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Environmental Impacts Assessment of Elementary School Buildings and Establishment
of the Reference Target using Life Cycle Assessment Model

Ji, Changyoon', Hong, Taehoon®, Jeong, Jaewook'
"Department of Architectural Engineering, Yonsei University

Abstract : In order to determine how much a new green building reduce the environmental impacts, it is necessary
to establish the reference target for comparison, Therefore, this study aims to establish the reference target by
evaluating the environmental impacts of existing buildings. To ensure this end, this study evaluated the environmental
impacts(Global warming potential, ozone layer depletion potential, acidification potential, eutrophication potential,
photochemical ozone creation potential, and abiotic depletion potential) of 17 existing elementary school buildings, which
are located in Seoul, Busan, Daegu, and Gwangju, by using the hybrid LCA model, As a result, the environmental
impacts of the case buildings were clearly distinguished in different regions, Therefore, this study presented the
reference targets which are appropriate to each region, For example, the reference targets for global warming potential,
which can be used in Seoul, Busan, Daegu, and Gwangju, are 3,76E+03, 1,90E+03, 2,63E+03, 2.81E+03 kg—CO, eq./
m’, respectively. The presented reference targets are expected to be useful for understanding how much environmental
impacts can be reduced when a new green school building is constructed,
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Table 1. Summary of the case buildings
. |Energy source Material
School ey usggd for Region cost Total “"S’
yer operation (KRW/m?) | 28 (m)
A 2008 Electric Seoul 350,433 14,555
B 2009 Electric Seoul 582,365 14,073
C 2009 Electric + Gas | Seoul 399,506 7,670
D 2008 Electric Seoul 530,670 10,631
E 2009 Electric Seoul 461,235 12,5632
F 2010 Electric Busan 580,921 8,774
G 2009 Electric Busan 563,222 7,525
H 2010 Electric Busan 521,123 11,033
| 2009 Electric + Gas | Daegu 433,542 11,680
J 2009 Electric + Gas | Daegu 516,237 12,373
K 2008 Electric Daegu 504,999 12,973
L 2008 Electric Daegu 507,617 12,227
M 2009 Electric + Gas | Daegu 432,369 8,779
N 2009 Electric Gwangiju| 439,079 8,292
0 2009 Electric Gwangiju| 439,985 9,530
P 2008 Electric Gwangju| 484,236 7,705
Q 2009 Electric Gwangju| 622,066 6,372
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Table 2. Reference for characterization factors

Impact category | Reference substance Reference
GWP Co, IPCC (2007)
ODP CFC-11 Daniel et al. (2006)
AP SO, Hauschild & Wenzel (1998)
EP PO,> Guinee (2001)
POCP C.H, Jenkin and Hayman (1999)
ADP Sb Guinee (2001)
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Table 3. Environmental impacts in material manufacturing phase

GWP ODP AP EP POCP ADP

School| kg-CO, |kg-CFC-11| kg-SO, | kg-PO,% | kg-C,H, | kg-sb
eq/m? eq/m? eq/m* | eaq/m’ | ea/m’ | eq/m’

6.21E+02| 8.46E—-06 |1.06E+00|1.83E—01|5.556E—01|3.40E+00

1.06E+03| 1.40E-05 |1.77E+00|3.08E-01|8.63E—-01|5.83E+00

6.33E+02| 8.68E—06 |1.15E+00|2.00E—01|5.87E—01|3.47E+00

1.04E+03| 1.25E-05 |1.70E+00|2.97E—01|7.93E-01|5.76E+00

9.24E+02| 1.10E-05 |1.49E+00|2.62E—01|6.79E—-01|5.11E+00

1.06E+03| 1.32E-05 |1.79E+00|3.12E-01|8.61E-01]5.82E+00

8.62E+02| 1.15E-05 |1.57E+00|2.74E—-01|7.75E-01|4.74E+00

8.25E+02| 1.08E—05 |1.46E+00|2.55E—01|7.27E—01|4.54E+00

7.69E+02| 1.21E-05 |1.49E+00|2.62E—-01|6.50E—01|4.29E+00

1.12E+03| 1.57E-05 |1.82E+00|3.20E—01|7.98E-01|6.37E+00

1.07E+03| 1.54E-05 |1.81E+00|3.19E-01|7.81E—-01|6.11E+00

1.00E+03| 1.56E—-05 |1.76E+00|3.09E—01|7.89E-01|5.67E+00

7.18E+02| 1.18E—-05 |1.42E+00|2.50E—01|6.06E—01|3.99E+00

7.92E+02| 1.44E-05 |1.47E+00|2.57E—01|6.96E—01|4.41E+00

7.90E+02| 1.21E-05 |1.49E+00|2.63E—-01|6.35E—01|4.42E+00

IO Z|IZ|r | XN|l|—|IZT|®IMMOO|L|>

8.36E+02| 1.41E-05 |1.69E+00|2.99E—01|6.86E—01|4.64E+00

o

1.09E+03| 1.93E-05 |2.14E+00|3.77E—-01]9.39E—-01|6.08E+00

Mean |9.06E+02| 1.31E—05 |1.60E+00|2.81E—01|7.40E—01|5.03E+00

S.D. |1.52E+02| 2.50E—-06 |2.46E—01|4.37E—02|1.00E—01|8.74E—-01




Mean: 9.05E+03

S.D.: 1.52E+02
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Fig. 1. GWP in material manufacturing phase
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Table 4. Environmental impacts in use phase
GWP ODP AP EP POCP ADP
School| kg-CO, |kg-CFC-11| kg-SO, | kg-PO,> | kg-C,H, | kg-sb
eq/m? eq/m? eq/m’ eq/m? eq/m? eq/m’
A |3.01E+03| 2.75E-05 [3.52E+00| 5.51E—01 |4.79E+00|1.53E+01
B |2.48E+03| 2.26E-05 |2.89E+00| 4.53E—01 |3.94E+00|1.26E+01
C |4.68E+03| 4.14E-05 [5.61E+00| 8.58E—01 |8.59E+00 |2.36E+01
D |2.67E+03| 2.44E-05 |3.12E+00| 4.88E—01 |4.24E+00|1.36E+01
E |3.31E+03| 3.03E—-05 |3.87E+00| 6.06E—01 |5.26E+00|1.69E+01
F |1.16E+03| 1.05E—05 |1.35E+00| 2.12E-01 |1.87E+00|5.88E+00
G |1.08E+03| 9.84E-06 |1.26E+00| 1.97E-01 |1.71E+00|5.48E+00
H |7.19E+02| 6.57E-06 |8.39E—01|1.31E—01 |1.14E+00|3.66E+00
| 1.64E+03| 1.49E-05 |[1.92E+00| 3.00E—01 |2.69E+00 |8.32E+00
J  |1.90E+03| 1.71E—05 |2.25E+00| 3.48E-01 |3.22E+00|9.65E+00
K |1.82E+03| 1.66E—05 |2.12E+00| 3.32E—01 |2.89E+00|9.26E+00
L |1.26E+03| 1.15E-05 [1.47E+00| 2.30E—01 |2.00E+00|6.41E+00
M |1.84E+03| 1.64E—05 [2.19E+00| 3.37E—01 |3.28E+00|9.29E+00
N [1.95E+03| 1.79E-05 |2.28E+00| 3.57E-01 |3.11E+00|9.95E+00
O |1.75E+03| 1.60E—05 |2.05E+00| 3.20E—01 |2.79E+00|8.92E+00
P |2.13E+03| 1.95E-05 |2.49E+00| 3.89E—-01 |3.38E+00|1.08E+01
Q |1.88E+03| 1.72E—05 |2.20E+00| 3.44E—01 |2.99E+00|9.57E+00
Mean [1.97E+03| 1.69E-05 |2.28E+00| 3.49E-01 |3.48E+00|9.62E+00
S.D. |7.18E+02| 6.36E—06 |9.52E—01| 1.36E—01 |2.30E+00|3.67E+00

Mean: 1.97E+03
S.D. : 7.18E+02
4.00.E+03

3.00.E+03 A

2.00.E+03 1

GWP (kg-CO; eq./m?)
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Fig. 2. GWP in use phase
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Fig. 3. Environmental impacts depending on building size
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Table 5. ANOVA analysis between city and environment impacts

F-value P-value Confidence interval

Region—GWP 29.18 0.0001

Region—ODP 10.81 0.0008

Region—AP 19.31 0.0001 95%
Region—EP 17.16 0.0001 )
Region—POCP 4.95 0.0165

Region—ADP 18.92 0.0001
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Table 6. Reference target for evaluating the reduction of the
environmental impacts

Phase | School

GWP

ODP

AP

EP

POCP

ADP

kg-CO,
eq/m?

kg-
CFC-11
eq/m’

kg-SO,
eq/m?

kg-PO,*

eq/m?

kg-C,H,
eq/m?

kg-sb
eq/m?

Seoul

8.90E+02

1.15E-06

1.47E+00

2.56E-01

7.26E-01

4.89E+00

Busan

9.16E+02

1.19E-06

1.61E+00

2.80E-01

7.88E-01

5.03E+00

Material
Daegu

9.36E+02

1.41E-06

1.66E+00

2.92E-01

7.25E-01

5.28E+00

Gwangju

8.78E+02

1.50E—05

1.70E+00

2.99E-01

7.39E-01

4.89E+00

Seoul

2.87E+03

2.46E-05

3.52E+00

5.28E—-01

5.91E+00

1.44E+01

Busan

9.84E+02

8.98E-06

1.15E+00

1.80E-01

1.57E+00

5.01E+00

Use
Daegu

1.69E+03

1.563E-05

1.99E+00

3.09E-01

2.82E+00

8.59E+00

Gwangju

1.93E+03

1.76E-05

2.25E+00

3.53E-01

3.07E+00

9.82E+00

Seoul

3.76E+03

3.61E-06

4.99E+00

7.84E-01

6.63E+00

1.93E+01

Life Busan

1.90E+03

2.08E—-05

2.76E+00

4.60E-01

2.36E+00

1.00E+01

cycle | Daegu

2.63E+03

2.94E-05

3.65E+00

6.02E—-01

3.54E+00

1.39E+01

Gwangju

2.81E+03

3.26E—05

3.95E+00

6.51E-01

3.80E+00

1.47E+01
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