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Study on Improving the Environmental Performance of a Railway Vehicle through a
Life Cycle Assessment of the Tilting Train
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Abstract Recent international environmental regulations are focused on reducing pre-contamination and on sustainable
development prior to the usage stage of a product. The Environmental Performance Declaration is being used as a tool for
quantifying the environmental performance of products, to reduce contamination in advance, and for advertising the results
of railway vehicles in Europe. In this study, a life cycle assessment of the tilting train was conducted, the first such case
study in Korea, according to the ISO 14025 standard and Korea EDP (Environmental Declaration of the Product) rule. As
a result of the LCA, the life cycle carbon emission of the tilting train was determined to be 3.54x107 kgCO,eq. which is
higher than that of a European train. Also, the amount of CO, emission of the Mcp and car body is higher than that of the
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other car and bogie.
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P P P (ke) (%) | weight (kg) | ratio (%)
STS301L 5.02x10° 85.0 5.02x10° 85.0
Under frame
SM490 8.86%10> 15.0 5.91x10° 100.0
Car body block (frame) STS304 1.39x10° | 100.0 1.39x10° 100.0
Glass fiber 2.46x10? 112 2.46x10? 112
Carbody
Car body block Carbon fiber 1.62x10° 73.6 1.86x10° 84.8
AL H/C 3.34x10? 15.2 2.20x10° 100.0
$S400 1.50x10° 82.6 1.50x10° 82.6
Cab structure ass'y
STS304 3.16x10? 17.4 1.82x10° 100.0
Pantograph Carbon steel 1.20x10* | 100.0 1.20x10? 100.0
Pantograph tilting device Carbon steel 3.50x10? 100.0 3.50x10? 100.0
Roof facility Steel plates 7.29x10" 46.1 7.29x10" 46.1
Main circuit breaker Glass wool 6.08x10" 384 1.34x10? 84.6
Copper 2.43x10! 153 1.58x10? 100.0
STS304_Frame 2.94x10? 66.0 2.94x102 66.0
Dri bi
“fver.l.cta n Cab sub ass'y FRP_PENOL LAMINATE Pannel | 130<10° | 292 | 424x10° 952
acility
FRP4_CAB MASK body 2.10x10" 472 4.45x10? 100.0
SPECIAL GRAY CAST IRON 9.11x10! 35.0 9.11x10! 35.0
DISC - SPECIAL GRAY CAST IRON | 8.28x10' 31.8 1.74x10? 66.8
Connector and GCD400 6.27x10" 24.1 2.36x102 90.9
Connector .
buffering SM45C(SEAT) 2.07x10! 7.9 2.57x107 98.9
Sintered 2.62 1.0 2.60x10? 99.9
STS304 2.19x10" | 0.08 2.60x102 100.0
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Table 2 The amount of electricity, LNG and LPG consumed in the manufacturing stage of the tilting train
# Of annual Electricity(kWh) LNG(Nm®) LPG(Nm?)
Classify . Remarks
production Icar 1 formation Icar 1formation 1formation
Carbody - - 5,774 - - 5,184 Hankook fiber
Bogie 718 4313 25,877 380 2,283 - Rotem
Painting 776 9,593 57,555 2,130 12,778 - Rotem
Design 700 5,343 32,061 952 5,713 - Rotem
Test run 764 5,522 33,131 43 259 - Rotem
Total 24,771 154,398 3,505 21,033 5,184
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Table 3 Potential recyclability of the tilting train
. Non . ) ) Total
Classify Ferrous ferrous Wood |Composite | Electric | Glass | Rubber | Paint | Panel | Plastic | Polymer . y
g (]
Landfill 14,960 1,600 1,592 1,318 - 1,487 560 363 310 325 104 22,618 83
Incineration | 15,161 1,621 3,491 8,093 3,222 667 3,440 | 2,229 1,902 1,997 637 42,461 15.6
Recycling | 170,690 | 18,254 | 6,711 2,353 3,222 | 2,508 | 1,000 648 553 580 185 206,704 | 76.1
Total Kg |200,811 | 21,476 | 11,794 11,763 6,444 | 4,661 | 5,000 | 3,240 | 2,765 | 2,902 925 271,783 | 100
ot.
% 73.89 7.90 4.34 4.33 2.37 1.72 1.84 1.19 1.02 1.07 0.34 100 -
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Table 4 Life cycle impact assessment results of the tilting train

Environment . . .
. . Material Manufacturing Use stage End-of-Life Total
impact category/life cycle
Resource depletion [kg antimony eq.] | 1.06x10%15.08%) | 7.76x10%(1.10%) | 5.90x10%83.79%) | 2.02x10(0.03%) | 7.04x10%100%)
Global warming [kg CO; eq.] 1.21x10%3.42%) | 1.60x10%(0.45%) | 3.40x107(96.10%) | 8.42x10%(0.02%) | 3.54x107(100%)

Ozon depletion [kg CFCy; eq.] 6.68x107(5.36%)

3.13x103(0.36%) | 9.40x104(94.26%) | 4.81x10%(0.02%)

7.20x10°/(100%)

Acidification [kg SO; eq.] 9.63x10%(13.71%)

6.45%10%0.36%)

1.69x10%(85.85%) | 4.38x10(0.08%) | 1.80x10%(100%)

Eutrophication [kg PO,* eq.] 1.71x10%(92.76%)

4.48x10(0.46%)

1.07x10%0.13%) | 1.03x10(6.68%) | 1.25x10%100%)

PhotoOxidants [kg C,H,4 eq.] 2.83x10%(90.77%)

3.98x10(1.28%)

2.42x10%(7.78%) 5.29(0.17%) 3.11x10%(100%)

(kgCO2-eq.)
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Fig. 3 CO, emission comparison results
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