Int. J. Highw. Eng. Vol. 18 No. 5 : 83-93 OCTOBER 2016
http://dx.doi.org/10.7855/IJHE.2016.18.5.083

&AL n&E 2o vt Asa ABF YA

Does High-Speed Rail Have Superiority over Motorway in Terms of CO. Emission?

ZEf M Kang, Taeseok H3|¥ - MESrhistn stdtsty stAdA &St BhAFDFE (E-mail : tslux04@hanmail.net)
24 s Chang, Hyunho H3|H - ME2oistn stAChsHY stAA Slstat AR w S - AKX} (BE-mail : nettrek@snu.ac.kr)
ABSTRACT

PURPOSES : The aim of this article is to compare and identify eco-friendly competitiveness between (regional) motorway and high-speed
rail(HSR) from the perspective of COz emission in the Republic of Korea.

METHODS : In order for an analysis of low-carbon competitiveness between the two modes, COze emission, COzeppk (equivalent CO2
gram per passenger kilometer), is employed as a comparison index. As for HSR, the index is calculated based on the passenger transport data
and the gross of COze produced by Kyungbu high-speed line in 2013. Additionally, the gross of COze is computed by the greenhouse gas
emission factors of domestic electricity generation mix. Regarding the index of motorway, it is directly calculated using both the official COxe
emission factor and the passenger-car occupancy of motorway.

RESULTS : The results revealed, in the case of inter-regional transport, that the CO2e emission of displacement-based cars is 54.9% less than
that of HSR, as the domestic electric power systems heavily relies on the thermal power plants over 66%. Note that internal combustion engines
commonly used for vehicles are more energy-efficient than steam-driven turbines usually utilized for thermal power generation.

CONCLUSIONS : It can be seen, at the very least in our study, that HSR has no superiority over motorway in the case of COe emission
under the situations of domestic electricity generation mix. In addition, advanced eco-friendly vehicles have strong advantages over HSR.
Therefore, all-out efforts should be made to develop and harvest renewable energy sources in order to achieve low-carbon HSR, sparing fossil
fuels.
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Model 1 : Exclusive exploitation  Model 2 : Mixed high speed

High Speed Conventional High Speed Conventional
Trains Trains Trains Trains
High Speed Conventional High Speed Conventional
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Meodel 3 : Mixed conventional Model 4 : Fully mixed

High Speed Conventional High Speed Conventional
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High Speed Conventional High Speed Conventional
Tracks Tracks Tracks Tracks

Fig. 1 Rail Operation Types (Campos and de Rus, 2009)
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Table 1. CO2 Emission Factors for Electricity Generators
(IAEA, 2006)
Energy source COze emission factor|COz2e emission factor
(gCO2e/kWh) (tCO22/MWh)
Coal 991 0.991
Petroleum 782 0.782
LPG 549 0.549
Biomass 70 0.070
Solar energy 57 0.057
Wind force 14 0.014
Nuclear 10 0.010
Hydroelectric 8 0.008
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Fig. 2 Power Generation by Types of Power Plants in
Korea (2014)
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Table 2. Power Generations and CO. Emissions for
Electricity Generators at HSR Operation Time

Power  [CO2 emission -
Type of power . CO2 emission
lants generation factor (tCOze)
p (MWR) | (tCOze/MWh)
Total 456,480,488 0555  [253,434,856(100.0%)
Steam 191,777 479 0.983 188,525,590(74.4%)
Internal-combustion| 453,174 0.782 354,382(0.1%)
Combined cycle | 112,603,615 0.549 61,819,385(24.4%)
Non-scheduled 11541544 0.057 657,868(0.3%)
Hydro electric 7,013,042 0.008 56,104(0.0%)
Nuclear power 121,581,446 0.010 1,215,814(0.5%)
Cogeneration 11,510,188 0.070 805,713(0.3%)

Note: Values are calculated during HSR operation time (5pm—2am)
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Table 3. The Gas Mileages and CO. Emission Factors of Non—Commercial Cars in Korea (2013)

Nurilser @ Gasoline Diesel Total
CIERD ¢ non-commercial cars
i Gas mileage Gas mileage Gas mileage
displacement | istered(vehicle) | (kmy) - | COze(a/km) | 745 TUAR98 | Cone(g/km) | 245, RS9 | COzelg/km)
Total 10,090,826 - - - 15.6 166.1
Light cars _ _
(less than 1,000CC) 1,431,903 19.4 121.2 19.4 121.2
Compact cars _ _
(1,000CC - 1,500CC) 1,531,703 16.7 140.5 16.7 140.5
Medium cars
(1500CC - 2,000CC) 5,296,304 15.1 158.6 17.0 162.4 16.0 160.4
Heavy cars
(more than 2,000CC) 1,830,685 9.7 247.8 17.0 231.8 10.7 239.9

Note : All models of cars produced by automobile manufacturers in Korea are classified into four groups based on engine displacement,
and for each group average gas mileage and CO2 emissions are calculaterd, 48 low—speed electric vehicles and 183 electric
vehicles are not included in the number of registered non—commercial vehicles,
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Table 5. CO. Emission of Kyungbu High Speed Line

Classification Value
Annual electricity usage(MWh) 789,405
CO: emission factor(tCO.e/MWh) 0.555
CO: emission(gCO:e) 438,272,425,596
Annual passenger traffic(passenger-km) | 2,641,492,051
CO: emission unit(gCO.e/passenger-km) 165.9

AEER9 COp WS Aokl =4 58419 vl7]
F odE Wt COp WiEAT A A 7 S84
ARFAAA.551/H)& ol-gste] Ailstglon, 1 4
F}+= Table 63 2ttt CO: HiE U (gCOze/Q] -km)
b 7 e AL 782, £2F-E 90.6, - 103.5
2 Yeston, COo» MiEAS7F 7V &t 58419
Z9-ol= 154,82 A=t 281 AA Het A
Q1= 107.28 AP E 1)

Table 6. CO. Emission of Motorway

CO2 emission| Passenger car | CO2 emission unit

Classification factor occupancy”  |(gCOze/passneger
(gCOze/km) |(passneger/vehicle) -km)
Total 166.1 107.2
Light cars” 121.2 782
Compact cars’ 1405 155 90.6
Medium cars 160.4 1035
Heavy cars 239.9 1548

note 1:Study on Modification and Supplementation of Standard

Guideline for Preliminary Feasibility Studies for Roadway and
Railway Projects. 5th ed.

2:The engine displacement is less than 1,000CC.

3:The engine displacement is between 1,000CC and 1,500CC
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Table 7. Variable Adjustments for Scenario Analysis

(Unit : gCOze/km, passenger/vehicle)

Scenario Variable adjustment Value
A Standard CO: emission factor 166.1

B 10% increased in CO. emission factor | 182.7

C 20% increased in CO. emission factor | 199.3

1 Standard Passenger car occupancy 1.55
10% decreased in passenger car occupancy | 1.40

3 20% decreased in passenger car occupancy| 1.24
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Fig. 4 Results of the Scenario Analysis
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Table 8. Comparison of the CO. Emission Units between
HSR and Motorway

CO2 emission unit e .
— CO2 emission ratio
Classification (gCOze/passneger-
km) of HSR to motorway
HSR 165.9 -

Total 107.2 154.9%
Light cars 782 212.2%
Motorway | Compact cars 90.6 183.0%
Medium cars 103.5 160.3%
Heavy cars 154.8 107.2%
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