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Economic Analysis on Transshipment and the Gauge-Adjustable System for
Trans-Continental Container Transportation

nile)
HEP*

Kwang Woo Chung

Abstract With a view to the commercialization of the Korean automatic variable-gauge bogie in the Eurasia railway sys-
tem, the aim of this research was to perform an economic analysis concerning the possible introduction and operation of this
bogie at the present time. For this purpose, we compared the possible types of freight connection service for container trans-
portation, transshipment and the gauge-adjustable system, estimating the total life-cycle cost (LCC) incurred by each sys-
tem, depending on type and quantity, over the whole process of acquisition, operation, maintenance and disposal. Based on
this, we presented a case-by case analysis. Furthermore, in estimating economic feasibility, we analyzed the cost-benefit
ratio taking into account not only the objective LCC, but also the reduced time required for the gauge-change and customer
convenience. After estimating the LCC and analyzing the cost-benefit ratio of the respective systems, we demonstrated the
economic superiority of view of the gauge adjustable system.

Keywords : Handling system, Transshipment, Automatic variable-gauge, Railway transportation system, Cost-benefit ratio
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Table 1 Container transportation routes and distance

Distance[km] )
Routes Gauge-adjustable place
1435mm 1520mm Total
Route I : TKR-TSR 1,327 3,652 4,979 Dooman river/Hasan
Dooman river/Hasan
Route IT : TKR-TSR-TMR-TSR 2,815 1,085 3,900 Suifenhe/Grodekove
Manchouli/Zabaykalsk
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Table 2 Transportation service container throughput

. . Service time Throughput
Service type Service method .
[minute] TEU/day Ton/days
Servi t hi t usi
Transshipment ervice group transshpment using 290 300 6.450
gantry crane
Variable gauge system Gauge changing facility 45 1,920 41,280

Remark: 1) Service group - 30 freight car, 2) 2 TEU(21.5 ton *2)/freight car, 3) Exclude prepare time

Table 3 Container transshipment equipment

Space of transshipment terminal Transshipment equipment Track system
Container yard 41,000m> 2 Gantry crane 2 sidetrack use shunting work 1,500m
Sidetrack 22,000m> Length 34.7m 2 sidetrack use crane work 690m
Green Zone 2,500m? Capacity 50ton Main line 1,450m
Storage space of spare car 14,000m> Lifting height 11.8m Crane guide way 690m
AAZE 11028 18sle] 290202 Agalgon, o] & Table 4 Freight car and container unit
Al F-HE APAE QoA FHE I Q= dAH A A Freight car use 1520mm track
AR 3L 8F3TH3.4,10]. Conte'liner Freight car use 1435mm track
transshipment
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Universal ISO container 20ft

Standard platform freight car
(exclude bogie)

Universal ISO container 20ft

Variable gauge system

Automatic gauge-adjustable bogie

Table 5 Operating personnel

Operati
Service type peraiing Breakdown
personnel
Container 23 6-Crane, 12-Loop worker,
transshipment 5-Administration
Variabl 6-Observer,
ariable gauge
gaug 12 3-Control system operator,
system N
3-Administration
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Table 6 Wagon turn-back days for container transportation (Route I)

Variable gauge system Container transshipment
Parameter Symbol
Remarks Value[hours] Remarks Value[hours]
prepare time in a departure station 1 - 10 - 10(20)
Number of the loading group Hig 2group(30 freight car) - 2group(30 freight car) -
Time of the loading group lig 240min 8 240min 8(16)
Transportation Time in 1520mm bt §=3,652km, V;=50km/h 73(146) §=3,652km, V};=50km/h 73(146)
Loading and unloading time U Locomotivg exchange and 0.75(1.5) 1 group transshipment time - i
gauge-adjustable time 180min
Total group transshipment time 6(12)
Alteration of transshipment i
group 110min
Total alteration of transshipment 3.6(73)
group
Prepare time 5(10)
Transportation time in 1435mm Lot s=1,327km, V;,=60km/h 22.1(44.2) s=1,327km, V;,=60km/h 22.1(44.2)
Number of the unloading group Hug 2group(30 freight car) - 2group(30 freight car) -
Time of the unloading group lug 240min 8 240min 8(16)
prepare time in a arrival station 1y - 10 - 10(20)
Compensation factor n 12 - 1.2 -
Turn-back days 273 hours = 11.4days 350 hours = 14.6day

Table 7 Technical parameter in route I

Variable Gauge System Transshipment
100,000 200,000 300,000 100,000 200,000 300,000
[TEU] [TEU] [TEU] [TEU] [TEU] [TEU]
Service group 30 freight car 30 freight car
Service
Throughput[day] 1,920 [TEU] 300 [TEU]
process
Max throughput[years] 700,800 [TEU] 109,500 [TEU]
Ground facility 2 crane 4 crane 6 crane

Equipment in the gauge interface site

(1435/1520mm) Surveillance system 2 reach stacker | 4 reach stacker | 6 reach stacker
Load Unit ISO 20fit container ISO 20fit container
. Standard freight car with the automatic .
Transportation Freight car . . Freight car use 1435mm
gauge-adjustable bogie
means
Turn-back day 11.4day 14.6day

Demand freight car 1,795 3,589 5,384 2,298 4,595 6,893
Operating personnel 15 38 72 106
Storage space[rate] 1 7.45 14.9 22.36
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Table 8 Technical parameter in route 11
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Variable Gauge System Transshipment
100,000 200,000 300,000 100,000 200,000 300,000
[TEU] [TEU] [TEU] [TEU] [TEU] [TEU]
Service group 30 freight car 30 freight car
Service
Throughput[day] 1,920 [TEU] 300 [TEU]
process
Max throughput|years] 700,800 [TEU] 109,500 [TEU]
Equipment in the gauge interface site Ground facility 6 crane 12 crane 18 crane

(1435/1520mm) Surveillance system 6 reach stacker |12 reach stacker| 18 reach stacker
Load Unit ISO 20fit container ISO 20fit container
. . Standard freight car with the automatic Freight car use 1435mm
Transportation Freight car

gauge-adjustable bogie

Freight car use 1520mm

means
Turn-back day 8.9 day 14.9 day
Demand freight car 1400 | 2800 [ 4200 2342 4,684 7,025
Operating personnel 45 114 216 318
Storage space|[rate] 1 7.45 14.9 22.36
Table 9 Consideration of LCC model
Container transshipment Variable gauge system Remark

Common elements

Locomotive, driver, energy consumption, administrators

Exclude from the cost elements

No. of freight car

Required freight car

Discrimination

Maintenance

elements
Gauge interface site

Equipment and operating personnel

Equipment maintenance

LCC, RAMS

Benefits elements

Time value of cargo

Occupied space(Land cost, Terminal fee)

Benefits by the difference of the
service type

acquisition cost & owner cost(Route I, 100 thousand TEU)

acquisition cost & owner cost (Route IT, 100 thousand TEU)

150

B acquisition cost
W owner cost

S 100
‘3 78.22
=3
1
5
% so
<
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Scenario I

Scenario II

b) Route 11

Fig. 1 Total LCC in transport scenarios
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Accumulation LCC Cost (Route I, 100 thousand TEU)

==Scenario |

—&—Scenario Il

accumulation cost [biliou]

: e
Life Cycle
a) Route |
Accumulation LCC Cost (Route II, 100 thousand TEU)
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g
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0 5 10 15 20 25 30
Life Cycle
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Fig. 2. Accumulated LCC in transport scenarios
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Table 10 Total LCC [billion won]
Transport volume [TEU/Years]
100.000 200,000 300,000
Container transshipment 1,126 2,244 3,362
Route I
Variable gauge system 1,205 2,379 3,554
Container transshipment 1,322 2,621 3,920
Route II
Variable gauge system 1,009 1,925 2,841
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Table 11 Cost-benefit ratio in route I (discount rate r=5.5%) [Unit : billion won)

Items 100,000 TEU | B/C Ratio |200,000 TEU | B/C Ratio {300,000 TEU | B/C Ratio
Time saving 226 453 680
Benefit items
Cost saving in terminal fee 234 47 70
LCC cost in Variable Gauge System 731 3.01 1,448 3.24 2,165 3.32
Cost items LCC cost in Container Transshipment 648 1,293 1,939
Difterence of LCC cost 83 155 226

Accumulation Cost (Considering the benefits) (Route I, 100 thousand TEU)

1,000.00
=gr=S5cenario | L
3 80000 —e—Scenario M
é M'
a
% - W
‘:E 400.00
; 200.00
T T I
Life Cycle
Fig. 3. Accumulated LCC (Considering the benefits)
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