30 7.92
young-jongA
20| 'ncheon | ceg 8,474 30,728 | 18826 | 11,154 | 34095 | 18971 | 8452 | 31539 10.96 264
young-jongB
21 C:'ecohne;’:a 73358 | 28030 | 111812 | 68644 | 23742 | 102037 | 72040 | 27,831 | 109,522 8.74 205
22| Jnwu 40,526 9,762 54538 | 36539 | 10432 | 52105 | 37,708 | 10079 | 52922 446 296
Py_eonq—qeo
23| Jincheon |0 o6 1,694 20505 | 16378 | 1560 | 21,09 | 15105 | 1712 | 19,975 288 259
byeog-am
24 | ChANGWON |2 o 4,157 25527 | 20467 | 4361 | 28825 | 18768 | 4201 | 26,966 1291 563
bongnimA
Changwon
25 \ 33,702 9,080 47307 | 33534 | 8932 | 47307 | 32758 | 8784 | 46382 0.19 214
bongnimB
Paj
%) e’;’ng 35,782 8,788 49477 | 3193 | 8699 | 46868 | 35668 | 8662 | 50565 527 2.20
a7| POMaNg o) ga 3,621 32374 | 2799 | 3932 | 36913 | 26489 | 3673 | 35150 14,02 857
Jang-nyang
(2) F&5FY DA gt 54 HERTE T3 CO, MiE% (3) AA=A AdaxA] L FEXA tigk CO, &L
2 AET F A= HHS AAFAY. oS s otu DBE F#&3t3 oM, o]& &83te] CO, HiEHS 4=
E 9 X3}F3Ae] EUAANE oz Aelxa 9 399t} Simplified LCA WS o] &3k CO, v &4k
FTEAAZE BERIFeH, FFAAY AF @At E2 AYQATS o] 83 A9 FaAANA &&
AUid ez WHslgFo] & AAE FLAAZ, UM A Z sty A&t F 7R A %o s 35k
AE 7 AANZ A olste] B{FIIA T ol EF AL
AS FoAAE F 6FTFE AAHFHJLH, AsF3} A QAT o] &3 CO, WIS B4 23 &2 A
Ao AS 8FHE AAHAT 3 A EEFe o8& Ao 21.21%, H 4 0.11%, B
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