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ABSTRACT KEYW ORD
AR MY
Purpose: A lot of active researches have addressed the impact of a building on global environment, but most ~ stp #2
of the researches focus on a residential building and a large office building. Hereupon, this study assessed the =~ &2t E 7}
AT E L

impact on environment quantitatively through the analysis of input materials targeting a school building.
Method:This study calculated embodied energy of input materials suggested in a construction statement on a

Input-output Analysis

school building using the input-output analysis. This study finally carried out environmental impact assessment  School Building
by applying LCIA DB shown in the preceding researches to the calculated embodied energy. Result: The  Life Cycle Assessment
analysis result revealed that the environmental impact per unit area(/m’) at a school building was 4.11E-02PE-yr, ~ Environmental Impact Assessment

among which Construction was found to be 3.59E-02PE-yr, being analyzed to account for about 87% of the total
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environmental impact. Also, as a result of detailed environmental impact, the impact on global warming among  Received April 8,2016

the total environmental impact was analyzed to be high, accounting for about 76%.
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* sector that records intermediate demand and intermediate input, which are trades
between goods and services industry sectors

** sector that records final demands and added values

Fig. 1. Composition of input-output table
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Table 1. Environmental load emission coefficient by energy source

Environmental| CcO CcO, NOx SOx NH;
Load (gCO) | (gCO) | (&NOx) | (gSOx) | (g-NHy)

Anthracite | 3.00E-01 | 2.42E+03 | 5.83E+00 | 1.37E+01 | 2.80E-04

Bituminous | 2.50E-01 | 2.31E+03 | 5.55E+00 | 9.50E+00 | 2.80E-04

LNG 1.34E+00 | 2.75E+03 | 3.70E+00 | 1.00E-02 | 5.10E-02

Gasoline - 2.13E+03 - - -

Jet fuel - 2.43E+03 - - -

Kerosene | 6.00E-01 | 2.45E+03 | 2.40E+00 | 1.70E+00 | 9.60E-02

Diesel 6.00E-01 | 2.60E+03 | 2.40E+00 | 1.70E+00 | 9.60E-02

Fuel Oil | 6.00E-01 | 2.98E+03 | 6.32E+00 | 7.27E+00 | 9.60E-02

LPG 3.84E-01 | 2.87E+03 | 1.16E+00 | 5.00E-03 | 1.30E-02
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Table 2. Environmental impact calculation result consequent on environmental load

environmental Characterization Characterization Normalization NOHS:%LZ:UOH Weight env1ir0n;r§nta1
Impact List load coefficient value coefficient PE- H]l:p
category (PE-yr) (PE'yr)
a b axb=c d c+d=e f exf=g
1.00E+00 4.61E-03 4.61E-03 2.49E+04
Anthracite 1.85E-07 2.31E-01 428E-08
(eE) (lyr) (g-E/yr) (g-E/PE.yr)
e 1.00E+00 4.61E-03 4.61E-03 2.49F+04
Bituminous 1.85E-07 2.31E-01 428E-08
(g-B) (/yr) (g-Elyr) (g-E/PEyr)
1.00E+00 1.67E-02 1.67E-02 2.49F-+04
LNG 6.71E-07 2.31E-01 1.55E-07
(B (fy) (g-Ehyr) (g-E/PE.yr)
1.00E+00 2.04E-03 2.04E-03 2 49E+04
Gasoline 8.19E-08 231E-01 1.89E-08
— (B (yr) (e-Elyr) (¢-E/PE.yr)
animate
resource Jet fuel 1OOE+00 1.6IE-03 1.61E-03 249E+04 6.47E-08 231E-01 1.49E-08
depletion (eB) (yn) (e-E/yn) (e-E/PE.yr)
1.00E+00 2.36E-03 2.36E-03 2 49E+04
Kerosene 9.48E-08 2.31E-01 2.19E-08
(g-B) (yr) (g-Elyr) (g-E/PE.yr)
1.00E+00 6.11E-03 6.11E-03 2.49F-+04
Diesel 245E-07 2.31E-01 5.67E-08
(g-B) (/yr) (g-Elyr) (e-E/PE.yr)
1.00E+00 6.03E-03 6.03E-03 2.49E+04
Fuel Oil 242E-07 231E-01 5.59E-08
(B (yn) (e-Eyn) (-E/PEyr)
1.00E+00 9.19E-04 9.19E-04 2 49E+04
LPG 3.69E-08 2.31E-01 8.53E-09
(eB) (fy) (g-E/yr) (e-E/PE.yr)
Global 1.00E+00 1.00E+00 1.00E+00 5.53E+06
. C 1.81E-07 2.88E-01 521E-08
Warming 0 (g-COy) (g-COx-eq/g-CO,) (gC0O2-eq) (g-COx-eq/PE.yr)
1.00E+00 2.70E-02 2.70E-02 1.03E+04
Co 2.62E-06 6.50E-02 1.70E-07
Photochemistry (gCO) (g-CoHy-eq/g-CO) (gC2H4-cq) (g-CoHy-eq/PE.yr)
otochemist
1.00E+00 2.80E-02 2.80E-02 1.03E+04
Oxide NOx 2.72E-06 6.50E-02 1.77E-07
Generation (&-NOy) (g-GoHy-eq/g-NOx) (gC2H4-eq) (g-C,Hy-eq/PE.yr)
1.00E+00 4.80E-02 4.80E-02 1.O3E+04
S 4.66E-06 6.50E-02 3.03E07
| (@500 | (eCiHreqeSOy | (eC2Hd<q) | (e-C:HreqPEyr)
1.00E+00 7.00E-01 7.00E-01 3.98E+04
N 1.76E-05 3.60E-02 6.34E-07
O | (@Noy | (eS0reqeNOy | (e502eq) | (250req/PEyr)
o 1.00E+00 1.00E+00 1.00E+00 3.98E+04
Acidification SOx (@S0y) (-SOr-eq/2-SO) (eS02-¢q) (e-SOs-eq/PE.y) 2.51E-05 3.60E-02 9.04E-07
1.00E+00 1.88E+00 1.88E+00 3.98E+04
NH: 472E-04 3.60E-02 1.70E-06
’ (g-NH;) (g-SOr-eq/g-NH;) (g802cq) | (g-SOr-cq/PE.yr)
1.00E+00 1.30E-01 1.30E-01 1.31E+04
NOx : g 9.92E-06 3.80E-02 3.77E-07
i (eNOy) | (gPOs*-eq/gNOy) | (gPO4-3-eq) | (g-POs -eq/PE.yr)
Eutrophication 1.00E+00 3.50E-01 3.50E-01 131E+04
NH. : el sl . 2.67E-05 3.80E-02 1.02E-06
’ (eNH) | (gPO-eq/gNHy) | (gPO4-3-eq) | (PO, -eq/PE.yr)
1.00E+00 1.20E+00 1.20E+00 1.48E+06
N 8.11E-07 1.05E-01 8.51E-08
Human Ox (g-NOx) | (g-1.4DCB-eq/g-NOx) | (gl.4DCB-eq) | (g-DCB-eq/PE.yr)
Toxicity 1.00E+00 9.60E-02 9.60E-02 1.48E+06
SO 6.49E-08 1.05E-01 6.81E-09
x (g-SOx) (g-1.4DCB-eq/g-SOx) | (g1.4DCB-eq) | (g-DCB-eq/PE.yr)
4. .gl-gcg'ég %7'- 7E=|J'l_|- Table 3. Building overview
! Reinforced concrete
54 e Structure | g Steel frame
L
Area 12,190m’
T"f‘?él EHA}% 201215_0“ /\]_(T)L% 737]5— Z:]IE/\]QJ OOE%—Q—E Floor Floor 5F, Under 1F
Z U} Table 39 & /|25 Lepbdt Completion :
sk o] gk FAp oA B4 Ak oF 14005 £7 data 2
A7t %@.01 oo, NEFTARE A55AY] HS 7HATA
) 1655, VABAE AL © 6557, ERPAE 72 Eqape] AdRRel BE WA 4 ATE e
E3 S 65, A 71'5”**}— A7 FAL Q) 2857, 2734 Table 4of YRt o, 4038-Zof thst E AIE A A1)
= AEESA 9 287, T 58 W 31T R ARSI 2 7}olele g, AEA R F2 AL HE B RE| gt 2
A= gl T2 AA AT
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Table 4. Embodied energy calculation result by industrial classification
(/10,000won)

Bitu
|Anthr| . Gasol| Jet [Kerosr. |Fuel
Industrial Classification |acite|™"© LB ILEG, ine | fuel | ene Dicse QOil

o as | ™% o o|o|Y e

5.72E-8.93E-2.76E-4.32E-3.83E-4.49E-{1.52E-2.03E-8.85E-

16 Seedings 02 | o1 | o | o2] 02 02|02 o 02
38| samdtgavel | POZEPITEGATEG O4ES 0368 SGEN 827 93E M 39F-
02 | ol |02 ] 0 02| 03]02] 01|02
40| Other stone for [5.52E46.63E{1.19E-2.71E-.26E6.83E{1 341 1 40E1.66E-
construction 02 01 01 02 02 03 02 | +00 | 01

. 7.30E- 1.22E2.92E-5.22E-9.72E-2.25E-3.43E-2.31 E-3.08E-
106 |Other textile products 2 1400 01 102 o2 o2 o2l o1l ol

114 Lumber #.68E-5.59E-1.11E-4.96E-5.47E-2.63E-2.34E-3.69E-{1 47E-
02 | 01 | O | 02 ] 02] 02| 02101 |OI

115 Plywood [5.06E-{7.46E-1.48E-4.52E-3.79E-{1.68E-1.79E-2.74E~|1 46E-
W 02 | 01 | O | 02 ] 02] 02| 02101 |0l

Architectural Wood [1.03E-1.75E[3.92E-5.73E-3.67E-2.10E-2.37E-2.90E-5.47E-

17 Products 01 | 00| o1 |02 |02 02|02 o1 [ o1

(6.2 1E-17.55E1 36E-4. 39E5.54E-B.20E 2. 79E-D.7 1 E{1 20E-
19| Other wood products [, "1™ o1 |02 [02 [ 02 | 02 | 01 | ot

7.31E- 1.44E 2.67E-6.61E-5.49E-2.62E-3 43E-2.34E-4.55E-
128 | Other Paper Products 02 | 400 | o1 02 02 [0z o2 o1 | o1

148|  Synthetic resins 6.10E-9.25E-1.30E-{7.69E-2.80E-{1.39E+1.93E-1.57E-1.55E-
yn 02 | 01 | O1 | 02 | 02 ] 02| 02101 o0l

150 Paint 17.08E 1.52E1.74E-7.39E-4.54E-.29E-3. 25E-2.22F1.54E-
am 02 | +00| 01 | 02 | 02 [02]02] 01|01

A 7.00E] 1.59E[2. 16E47.23E-3 42E1.82E12. 74E-12. 22F-{1 99E-
165|  Other chemicals o> 50""o1 | 02 | 02 | 02 | 02 | 01 | oI

166 Plastic primary  6.31E- 1.00E|1.68E+6.07E-3.63E-1.80E-2.70E-2.13E-2.31E-

products 02 |+00 | 01 | 02 | 02 | 02 | 02 | 01 | 01
168 | Plastic products for |I.11E-1.14E[1.45E-5.55E-4.27E-B.44E-3.24E-2 66E-(1.63E-
household 01 |+00 | 01 | 02 | 02 | 02 | 02 | 01 | OI

170 Rubber products for [1.14E- 1.18E(1.56E-8.44E-4.78E-1.69E-2.13E-1.88E-2.05E-
industrial use 01 [+00| Ol | 02 | 02 | 02 | 02 | 01 | O1

172 Flat glass&primary [8.13E-1.14E|1.99E-[1.80E-5.48E-#4.62E-1.00E-4.11E-2.13E
glass 02 |+00 | O1 | 01 | 02 | 02 | 01 | 01 |+00

: 6.82E-9.28E3. 16E-|1.70E3.80E-R. S0E18.86E-D. 79 6.32E-
173 | Industrial glassware 755" "1 "o1 | o1 [ 02 |02 | 02 | 01 | ol

177 Refractory ceramic [9.74E-{1.63E2.73E-2.09E-4.16E-{1.57E-2.58E-5.87E-{5.57E-

products 02 [+00 | O1 | 01 | 02 | 02 | 02 | 01 | OI
178 Clay products for 9.97E-1.45E[7.59E-7.27E+6.63E-2.94E-{1.03E-9.55E-5.25E-
construction 02 |+00| 01 | 01 | 02 | 02 | 01 | 01 | oI
#.53E-2.52E 3.29E-5.90E-2.62E-B.1 7TE-3.15E+6.35E-3.93E-
179 Cement

01 [ +01 | Ol | 02 | 02 | 02 | 02 | 01 | OI

180 [Ready mixed concrete 1.46E-6.44E |1.53E-@.54E-5.08E-1.98E-2.20E- 1.16E[2.16E-
Y 01 [+00| Ol | 02 | 02 | 02 | 02 | +00 | Ol

3. 11E5.64E D.0BE5.92E1 06E 12, 82E-53.03E-46.64E-}5.86E-
18] Concrete products 4,100 o1 T2 | o1 | 02 | 02 | o1 | 01

182 Lime and plaster |3.20E[9.55E-2.68E-{1.46E-6.40E-{1.39E-2.71E-6.19E-5.74E-
products +00 | 01 | 01 01 | 02 | 02 ] 02 ] 01 |01l

183 Stone products 1.65E-B.26E-1.43E-{7.35E-2.80E-{1.90E-1.55E-4.75E-8.92E-
P 01 | 01 | O | 02 |02 ] 02| 02101 |02

6,655 1.16E[2.54E-16. 49E5. 16E1.39E6.5 1 EJ5.54E-3 37E-
186|  Asphalt products 75571 00 01 |02 [02 |02 | 02 | 01 | ot

1.52E|9.65E 4.13E-4.84E-3.27E-1.78E-3.67TE-4.04E-2. 14E-

1911 rebar&steel bar | 650" 0" "1 |02 | 02 | 02 | 02 | o1 | oI

192 section steel 1.45E|9.29E 4.27E-4.69E-3.49E-|1.75E-5.23E-4.06E-2.42E-
+00 | 400 | 01 | 02 | 02 | 02 | 02 | 01 | O1

194 hot rolled steel | 1-20E[1.02E4.93E-6.68E-0.75E-1.76E-3.28E-3.81E-2. 35E-
+00 | 401 ] 01 | 02 | 02 | 02 | 02 | 01 | O1

1.01E|7.02E 4.38E-6.88E-3.01E-|1.92E-3.67E-3.60E-{1.97E-

195 Steel pipe +00 | 00 | o1 |02 [02 |02 [ 02 [o1 | o1

197 Tron castin 2.60E|1.56E 3.11E-7.30E-2.93E-|1.70E-3.16E-4.94E-{1.70E-
2 +00 | 401 ] 01 | 02 | 02 | 02 | 02 | 01 | 01

199 Surface treatment of |1.34E|8.55E@.12E-1.43E-3.09E-|1.59E-4.12E-3.53E-2.63E-

steel +00 | 400 | O1 | O1 | 02 | 02 | 02 | 01 | 01

206| Copper primary 5.75E-9.17E-2.69E-B.62E-2.66E-1.63E-1.75E-1.56E~1.09E-
products 02 | 01 | O1 [ 02 | 02]02] 02101 |o0l

207 Aluminum primary (1.39E-2.29E 8.11E-7.65E-5.09E-R.45E-3.75E-2.82E-3.51E-
products 01 |+00| 01 | 02 | 02 | 02 | 02 | 01 | oI

208 Other non-ferrous |1.23E- 1.41E[3.97E-44.77E-5.50E-2.09E-2.09E-3.76 E-1.71E-
imetal primary products) 01 | +00 | 01 | 02 | 02 | 02 | 02 | 01 | O1

Metal products for @.32E-3.40E|4.83E-1.26E+5.47E-3.21E-3.50E-2.99E-2.13E-

209 building o1 |00 ] o1 |01 |02 |02 |02 o1 o1
510| Metal products for [6.95E{4.79E [2.92E-8. 15E{3.72E{1.85E-B.01E2. 70E{1.60E-
structure 01 | +00 | 01 02 02 02 | 02 01 01

14| Serew oroducts  §-20E{5-62E[3.S6E8 41E5 52E-D. 18E-14.09E-3.20E-P. 00-
P 01 |+00| o1 | 02 | 02 ] 02|02 01| o1

6.70E-4.76E [3.94E-6.08E-3.64E-2.16E-3.41 E-2.67E-|1.63E-

215 Wire products "o 500 o1 |02 [ 02 | 02 | 02 | of | ol

Mounting metal  [5.11E-3.72E[3.23E-1.07E-5.65E-{1.88E-3.66E-3.12E-1.90E-

216 products o1 |+00 | ot | o1 [ 02 |02 |02 ot | o1

#.20E-3.19E [3.28E-9.02E-5.1 1E-2. 15E-3.19E-2.98E-{1.53E-

219 | Other metal products ol 1+00 01 102 o2 o2 o2l o1 o1
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Table 5. Input cost by work type, and environmental impact
calculation result

Input cost Environmental Impact
Caty
S (won/m) (PE-yr)
Construction 296,985 3.59E-02
1
(77.7%) (87.4%)
Mechanical 26,432 1.94E-03
echanica
(6.9%) (4.7%)
L 18,429 1.61E-03
Civil
(4.8%) (3.9%)
Electrical& 17,974 7.56E-04
communication (4.7%) (1.8%)
Landscani 22,173 8.78E-04
ndscapin
ping (5.8%) 2.1%)
Total 381,993 4.11E-02
BAaAel e BORAY(M) YA gL
381,993 0 2 Uet o, 2Hg k2 4.11E-02PEyr& &4
& et

w4 A3 A FAAA H-8-2 381,9939/mf = LERTE L
o, 0]% AEFAF296,9859/m' 2 oF 78%5 AFA|5hE AL
2 BAE QI o] & 71 AFAH6.9%), 2HFAH5.8%), EEE
A (4.8%), A7]-FAFAHE.1%) = o= A A= e

DAY A AETATE 3.59E-02PE yr/ ' 2 87.4%%
Aok Ao g Uehgon], £QI2HA) Hlg s th2 A o]

NABAHL. %), EEFAH3.9%), Z75AH2.1%), A7]-BA4]
S H1.8%) =22 EA 24 =t

A P A7

() AZFAl W 39T

< Table 6] YERATY

Table 6. Environmental impact calculation result by building

L Construction Environmental Impact
Division
(PE-yr/m)
School buildng 3.59E-02
Apartment building 2.62E-02
Residential-commercial
- 3.20E-02
building
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th& Fig. 20 358 AlF @49 871 2305 Hehdo
3.00E-02 7 Construction @ Mechanical
ECivil @ Landscaping
2 70E-02 i B Electrical&communication
- v
2 2406-02
- g 150503 =
S 210802
= 171 120e-03
©  180E-02
3 9.00E-04
I V1
2 150802 7 60004 ]
3 ] ¢
I 120802 3.00E-04 .
: / L
< 90003 00E+00 T | a
= V] P
T 6.00E-03
: ; ’
T 300803 b
; A |
0.00E+00 7 - |
Inanimate Global Photochemistry  Acidification  Eutrophication Human Toxicity

resource Warming Oxide

Fig. 2. Detailed environmental impact assessment result by work type
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Table 7. Environmental impact assessment result by detailed work

Work type Detailed work I?v;‘)/g:]/?no%t Enwlgltlla?cetn el
(PE-yr/m’)
temporary work 3,411 5.15E-04
metal work 15,242 1.25E-03
other works 3,737 1.64E-04
painting work 1,331 5.00E-05
wood work 6,692 2.03E-04
plastering work 640 5.16E-05
waterproof work 5,626 4.83E-04
masonry 6,239 1.83E-04
Construction | interior finishing work 45,493 5.52E-03
glazing work 11,266 8.22E-04
interior work 8,142 4.50E-04
masonry work 20,323 1.65E-03
roofing & drainpipe work 11,897 8.87E-04
window construction 11,070 8.76E-04
steel-frame work 7,834 9.96E-04
tile work 1,564 1.18E-04
earth work 136,481 2.17E-02
gas piping work 1,289 9.28E-05
machine room piping work| 1,530 1.81E-04
heating pipe work 3,002 8.86E-05
Mechanical outdoor piping work 234 3.36E-05
sanitary-plumbing work 11,113 8.84E-04
automatic control work 1,174 4.49E-05
equipment installation work 8,090 6.14E-04
structure work 2,894 2.35E-04
sewage work 958 2.82E-04
rainwater pumping work 3,142 3.92E-04
Civil transportation expenses 92 6.15E-06
earth work 2,270 1.53E-04
pavement work 7,755 4.31E-04
gate&vehicle entrance work 1,318 1.09E-04
electric work 12,402 5.52E-04
cfmggt‘i% " communication work 3,056 1.44E-04
fire-fighting construction 2,516 6.05E-05
facilities work 4,297 1.79E-04
Landscaping Planting work 10,122 2.68E-04
road paving construction 7,755 4.31E-04
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