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Evaluation of Life Cycle Energy Consumption and CO, Emission of Elementary School of
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Abstract : This study investigates and analyzes the total amount of energy consumption and CO, emission during the
material manufacturing, transportation, construction, operation, and disposal phases of eight elementary school
buildings in South Korea, Toward this ends, the hybrid LCA model is proposed. The life cycle energy consumption
and CO, emission of eight case buildings are assessed using the hybrid LCA model with an assumption that the
operation period is 40 years, As a result, the embodied(sum of the energy consumption in the material manufacturing,
transportation and construction phases), operational and disposal energy were 2,279, 11,182, 228 Mcal/m”, respectively,
on average, The average embodied, operational, and disposal CO, emission were 604, 2,708, 60 kg—CO,/m”, respectively,
on average, This result indicates that about 17% of life cycle energy (or CO, emission) is consumed in the material
manufacturing, transportation and construction phases, Thus, it is necessary to consider the embodied energy and CO,
emission to reduce the life cycle energy and CO, emission of school buildings, In addition, while the insulation standard
of building have been provided based on the climate zone, energy consumption in operation phase still varied depending
on the regions in this study. Thus, the insulation standard of building needs to be improved through considering the

climate of regions in detail,
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Table 1. Summary of the case school buildings

School | COnstruction o Cooling/ | Energy |Total floor

year Heating type| source | area (m?)

2007 Gyeongsangbuk—do | Individual |Electricity| 9,235

A 2009 Seoul Individual |Electricity | 12,532
B 2009 Chungcheongnam—do| Individual |Electricity| 8,189
C 2008 Jeollabuk—do Individual |Electricity| 9,658
D 2007 Daegu Individual |Electricity| 11,994
E 2009 Gwangiju Individual |Electricity| 9,530
F 2007 Jeollanam—do Individual |Electricity | 8,588
G

H

2009 Busan

Individual |Electricity| 7,525
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Table 2. Examples of net calorific value and carbon dioxide
emission factor

Net calorific value Carbon dioxide

By SR () Unit (Ci) emission factor (CFi)
Diesel / 8,420 Kcal/unit | 2.584 kg—CO/unit
Gasoline / 7,230 Keal/unit | 2.076 kg—CO/unit

Liquefied natural gas kg 11,780 Keal/unit | 2.751 kg—CO./unit

Town gas Nm® | 13,780 Keal/unit | 2.200 kg—CO/unit
Anthracite kg 4,450 Keal/unit | 1.795 kg—CO/unit
Electricity kWh 2,110 Keal/unit | 4.705 kg—CO/unit
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Table 3. Direct primary energy of the case school buildings

School Life cycle primary energy per unit area (Mcal/m?)
Embodied Operational Disposal Total
A 689(5.5%) [11,618(93.1%)| 168(1.3%) 12,475
B 436(4.5%) 9,033(94.1%) 132(1.4%) 9,601
C 439(4.9%) 8,410(93.8%) 118(1.3%) 8,966
D 638(9.7%) 5,815(88.5%) 119(1.8%) 6,572
E 431(6.4%) 6,147(91.7%) 123(1.8%) 6,700
F 403(7.2%) | 5,172(92.1%) 44(0.8%) 5,618
G 514(7.2%) | 6,484(91.2%) | 115(1.6%) 7,112
H 383(8.9%) | 3,774(87.2%) | 171(3.9%) 4,328
Mean 492(6.4%) 7,056(92.0%) 124(1.6%) 7,672
S.D. 114 2,495 39 2,673
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Fig. 1. Life cycle primary energy in each phase
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Table 4. Life cycle primary energy of the case school buildings

—— Life cycle primary energy per unit area (Mcal/m?)
Embodied Operational Disposal Total
A 2,727(12.7%) |18,400(85.8%) | 310(1.4%) 21,438
B 2,101(12.6%) | 14,306(85.9%) | 244(1.5%) 16,651
C 1,5671(10.4%) [13,319(88.2%) | 218(1.4%) 15,108
D 2,635(21.8%) | 9,258(76.4%) 220(1.8%) 12,114
E 1,960(16.4%) | 9,736(81.7%) | 227(1.9%) 11,923
F 2,362(22.2%) | 8,191(77.0%) 81(0.8%) 10,634
G 2,681(20.4%) |10,269(78.0%) | 212(1.6%) 13,162
H 2,193(25.8%) | 5,977(70.4%) 315(3.7%) 8,485
Mean | 2,279(16.6%) |11,182(81.7%) | 228(1.7%) 13,689
S.D. 403 3,948 72 4,020
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Table 5. Direct CO, emission of the case school buildings

Sehool Life cycle CO, emission per unit area (kg—-CO,/m?)
Embodied Operational Disposal Total
A 192(6.8%) 2,591(91.6%) 47(1.6%) 2,829
B 112(5.2%) 2,014(93.1%) 37(1.7%) 2,163
C 123(6.0%) 1,875(92.4%) 33(1.6%) 2,030
D 173(11.5%) | 1,296(86.3%) 33(2.2%) 1,502
E 116(7.6%) 1,371(90.1%) 34(2.2%) 1,521
F 106(8.3%) 1,153(90.7%) 12(1.0%) 1,271
G 133(8.3%) 1,446(89.8%) 32(2.0%) 1,611
H 100(10.1%) 841(85.1%) 47(4.8%) 989
Mean 132(7.6%) 1,5673(90.4%) 34(2.0%) 1,740
S.D. 33 556 11 580
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&2 60 kg—CO,/m” (1.8%)= LR Aol5=7] o]
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kg—CO,/m’2] |2 Yepgom, Bt 3,372 kg—CO,/m’
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Table 6. Life cycle CO, emission of the case school buildings

School Life cycle CO, emission per unit area (kg-CO,/m?)
Embodied Operational Disposal Total
A 739(14.0%) | 4,457(84.5%) 82(1.5%) 5,277
B 545(13.4%) | 3,465(85.0%) 64(1.6%) 4,075
C 427(11.5%) | 3,226(87.0%) 57(1.5%) 3,710
D 696(23.3%) | 2,238(74.8%) 58(1.9%) 2,991
E 519(17.7%) | 2,358(80.3%) 60(2.0%) 2,937
F 624(23.7%) 1,984(75.5%) 21(0.8%) 2,629
G 708(21.8%) | 2,487(76.5%) 56(1.7%) 3,251
H 576(27.4%) 1,448(68.7%) 83(3.9%) 2,107
Mean 604(17.9%) | 2,708(80.3%) 60(1.8%) 3,372
S.D. 107 956 19 981
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Fig. 3. Life cycle primary energy consumption of each building

Table 7. Pearson’s corelation coefficient between latitude of buildings
and energy consumption

Life cycle energy consumption
Embodied Operational Disposal
Correlation coefficient 0.367 0.898+ = 0.517
Significance probability 0.371 0.002 0.190
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Fig. 4. Relation of embodied and operational energy
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