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Comparison of Carbon Emissions between the TBM Method and
the NATM Method through LCA Analysis

Tae-Su Jang, Jae-Soon Khau, Jin-Hyuk Song, Nam-Sun Hwang

Abstract To compare the global warming impact of the TBM and NATM method, which are representative
tunnel excavation methods, a life cycle assessment was performed for each method. Life cycle assessment
should compare the sum of carbon emissions by considering the pre-manufacturing stage, product
manufacturing stage, usage stage, and disposal stage. However, access to TBM (Tunnel Boring Machine)
manufacturing and disposal data is limited, so I had no choice but to focus on the analysis for the usage
stage. In general, carbon emissions during the pre-product manufacturing stage and product manufacturing
stage often exceed 90% of carbon emissions throughout the entire process. Therefore, since it is difficult to
achieve the analysis goal only by comparing the usage stage, the analysis scope was expanded, and carbon
emissions for the process were calculated for the NATM method with access to manufacturing data. As a
result of comparing the relative impact on global warming, the carbon emissions of the TBM method were
found to be higher than those of the NATM method even though TBM method was only considered for
the usage stage. So there it is, the NATM method can be seen as environmentally friendly in the future
when considering the impact of climate change (global warming), which has recently attracted attention
among environmental impact fields.
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3% (TBM) i w9 | Zu] wiEY | AA wWEY

TBME d =2+ P-1 268,464 | m' 12,712.20
TBME d =2} P-2 82,893 | m 3,934.86
TBME d =2+ P-3 292,193 | m 16,588.58
TBME| d =3} P-4 184,934 | m 14,237.34
TBME| d =3} P-5 15904 | m 2,139.98
TBME d =2+ P-6 11,515 | m 2,160.06
TBME| g =2 P-6-1 1,018 | m 152.55
TBME| 278w 2 A g P-1,1 E A uf| o] of 268,464 m -
TBME| 278w 2 A g P24l E 7l Hj o] of 82,893 | m

TBME] g 78 W v 2 A 2| P-3,% E 7] | o] o] 292,193 | m

TBME] g 78 W ¥ 2 A 2| P-4, E 7] | o] o 184,934 | m

TBME] d 78 W v 2 A 2| P-5,4 E 7] | o] o] 19,808 | m

TBME] 9 7 Wi v 2 A 2| P-6,1] E 7l v 0] o 11,515 | m

TBME] g 74 U ¥ & =] 2] P-6-1,41 E 74 vj| 0] o] 1,018 m
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5% (TBM) = ool | A wEF | A WEF
TBME| d 52| EELA P-1,2 4k 5233 | m - 2,402.70
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TBME] ¥ RockBolt4] %] P-6 4751 | & 0.70 42.84
TBME] ¥ RockBolt4] %] P-6-1 220 | 0.03 1.98
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v e g 1,654 | m - 266.08
o RE ZHek H=0~Tm(E Z A ) 46,125 | m - -
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FAE A A=Al ] 1] 4 - -
FAE A T 1 4] 120.26 -
FAE 7] ] REEEEL 1 2] - -
A 52,945.10 38,696.38
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Skt PIT-2,2] ¥t u} 423 | m 0.85 0.62
Apubatk PIT-3,7| Al Z2H(=E 7 H) 4330 | m 436 -
Skt PIT-3,7| Al Z2H(=E 7 &) 2,426 | m 2.44 -
Apubatzk PWA-2,9 4k 10,384 | m 27.04 23.30
Shuka A} PWA-2, 8} 6,558 m’ 11.85 8.64
Aod=zt PWB-1, ¢ dh s} 2442 | 4.57 3.52
Aod=2t PWB-2, ¢ vhika} 6219 | m 13.94 8.68
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A=zt RM-1,2 0k 1,953 m' 5.13 5.94
Adwaz RM-2, 9 uk 2,760 | m 7.38 7.89
A=zt RM-3,2 5k 315 m' 1.14 0.61
Ak Z2 TCA-1,9 8k 596 | m 1.29 1.36
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AR SR PWB-2, 4 &+ 1,002 | m 16.45 460.06
AAREIEE RM-1,4dH 166 | m 3.42 76.22
ARG eI E RM-2, A thd 362 | m 6.66 166.21
BRI E RM-3, 4 ek 58 | m 1.00 26.63
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HEAGEE A 3| PIT-2,4-4FD25%3.0m 86 | 7 0.40 0.78
HEAgHEE A% PIT-2,3}4E D25%3.0m 38 | 7 0.22 0.34
EAZgEE A3 PIT-3,AH4E D25%3.0m 648 | 7N 3.53 5.86
HEAgEE A% PIT-3,3}4E,D25%3.0m 425 | A 2.59 3.84
EAZEE AR PWA-2,414t D25%4.0m 164 | A 5.30 10.52
EAZEE AR PWA-2,3}4t D25%4.0m 389 | 7 2.46 3.52
EAZEE A2 PWB-1, ¢, D25%3.0m 180 | A 0.83 1.50
EAGEE A 3| PWB-2, % T+, D25%4.0m 1,469 | 7 6.32 13.28
HEAGEE A3 RM-1, 4 3 D25%3.0m 325 | 7f 1.59 2.70
EAGEE A3 RM-2, 4 53, D25%3.0m 918 | 7 4.09 7.63
HEAGEE A 3| RM-3, 4 53 D25%3.0m 182 | A 0.99 1.51
HEAGEE A 3| TCA-1,5HH, D25%3.0m 66 | i 0.31 0.55
syl dAf D25 2,698 | 7H B B
HELAHA D38x3.0m 9,135 i 39.58 32.40
HELAHA D38x4.0m 4,164 | 7 22.06 19.55
3= D38x5.0m 420 7 2.63 2.50
GEEATHSE 5972 | A B B
o] ZA 2 et A fek=2TMPa(FEEA ) 603 | 0.72 -
(s H)E A ERA 7| A et 1,190 | m 4.78 -
HEEEE = L fek=18MPa( 3 2= A A) 4,09 | m 487 -
vicho] A& 2 F 8| EEFA L fek=18MPa( 3 2= A A) 674 | m 0.80 -
EEREER HIFZEEEAA) 603 | m - 253.92
LA EJA FEIZEEEAR 4,096 | m - 1,724.78
e Z3HE 8| m - 0.85
v 5= A 2] PVCPipe,D50x600mm 249 | A& - 0.22
v 1ek9-g 126 m - 18.07
42z 1 E H=0~7m(E A &) 52| m - -
G2z Z4ek, H=0~7m(3 2 A &) 1274 | m - -
AP =AY A ZEZ =2} H=0~7mo] 5} 315 | m - 13.09
ERTPEEE 2.2} H=0~7mo] 5} 761 m' - 19.15
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v 7] = AR}
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H % - - - -
M= A (25.23%)
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e (0.00%) (30.88%) (15.67%) (38.19%) (34.73%)
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e (0.95%) (68.02%) (12.22%) (57.96%) (58.30%)
0.000591 0.000003
FoiAIAF . o - - -
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(1.93%) (100%) (78.45%) (98.59%) (97.45%)
27 0.061786 0.045158 0.008066 0.090917 0.050131
© (100%) (100%) (100%) (100%) (100%)
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