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Comparison of the CO, Emissions of Buildings using Input—Output LLCA Model and
Hybrid LCA Model

Hong, Taehoon* - Ji, Changyoon'
"Department of Architectural Engineering, Yonsei University

Abstract : This study aims to determine whether or not the input output life cycle assessment (I-O LCA) model can
be used to assess the carbon dioxide (CO2) emission of buildings in initial planning phase, To ensure this end, this
study proposed I-=O LCA model which is the simplified LCA model and Hybrid LCA model which is the detailed
LCA model, and then assessed and compared the CO2 emission of six case projects (three apartment complexes
and three educational facilities) using the two LCA model, The results of the case study showed that the CO2
emissions assessed by the I-O LCA is significantly similar to the CO2 emission assessed by the Hybrid LCA
model, The similarity of results from both LCA models was 78,2—86.3% in apartment complexes and 59,9—84.8%
in educational facilities, However, the CO2 emissions from [-O LCA model were smaller than the CO2 emissions
from Hybrid LCA model in case study. Nevertheless, the case study showed that the I-O LCA model was capable
of assessing the CO2 emission of buildings quite appropriately although the I-O LCA model is the simplified LCA
model which considers only the construction cost, The I-O LCA model is expected to be a useful tool for assessing
the CO2 emission of buildings in initial planning phase,
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Table 1. Energy—related commodities in Input—Output Table

Code | Commodity section | Code Commodity section
0030 Anthracite 0138 Heavy oil

0031 Bituminous coal 0139 | Liquefied petroleum gas (LPG)
0033 Natural gas 0298 | Hydroelectric power generation
0131 Coal briquette 0299 Fire power generation
0134 Gasoline 0300 Nuclear power generation
0136 Kerosene 0301 Other generation

0137 Light oil 0302 Manufactured gas supply
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Table 2. Summary of apartment complexes

USRS O[MaEA HISRF HIHZnt vl

“B” apartment

“K” apartment

“S” apartment

complex complex complex

Year 2004 2005 2007
Location Seoul Seoul Seoul

Total floor area 75,089.5m* 36,997.80m* 53,910.89m*
Structure type R.C. R.C. R.C.
_ KRW KRW KRW

Material cost
18,237,843,717 | 11,620,820,752 | 12,783,528,689

Construction KRW KRW KRW

cost

29,121,927,642

15,498,678,594

21,304,673,058

Table 3. Summary of educational facilities

“U” educational

“K” educational

“J” educational

building building building
Year 2008 2009 2009
Location Seoul Seoul Seoul
Total floor area 14,555.00m" 7,670.00m* 9,030.01m*
Structure type R.C. R.C. R.C.
) KRW KRW KRW
Material cost
3,449,513,768 1,983,644,752 2,657,701,323
) KRW KRW KRW
Construction cost
6,194,358,005 | 3,626,905,562 3,742,751,417
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Table 4. CO. emission from the production and combustion of
energy sources

Production Combustion
, CO: CO2
Eneray source unit emission|Reference |emission |Reference
factor factor
Anthracite ka/kg | 0.1949 A 1.7130 C
Bituminous coal kag/kg | 0.1949 A 2.2748 C
Natural gas ka/kg | 0.4809 B 2.8000 C
Coal briquette kg/kg | 0.1949 A 1.7132 C
Gasoline kg/l | 0.0580 A 0.6804 C
Kerosene kg/l | 0.1898 B 2.4928 C
Light oil kg/l | 0.0561 A 2.6671 C
Heavy oil kg/l | 0.2592 B - -
) ) 4.97E—
Liquefied petroleum gas | kg/kg 09 A 6.7003 C
Hydroelectri ki
ydroelec r|‘c power a/ 0.4872 A _ B
generation kWh
. ) ka/
Fire power generation 0.4872 A - -
kWh
: kg/
Nuclear power generation 0.4872 A - -
kWh
' ka/
Other generation 0.4872 A - -
kWh
ka/
Manufactured gas supply Nm3 0.5864 B 2.2355 C
m

% Note: A Ministry of Knowledge, Economy, B: Ministry of
Environment, C: Wang (1991)
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Table 5. Results of the apartment complexes

Carbon dioxide (CO2)
Model Complex ; Intensity
Quantity (t—CO) (kg—COa/m?)
Material 28,232.03 (93.9%) 523.7
“g” Transportation 1,126.78 (3.7%) 20.9
complex | Construction 718.49 (2.4%) 13.3
Total 30,077.30 (100.0%) 557.9
Material 24,825.57 (96.2%) 671.0
Hybrid - .
LCA K Transportation 788.42 (3.1%) 21.3
complex | Construction 185.78 (0.7%) 5.0
model
Total 25,799.77 (100.0%) 697.3
Material 45,750.92 (95.6%) 609.3
“B” Transportation 1,296.90 (2.7%) 17.3
complex | Construction 784.49 (1.6%) 10.4
Total 47,832.31 (100.0%) 637.0
“S” complex 24,424 .32 453.0
I-O LCA —
complex 20,171.91 545.2
model
“B” complex 41,256.49 549.4

Table 68 & LCA HUlS o] &3}o] AREE W-oAH%
o] H7FANE HojFr}h Hybrid LCA REo] HrlAn=
At EE 2L A A 89,7 ~ 93.9%2] o|AFslEkA
7F v E QAL ST Al A A= 22 oF 3.6 ~
4.4%9F 2.0 ~ 6.0%2] oliIEketar} viE= St U ¢
WO WA= EgAl I W& 236kl glo], Alad
AL] At 5TA R 2A] vebd W, KT} J7 8
WO Aol AlgttA viEko] 7Y A2 Zlo® uEt
sk,

Table 60f] LFebd A} o] wsAldEo] gk o9l
Aot olalsleka wjETRS- oF 513.2 ~ 637.2kg—COy/m?
R, ok whA|o) wheu A o AkeehA iEH(557.9 ~

Table 6. Results of the education buildings

Carbon dioxide (CO>)

Model School Quantity (t-CO) (kén_tgrg%ﬁ
Material 6,992.67 (89.7%) 480.4
“u” Transportation | 342.09 (4.4%) 23.5
school Construction | 464.62 (6.0%) 31.9
Total 7,799.38 (100.0%) 535.9
) Material ~ [3,694.911 (93.9%) 481.7
Hybrid e -
LoA K Transportation | 162.62 (4.1%) 211
school Construction 78.53 (2.0%) 8.7
model Total  |3,936.07 (100.0%)|  513.2
Material 5,398.48 (93.8%) 597.8
7 Transportation | 206.94 (3.6%) 22.9
school Construction | 148.55 (2.6%) 16.5
Total 5,753.96 (100.0%) 637.2
-0 LCA U school 6,044.91 415.3
model K” school 3,339.37 435.4
“J” school 3,446.03 381.6
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Fig. 1. The results of comparison
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