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A Research on the Greenhouse Gas Emission Reduction of
Railway Structure Construction Stage

ol - UBA4!

Cheul-Kyu Lee - Jong-Soo Kim

Abstract Concrete was identified as the significant GHG emission source resulting from a GHG emission analysis of
railway infrastructure. An environmental assessment method (life cycle assessment; LCA) and low carbon railway infra-
structure design strategy development method (ECODESISGN PILOT) were applied to develop low carbon railway infra-
structure design strategies. The railway infrastructure was analyzed as a raw material intensive industry emitting large
amount of greenhouse gas (GHQG) at its construction stage. Therefore, in this study, it is analyzed that current status of GHG
emission at its construction stage, and a method reducing GHG emission of railway infrastructure is proposed. In this study,
eco-concrete, concrete aging prevention agent and a low carbon railway route decision method based on a need of low car-
bon railway infrastructure construction technology application for green railway development were considered.

Keywords : Railway, Greenhouse gas, LCA, Eco-design, Concrete
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Fig. 1 Relationships between elements within the interpretation
phase with the other phases of LCA [9]
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Fig. 2 Carbon footprint of railway infrastructure modules of
Tuchschmid[15]'s study, modified by authors

Table 1 Carbon footprint of railway bridges of Tuchschmid
[15]’s study, modified by authors

CO, Total CO,

Material unit

(kg) (%) (kg) (kg/m,yr)
Concrete, 3

m’ | 26,491,050 | 34.8
at plant

Low alloy steel| kg | 19,181,926 | 25.2 | 76,110,321 | 186.09

Structure, steel | kg | 30,216,095 | 39.7

Alkyd paint | kg | 221,250 0.3
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Fig. 3 Simplified low carbon railway infrastructure design
process, Wimmer et al.[20], modified by authors
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Improvement Il

Starting vith the PILOT along product development strategies enables you to improve
an existing product by means of appropriate ECODESIGN measures.
In order to improve the environmental performance each product requires specific
measures depending on its environmental impact at difleent stages of ts senice life.
s, difierent measures have to be taken for products with the main emironmental
e e e
manufacture (manufacture intensive). Now, what measures are appropriate for which
product? Working through the checklists will result in a complete list of ECODESIGN
measures particularly suited for your product

Type A: Raw Material Intensive

Type B: Manufacture Intensive

Type C: Transportation Intensive

Type D: Use Intensive

Type E: Disposal Intensive

Fig. 4 ECODESIGN PILOT [23]
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Table 2 Low carbon design objective, strategies and measure for railway infrastructure

Low carbon design objective | Low carbon design strategies Low carbon design measure for railway infrastructure

Use alternative materials | Selecting the right materials

- Use of materials with a view to their environmental performance

Use less of a given type of

- Prefer the use of recycled materials (secondary materials)
- Preferably use single material components and/or reduce number of

terial Reducing material input different types of material
material
- Reduce material input by design aiming at optimum strength
- Reduce material input by integration of functions
Optimizing product use - Realize user-oriented product aiming at a high frequency of use
Make intensive use of Optimizing product - Ensure high reliability of product
resources functionality

Improving maintenance

- Design product for easy cleaning and/or minimize susceptibility to soiling

Use resources as long as
possible

- Realize a timeless product design
- Ensure high appreciation of the product

Increasing product - Design product for long service life

durability - Ensure surfaces are user friendly

- Ensure corrosion resistance
- Harmonize service life of individual components

- Ensure self-explanatory structure or provide for instruction for repair on

Improving reparability product

Improving disassembly

- Ensure easy access to connecting parts

Reuse materials contained in
the product

Reuse of product parts

- Ensure simple assembly through hierarchical structure of product

Recycling of materials

- Ensure labeling of materials conforming to standards

*Note - Colored measures were selected for low carbon railway infrastructure design measures
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(a) railway bridge

(b) concrete track

Fig. 5 Pilot construction of railway structure for concrete protection
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Table 4 Function and functional unit of a Deterioration
Preventing Agent

. Preventing Deterioration of
Function i
concrete and its surface

Functional unit | A kilometer of Deterioration Preventing Agent

g3 AP Al ZE A 25 ALY nEA
o] (Table 5 Fx) AARAAE TAZEERSS] d5
=22 F5olA #H 7|7k (Cradle to Grave; CtG)= 3} T}
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e

2 g-ak3itt.

LCIA W E0 2= A FANA At 498 wA] W
HE[37,381 ARSIt #7915 (Environmental impact
category)i= AT Q! AT & Fof| Yo %]
T 213} (Global warming; GW) JEHTF shis Ad=s}
831, ¥+ 3k(classification), 5-d 3}(Characterization)S 43}
sto] FAA AH YT S AHESHATH

2323 ZAYE A3bEAA] Aol whE 2A7EA A%
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Table 52] 248 71 38 E G3PIAA|E SimaPro S/
WE &8&3to] A7 vME%E AP gt 27 Table 67
Fig. 6014 2} o] A=Al 1kgd ©F 2.08kg COz-eq.”}

Table 5 Composition of the deterioration prevention agent

Composition Unit Weight
Polyester resin Kg 0.23
Gasoline Kg 0.77

Table 6 Life Cycle Impact Assessment Result

Impact Polyester

category Unit resin Gasoline Total
Greenhouse kg CO, 1.59.E+00 | 4.90.E-01 | 2.08.E+00
Ozone layer | kg CFCI11 | 2.30.E-07 | 7.65.E-09 | 2.37.E-07
Acidification kg SO, | 4.22.E-03 | 2.94.E-03 | 7.16.E-03
Eutrophication | kg PO, 1.81.E-03 | 1.86.E-04 | 2.00.E-03

Heavy metals kg Pb 4.13.E-05 | 1.18.E-06 | 4.25.E-05

Carcinogens | kg B(a)P | 8.77.E-08 | 2.99.E-09 | 9.07.E-08
Pesticides | kg act.subst | 0.00.E+00 | 0.00.E+0 | 0.00.E+0
Summer smog | kg C;Hs | 7.69.E-04 | 3.82.E-04 | 1.15.E-03
Winter smog | kg SPM | 3.11.E-03 | 2.32.E-03 | 5.43.E-03
Energy MJLHV | 2.82.E+01 | 4.01.E+01 | 6.83.E+01
resources
Solid waste kg 0.00.E+00 | 1.23.E-01 | 1.23.E-01
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2.50.E+00
2.00.E+00
1.50.E+00
1.00.E400

5.00.E-01

Gasoline Total
4.90.E-01 2.08.E+00

0.00.£+00
Polyester resin

Greenhouse 1.59.E+00

Fig. 6 Greenhouse gas emission result of concrete deterioration
prevention product
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Table 7 Composition of Seoul-Busan KTX route

1 stage 2" stage
Distance (km) | Proportion (%) Conerete consumption Distance (km) | Proportion (%) Conerete consumption

(kg/100yr) (kg/100yr)
Tunnels 87.6 21.5 1.78E+06 175.8 427 3.57E+06
Bridges 96.6 23.7 1.96E+06 117.5 28.5 2.39E+06
Concrete track 53.8 13.2 7.91E+04 85.7 20.8 1.26E+05

Others 170.4 41.7 N/A 33.1 8.0 N/A
Total 408.5 100 3.82E+06 412.0 100 6.08E+06

*Note — N/A implies that data was

not available

Table 8 Alternatives of composition of 2nd stage Seoul-Busan KTX route

1* alternative 2" alternative
Distance (km) | Proportion (%) Concr(elieg/cl%r(l)syurr)nptlon Distance (km) | Proportion (%) Concr(eli;cl(:)r(l)syurr)nptlon
Tunnels 171.7 42.5 3.49E+06 171.7 41.7 3.49E+06
Bridges 113.4 28.1 2.30E+06 113.4 27.5 2.30E+06
Concrete track 85.7 21.2 1.26E+05 93.9 22.8 1.38E+05
Others 33.1 8.2 N/A 33.1 8.0 N/A
Total 403.9 100 5.92E+06 412.0 100 5.93E+06

*Note — N/A implies that data was

not available
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