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Comparative Analysis on the Rail and Road Freight Transportation:
Air contaminant and greenhouse gas emission
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Abstract With increasing global concerns for environmental impacts, efforts have been made to encourage a modal shift
from road freight to an eco-friendly transport system such as rail freight. In Korea, the government has set master
plans for a green transport system but has not taken any substantial action to promote rail freight transport. In
developing policies and actions to promote rail freight, quantitative studies on environmental impacts among
transportation means are essential. This study examined the air pollutant emissions and greenhouse gas (GHG)
emissions per unit freight transported by road and rail, respectively. To improve the accuracy, we analyzed emission
data and freight transport mileage of rail freight considering diesel locomotives and electric locomotives separately.
The results show that unit air pollutant emissions (except SO2) from road freight are about 7~15 times more than those
from rail freight. In addition, the GHG emission unit of road freight is about 4 times higher than that of rail freight.
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*06
10,554
7.22

’05
10,108
7.09
11
9,997
7.05

’04
10,641
7.73
’10
9,431
6.95

’03
11,057
7.71
’09
9,273
6.93
KOTI[12], National Transportation Statistics

*02
10,784
7.64
’08
11,566
8.11

transport share of rail (SR)
(RV: million ton-km, SR: %)

°01
10,492
7.6
*07
10,927
7.57

RV
SR
RV
SR

Table 1. Rail freight transport volume(RV) and freight
Year

Source :
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Table 2. References of data for the calculation of air BNARE E835lo] U E APESHE v 2ol
pollutant per unit freight transport SO 2 A93 Yz 0984 w2 EJ|2Y T
Data Field Source 7} Axo) w8 2k 10~158] Az B AL o S 9k
Road |National Transportation Statistics
pg;fz‘;:;‘;e wul | Statistcal Yearbook of MLTM Table 5. Air pollutant emission per unit freight
| Statistical Yearbook of Railroad (g/ton-km)
Air polllutant Road |National Tmfﬁc lSurvey and DB Total co HC NOx PM SO,
emission Rail |Construction projet
Road 12.046 | 2.933 0.887 7.898 0.322 0.006
Rail 0.846 0.208 0.084 0.508 0.033 0.013
EREE 0d%A WEY AR AMNER(14] Road/Rail | 1424 | 14.09 | 10.55 | 1554 | 983 | 045
of whew vheat ol AEW A FYA) wjEA
5 ol Ao 3
> EgE AEEE s 9ok AT A1 ARE miE wolgole AL HHsA|
&tk 31004 AFE upe o] dwe] A9 2HE4
W2 | WEHEM) = AEAE Y 5d) < W&k AnE ARl vlEletes Fof x| 2
A 2 A FFAY (km/d - J)x o] Ao A7) 7l BE 713 S T
: 3 7|2} B oo HA771 B = &=
=) W% A 2-(@ham) < 10-5(Ekg) o) A A BAp okt A7 B Seas
o] g2 FEg 9ista e d3tel) uebA ©7] 2
- - - - - ) o] Al A [e)e:R=R3) =gkl =R [eXez]
AEnrel 09wy W e AuAlopln 9x AR DR 298 WEEE TESel o
o 25U oY olgF AmanES AR WEAs  EA HE A9NE sk o] Bast s 2
- - 1= = 5} 0 A plE=AIZ=T) Q= A}
2 @ate] AReta 9o stole 2 9l Wolli= 7l tigt L AEA wlE A7) Sl A3e|n
2 ¥ ATNAE TR 44 Bestel Ag
E | EFEN) = AR (keg/kl) x 9= wus] ®Br)2 sl
2k 2] A7 Ag ARkl D) x L o _
e i MPIE 7% AESEEANAE DA/ 1w 2 A
17183 ZH2o)| i3k Ekm 3R A7) Qick
_ SR 7B E 3R} £EAHe AFo] Ha 9o
3.2 LH?lg%,'%xl HHE '?.:'I'nz_l"?‘l ﬂ%‘l ?Edﬂl' ] ] ]’o = ﬁ']"l‘o =271 ]o ] ] S
_ B2 shae] B2 W& ALgEle] 7B
Sl A TA8] WEH 2010 V& =2HEE -
i i i W SEFSAAE ey 2ol §58 5 A
9 ARRE g edEd EF T sl dAd §
o rhogl 7k
RLN . =] E “T. - - -
ARSEFEAY (T AP =
. - - g o= - A= em (] A)
D222 AA (B, © =
Table 3. Air pollutant emission of freight transport FEZ 544 (Ekm) STk (T A+ A7)
(ton/year)
co HC NOx M 50, 20104 7] AHTNRE 7202 WA F3E 5
Truck 301,504 91,201 811,984 33,153 599 - = - -
% T UA7|BAE olgsto] 53 vES AN
Train 1,967 795 4,803 310 122
B ok 752%9S & 5 drh
ZEHIH11] 2 FLuEAFA[12]04] oheT Table 6. Train-km, locomotive-km and car-km for rail
20l 20104 71 2 % AEE o188 5404 freight transportation
= j—:y]' Qs ‘)l: 9}1\5]' Train-km Locomotive-km Car-km
Total 24,313,653 24,313,653 429,084,907
Table 4. Transport performance of Road and Rail freight Diosel
. 18,689,074 18,689,074 322,524,593
— locomotive
Transport volume (million ton-km) Electire
Road freight 102.808 locomotive | 3624579 5,624,579 106,560,314
Rail freight 9,452 Source : KORAIL et al.[13] statistical Yearbook of Railroad
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Table 7. Unit air pollutant emission (considering diesel
locomotive only for rail freight, g/ton-km)

AR B g2 WA F R HEL E2o AR

K5 NOx, CO, HC, PM, SO2 $=41o1n SO2¢] 7% A
E3}Eof A At o] E2skE] Hlg) 3ulAEe]
v o2 e dEA vl A ALE|A n]go] HAE

ol 2010d 715 ALS) A B]&

o F9e

e e 2o
Contents | Total CO HC NOx PM SO,
Road | 12.046 | 2.933 | 0.887 | 7.898 | 0.322 | 0.006 Table 10. Total social cost of freight transportation
Rail 1126 | 0277 | 0.112 | 0676 | 0.044 | 0.017 (unit : 1000won)
Road/Rail | 10.70 | 10.59 | 7.93 | 11.68 | 739 | 034 Contents Total Cco HC
Road 8,070,919,997 1,964,901,568 594,356,917
Rail 52,116,449 12,818,939 5,181,015
E]Z‘ﬂ:']_7]jﬂ'i]' /‘;_]Z:}E’_}_- —T’—E%g}oq }\\_Xé?_}: %_Ol— %Eﬂ EH Contents NOx PM SO,
712 9EA wjE 9= 7|EdM] oF 30% 5= 57t Road 5,291,699,728 216,058,101 3,903,683
St S < 4 At SR g Ay dAke 2 v wlE} Rail 31,301,151 2,020,270 795,074
'E 73‘?‘—1;_ SOZ% X‘”Q/I J—U%E ] EH H/\i'— éEﬂ'
=2 wEEE7E o 1/7 ~ 1/11 S5 &3t 271 Axd va] 99eE 3 ok 10.78919] AR A
A AT+ 9l 08-S WA ER 20109 7)F EREE] 10%Z
AR SHUT U/10QEd WETe) Baz <19
3.3 t7|2EEE AtE|N HIE H| A}3) A vg Al o 731799 A} Hn H7)7]
FAREATAB]] B2W 20109 71F 2FEA  BRE olgske WM Pk A v g APl
e IR RS | B e o= d g g AXA Ak
Table 8. Social cost of unit air pollutant emission
(1000won/ton)
4, SHIA
Contents CcO HC NOx PM SO,
Cost 6,517.0 | 7,573.9 | 7,840.7 |25,599.0 | 8,806.6 4.1 Sk of|fX] AH| 2 2AITIA HIE |ICHY
AR Al
o2 EfE =29 HTo EkmyY AMFA H&S SATFE AT B‘ZMI FFES MAE VAR WE
MEZbEE S e Aahg Qg 4 ek AN oshaaCOy), WRHCH), oRISHIAM0),
-85} 8F24(PFCs), %rz}ﬂi(Hch) 2123} 8)(SFe) 9]
Table 9. Social cost of air pollutant per unit freight 6202 A At} o]F FE 9 oA AR ol A
transport (won/ton-km) &5 = 24712 % CO,, CHy, NyOO|EZE B oo
Total | CO | HC | NOx | PM | SO, A o] AZEAl 2472 ial] mjEUTE AP EtA
Road freight| 78.50 | 19.11 | 5.78 | 5147 | 210 | 0.04 o t}o-3 7o) W9 5 AH o 47 wjEEo
Rail freight | 7.34 | 1.80 | 073 | 441 | 028 | 0.1 2 Aelstar)
FARE U8 FEAAT 48
L. 27 2w E 3 (gCOe)
s WELRA = e
5 1k S Aol Bkl Qesdd ro g -
_ A7 A wlZ=eko AF% = i i i
) Ol e B WS olsk AbE A &S oF o] LA 7}A W& d <ol wht tierl, tier2, tier3
H .
o) obr] A ] gles o 2 ot} 2 RS Tierl- IPCC(Intergovernmental Panel on Climate
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Table 11. References of data for the calculation of unit
energy consumption and GHG emission

Data Field References
Transport Road |National Transportation Statistics
performance Rail Statistical Year Book of MLTM
Energy Consumption,| Road X
Ei it
GHG emission Rail nergy Consumption Survey
Electricity | K P Exch
Emission factor ec ?1ry oréa ower Exchange
of GHG Fossil |National Greenhouse Gas
fuel Inventory Report
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Table 12. Energy consumed by road freight transport and
rail freight transport

Road freight Rail freight
Diesel (10” keal) 48,662.8 693
Butane (10° kcal) 562.7 0
Electric (MWh) 0 266,348

419 vMiEF As A&t dwsged wRss
Fol| g 247k~ wiESS Ae il v Atk

Table 13. Energy consumption and GHG emission

Energy consumption Greenhouse gas emission
(10° Kcal) (Ton COsz¢)
Road Rail Road Rail
49,225 922.1* 14,016,338 323,093
* oA FEAR A 20pel= HEstE dmiuF A
1,067 10°keal 2 A7} Hlo] 9o} 422p A 3%% olg 2
o] e 9221 10%keald). # AP E ArFY LwF
Aag oty &AVtx wWEFS A 3} 3 2 9221
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Table 14. Energy consumption and GHG emission per
unit freight transport

Unit energy consumption Unit GHG emission
(kcal/ton-km) (gC0s¢e/ton-km)
Road(A) | Rail(B) B/A Road(E) Rail(F) F/E
0.20 0.25
478.81 97.56 (1/4.91) 136.34 34.18 (1/3.99)
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Table 15. Previous research result (Kim. et al.[9])

Unit energy consumption Unit GHG emission
(kcal/ton-km) (gC02¢e/ton-km)
Road(A) | Rail(B) B/A Road(E) | Rail(F) F/E
0.082 0.1

1100.30 90.92 anz 345.1 34.46 (1/10.01)
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Table 16. Comparison between studies

Transport result |Energy consumption
Contents (million ton-km) (10°Kcal)

Road Rail Road Rail
Kim [9] 99,089 | 9,452 | 109,027 | 859.4
This study 102,808 | 9,452 | 49,225 922.1
Energy Consumption 922.1%
Survey - 9,452 | 49,225 (1.067)
Korea Transport Database 102,808 | 9,452 - -
* Table 13 3%
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