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Analysis regarding the Environmental Impact of the Life Cycle
of Housing Complexes in Korea

Choi, Doo-Sung', Jeon, Hung—Chan®, Cho, Kyun—-Hyong®

"Department of Building Equipment & Fire Protection System, Chungwoon University
“Department of Architectural Engineering, Suwon University

Abstract : This study on condominium complex will adopt the quantitative assessment of the influence on the
environment throughout the entire life cycle of buildings. This paper applies input-out analysis in order to analyse
embodied energy regarding input of materials at material production phase. Also, it calculates environment load at use
and demolition and destruction Phases of buildings as analysing energy consumption. The study categorises environment
load as six impact categories and undertakes environmental impact evaluation. The consequence shows that the
environment load of multi-unit dwelling takes up 88.2% out of the entire environment load of condominium complex.
Also, as a result of analyzing the environmental impact of the life cycle of condominium buildings, it was found that
such environmental impact comprised of about 11.96% of all industries in Korea that had an environmental impact.
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Fig. 1. Building energy consumption calculating method
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Table 1. Input and output materials of system phases
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: Material Construction phase Use phase Demolition and destruction phase
C Unit . Impact
ategory production : _ : » : . ) .
(E-fu) phase | Construction | Transportation | Management | Maintenance | Demolition | Transportation| Landfill Incineration category
Anthracite kg [ - — [ - - - —
Bituminous| kg [ - - [ - - - -
NG m ) - - ° - - - -
Gasoline )/ [ [ ([ ] [ - - - -
Jet Fuel )/ [ J - - [ ] - - - - Inanimate
Input energy | Kerosene JJ [ ] - - [ ) - - - - resource
Diesel ) [ ] [ ] ) ° Y ° ° ° depletion
Fuel Oil J/ [ ] - - [ J - - - -
LPG kg [ ] - - [ - - - -
Electric KWh _ ° _ B _ B _ °
power
Creation of
CO g—-CO [ J [ [ ] [ [ [ - [ J photochemical
oxidants
co2 |g-CcO2| @ ° ° ° ° ° - ° Global
warming
Creation of
photochemical
SOX g—SOX [ ] [ ] [ ] [ ] [ ] [ ] - [ ] oxidants,
Acidification,
Environmental Human toxicity
load Creation of
photochemical
NOX  |g—NOX [ ] [ ] ° ° ° ° _ PY o.xw.d.am.s,
Acidification,
Eutrophication,
Human toxicity
Acidification,
NH3 9=NH3 * ® N o o N N o Eutrophication
CH4 g—CH4 - - - _ _ _ S _ Glopal
warming
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Table 2. Information on the analyzed Condominium complexes
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Total Floor area ()

) Land No. of
Category Complex location area(rs) | Condominium | Underground Welfare sales Other buildings
buildings parking facilities facility | Facilities
1 Seonwoon—dong, Gwangju city 50,771 65,635 29,365 1,424 492 749 iR
2 Hak—dong, Gwangiju city 44,363 89,148 15,273 9 929 569 8
3 Dang—dong, Gunpo city 36,593 73,652 27,871 1,298 376 1,076 9
4 Gyo—dong, Kimjae city 27,061 39,938 3,687 620 191 283 8
5 Toegye—dong, Chuncheon city 41,404 70,546 34,198 1,836 204 342 10
6 Noeun—dong, Daejeon city 23,934 36,446 10,149 797 358 545 7
7 Jisa—dong, Busan city 44115 59,760 13,939 1,159 486 344 8
8 Yonghyun—myun, Sacheon city 32,093 41,045 9,312 1,054 453 287 8
9 Maetan—dong, Suwon city 48,482 68,104 16,007 1,270 542 682 9
10 Eooi—dong, Suwon city 43,224 52,680 27,835 803 148 560 1
11 Homaesil—dong, Suwon city 35,702 60,699 12,703 1,044 288 749 11
12 Gwanyang—dong, Anyang city 51,939 106,162 16,181 1,007 183 502 13
13 Gacheon—li, Yangsan city 33,383 45,658 10,840 1,035 228 306 8
14 Mangjeong—dong, Yongcheon city | 24,196 39,974 7,561 874 159 486 8
15 Seocheon—dong, Yongin city 29,019 45,671 7,396 577 224 486 8
16 Bangeo—dong, Ulsan city 32,276 56,336 18,719 1,229 641 57 8
17 Poil—dong, Uowang city 26,039 39,725 11,496 779 460 404 7
18 Seochang—dong, Incheon city 82,827 76,944 33,837 1,916 854 967 13
19 Seochang—dong, Incheon city 67,996 97,507 27,929 88 766 550 17
20 Woonseo—dong, Incheon city 41,481 45,355 19,636 1,294 337 570 8
21 Woonseo—dong, Incheon city 32,160 44,446 23,5614 1,375 353 640 8
22 Cheongra—dong, Incheon city 88,040 136,420 50,055 1,458 932 1,075 22
23 Pyunggeo—dong, Jinju city 43,551 73,668 21,992 1,577 537 369 13
24 Byukam—dong, Jincheon city 27,276 37,831 3,289 1,361 196 69 8
25 Bonglim—dong, Changwon city 39,390 65,810 9,194 878 536 348 9
26 Bonglim—dong, Changwon city 34,550 48,999 18,831 1,830 287 532 il
27 Woonjeong—dong, Paju city 54,701 82,170 18,340 1,475 666 305 13
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Table 3. LCIA output results
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Impact List load coefficient value coefficient value Weight impact
category (PE - yr) (PE - yr)
a b axb=c d c--d=e f exf=g
1.00E+00 4.61E-083 4.61E-083 2.49E+04
Anthracit 1.85E—-07 2.31E-01 4.28E-08
ninracte (g-E) (yr) (9—E/yr) (9—E/PE.yr2)
) . 1.00E+00 4.61E-03 4.61E-03 2.49E+04
Bituminous| "0 i) i 0-E/PE.yr2) 1.85E-07 | 2.31E-01 | 4.28E—08
1.00E+00 1.67E-02 1.67E-02 2.49E+04
LNG 6.71E-07 2.31E-01 1.55e-07
(9—E) (lyr) (g—E/yr) (9—E/PE yr2)
1.00E+00 2.04E-03 2.04E-03 2.49E+04
Gasoline 8.19E-08 2.31E-01 1.89E-08
' (g-E) (/y) (g—E/D (g—E/PE.yr2)
) 1.00E+00 1.61E-03 1.61E-03 2.49E+04 _ _ B
Irrweasnowzﬂritee Jet Fuel (0-E) (y) (G—E/yr) (0—E/PE y12) 6.47E-08 | 2.31E-01 1.49E-08
) 1.00E+00 2.36E—-03 2.36E-03 2.49E+04
deplet K A8E— 2.31E— 2.19E—
epletion erosene (g—E) (y) (9—E/yn) (g—E/PE.yr2) 9.48E-08 31E-01 19E-08
1.00E+00 6.11E-03 6.11E-03 2.49E+04
Diesel 2.45E-07 2.31E-01 5.67E—-08
1°se (g-E) (yr) (9—E/yr) (g—E/PE yr2)
1.00E+00 6.03E-03 6.03E-03 2.49E+04
Fuel Oil 2.42E-07 2.31E-01 5.59E-08
uer (9—E) (lyr) (g—E/yr) (9—E/PE yr2)
1.00E+00 9.19E-04 9.19E-04 2.49E+04
LPG 3.69E-08 2.31E-01 8.53E—09
(g-E) (lyr) (g—E/yr) (g—E/PE .yr2)
Electric 1.00E+00 1.02E+00 1.02E+00 2.49E+04
power (kwh) (g—E/yr - kWh) (g—E/yr) (g—E/PE.yr2) 4.108-05 | 2.31E-01 9.46E-06
1.00E+00 1.00E+00 1.00E+00 5.53E+06
2 B1E— 2.88E— 21E—
Global warming co (g—C02) (gCO2—-eq/g—C0O2) (gCO2—eq) (g—CO2—eq/PE.yr) 1.81E-07 88E-01 5.21E-08
1.00E+00 2.10E+01 2.10E+01 5.53E+06
H .80E— 2.88E— .09E—
cH4 (g—CH4) (gC0O2—-eq/g—CH4) (gCO2—¢q) (g—C02—eq/PE.yr) 3.80E-06 88E-01 | 1.09E-06
1.00E+00 2.70E-02 2.70E-02 1.03E+04
Photochemist co (g—CO) (gC2H4—eq/g—CO) (gC2H4—eq) (g—C2H4—eq/PE.yr) 2.62E-06 6.508-02 1.708-07
istry
) 1.00E+00 2.80E-02 2.80E-02 1.03E+04
ges:gzon NOX' | (g-NOX) | (gC2Ha—ealg—NOX) | (gG2H4—eq) | (g-CoH4—eqiPEyy | 225700 | 650E7021 1.77E-07
1.00E+00 4.80E-02 4.80E-02 1.03E+04
Sox (g—SOX) (gC2H4—eq/g—SOX) (gC2H4—eq) (g—C2H4—eq/PE.yr) 4.66E-06 | 6.50E-02 | 3.038-07
1.00E+00 7.00E-01 7.00E-01 1.31E+04
NOX J34E— .60E—-02 92E—
© (@-NOX) | (gS02-ea/g-NOX) | (g802-eq) | (g-SO2-eqipEyy | °E70° | 300E-02) 1.926-06
1.00E+00 1.00E+00 1.00E+00 1.31E+04
Acidificati X .63E— .60E-02 2.75E—
cidification SO (g-SOX) (9502—60/g—SOX) (aS02—eq) (g—S02—eq/PE.y1) 7.63E—05 3.60E-0. 75E—-06
1.00E+00 1.88E+00 1.88E+00 1.31E+04
NH A4E— .60E-02 ATE-
3 (g—NH3) (9S02—-ea/g—NH3) (gS02—eq) (g—S02—eq/PE.yr) 1.44E-04 3.60E-0 5.176-06
1.00E+00 1.30E-01 1.30E-01 1.31E+04
Eutrophication NOX (g—NOX) (gPO4—-3-ea/g—NOX) | (gPO4—-3-eq) | (g—PO4—3—eq/PE.yr) 9.928-06 | 3.80E-02 | 3.77E-07
1.00E+00 3.50E-01 3.50E-01 1.31E+04
NH3 (g—NH3) (gPO4-3—ea/g—NH3) | (gPO4—-3-eq) | (g—PO4—3—eq/PE.yr) 2.67€-05 | 3.80E-02 | 1.02E-06
1.00E+00 1.20E+00 1.20E+00 1.48E+06
Human toxicity NOX (g—NOX) (91.4DCB—eq/g—NOX) | (g1.4DCB—eq) | (g—DCB—eq/PE.yr) 8.11E-07 | 1.056-01 8.51€-08
1.00E+00 9.60E-02 9.60E—-02 1.48E+06
X A9E— .05E— B1E—
SO (g—SOX) (g1.4DCB—eq/g—S0OX) | (g1.4DCB—eq) | (g—DCB—eq/PE.yr) 6.49E-08 | 1.05E-01 | 6.81E-09
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Table 4. Average environmental impact in material
production phase (pe - yr/m*)

Category | Building |Mechanic| ESCUC& | o andscape | Total
communication
Condominium| 2.62E—02 | 3.91E-03|  9.89E—04 - -
- 3.11E-02
buildings | 84.25% | 12.57% 3.18% - -
Underground | 3-25E—02 | 9.16E—-04|  3.04E-04 - -
i 3.37E-02
parking 96.38% | 2.72% 0.90% - -
Welfare | 2.97E—02 |3.51E-03| 1.92E—03 - -
" 3.51E-02
facilities 84.52% | 10.00% 5.48% - -
5.06E—-02 [1.62E~03| 1.90E—03 - -
Sales facilities 5.41E-02
93.50% | 3.00% 3.51% - -
Other | 4.88E—02|1.51E-03| 3.81E-04 - -
o 5.07E-02
Facilities 96.28% | 2.97% 0.75% - -
8.43E-05|6.17E-04| 6.97E-04 |2.92E-03| 1.73E-03
Common part 6.05E—03
1.39% | 10.21% 11.52% 48.28% | 28.60%

% Unit area standard : Total floor area of each facility but, Common part is
land area.
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Table 5. Average environmental impact in construction
phase(pe - yr/m?)

Category Diesel Gasoline Electric Total
power
ini 4.86E—04 1.60E-05 -
Condp@mum 502604
buildings 96.81% 3.19% -
1.01E-03 4.00E-05 -
Underg‘round 1 05E—03
parking 96.19% 3.81% -
1.25E-03 4.78E-05 -
Welfare 1.30E-03
facilities 96.33% 3.67% _
6.94E-04 3.32E-05 -
Sales facilities 7.27E-04
95.44% 4.56% -
1.16E-03 4.17E-05 -
Other Facilities 1.20E-03
96.53% 3.47% -
6.98E—05 3.68E—06 4.38E-04
Common part 5.11E-04
13.66% 0.72% 85.62%

% Unit area standard : Diesel&Gasoline is total floor area of each facility
but, Common part is land area. Electric power is land area.
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Table 6. Average environmental impact in use
phase(pe - yr/m* - 30yr)

Hot
Heating water
supply

Electric
power

Category Maintenance| Total

Condominium | 3.68E-02|1.49E~02|3.23E~02| 4.02E—03

. 8.80E-02
buildings | 41.83% | 16.90% | 36.70% 4.56%
% Unit area standard : Total floor area of Condominium builidngs.
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Table 7. Average environmental impact in demolition
and destruction phase(pe - yr/m?)

Category | Demolition | Transportation IiEmETEE Landfill |Incineration| Total
treatment

Condominium |4.62E—05| 3.62E—06 | 7.74E—05 |4.63E—08 | 4.69E—05

. 1.74E-04
buildings | 26.54% 2.08% 44.44% | 0.03% | 26.91%
Underground |5.23E-05| 4.23E-06 | 9.45E—05 |4.72E-08 | 2.58E—05

) 1.77E-04
parking 29.56% 2.40% 53.43% 0.03% 14.58%
Welfare  |4.99E—05| 3.65E—06 | 8.59E—05 |4.72E—08| 4.55E—05

. 1.85E-04
facilities 26.99% 1.97% 46.44% 0.03% 24.57%
7.68E—05| 5.68E—06 | 1.04E—04 |5.74E-08|7.41E-05

Sales facilities 2.60E—04
29.49% 2.18% 39.86% 0.02% 28.45%
Other 5.87E-05| 4.81E—06 |8.83E—05 |6.06E—08|7.27E-05

2.25E-04
Facilities 26.16% 2.14% 39.31% 0.03% 32.36%
3.70E-06| 2.53E-07 | 7.74E—06 |5.09E-09 | 6.56E—06

Common part 1.83E—05
20.26% 1.39% 42.39% 0.03% 35.93%

3 Unit area standard : Diesel&Gasoline is total floor area of each facility
but, Common part is land area. Electric power is land area.
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Fig. 3. Environmental impact result
(27 Condominium complexes)
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