SR BE Y RS =23
Journal of The Korea Society of Computer and Information
Vol. 27 No. 1, pp. 157-166, January 2022
https://doi.org/10.9708/jksci.2022.27.01.157

Feasibility Study on Introduction of Piggy-back System by

Applying Transport Database

Yong-Jae Lee*, Chulung Lee*, Yong-Hoon Kim** Seong-Ho Han*+*

*Postgraduate Student, Dept. of Industrial Management Engineering, Korea University, Seoul, Korea
*Professor, Dept. of Industrial Management Engineering, Korea University, Seoul, Korea
*+Researcher, Logistics system Research Team, Korea Railroad Research Institute, Uiwang, Korea
*x*Researcher, Smart Electrical & Signaling Team, Korea Railroad Research Institute, Uiwang, Korea

[Abstract]

In this study, The goal is to analyze the feasibility of introducing a Piggyback system that can
reduce the time and cost incurred by transshipment work and improve the transportation speed when
transporting complex cargo by rail. To this end, the feasibility analysis methodology is reviewed
through domestic and international literature review. In order to quantitatively derive the feasibility
analysis values, a transportation database was applied to develop a freight transport simulation model
and a freight demand prediction model for major freight transport O-D routes with a transportation
distance of 200 km or more. As a result of analyzing economic feasibility by setting the analysis
period to 15 years on the premise that the Piggyback System will be introduced on major cargo
transport O-D routes in 2025, the NPV value was positive and the B/C value was 1.18, indicating that
the Piggyback system was economical. The proposed research method can be meaningful data for

establishing transportation policies that can improve the competitiveness of railroad transportation.

» Key words: Piggyback system, Transport Database, Transportation, Transshipment Cargo,
Multi-modal, Modal Shift
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I. Introduction
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Fig. 1. Transshipment method through

Piggyback System.
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II. Literature Review

1. Domestic Literature Review
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Table 1. Summary of Domestic Literature Review
Author Summary of Literature
Ryu Claims on the necessity of introducing
HyungGeun convertible transportation through
(2017) consideration of precedent cases.
Ki .
'm Development of core transportation
Jungkook. technologies for Intermodal
(2016) g '
Shin The necessity and effect of conversion
Seung Jin transportation are presented through
(2020) analysis of technology patent trends.
. . Analysis of the influence relationship
Bulim Choi ) R .
between Model shift activation policies
(2011) . .
using a structural equation model.
Park Tiha Application and Fea.sibility Anal)./sis of Key
Factors for Piggyback Railway
(2014) .
Transportation
Sung Ho Define the necessary components and key
H?Jr factors for the development of the
(2017) automatic transport system simulation
model of the Piggyback system.

2, International Model Shift Literature Review
292312 JavierTarrifno-Ortiz (2021)0] A58+
LEZ(Low Emission Zones)X]7gofl Qlo] Fghu-F7dxHo]
0)R]+= F3ke A5 T 13]. Melody Khadem Sameni
(2021)2 Z2Ujulolai A Shito] Th2 Elslere] RYAlL
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Table 2. Summary of International Literature Review

Author Summary of Literature
JavierTarr A study on the impact of transition
ino-Ortiz |transportation policy on the designation of low
(2021) emission zones (LEZ) in low pollution areas.
Melody A logit model, a means selection prediction
Khadem | model, was constructed and compared for the
Sameni change in Tehran's modal shift due to the
(2021) spread of coronavirus.
Jingran | A study on the environmental advantages of
Zhang accessing Shenzhen Port, one of China's major
(2021) ports, through railroad transportation.
Fra.n2|ska Analysis of how modal shift affects commuting
Meinherz from the suburbs to the center
(2021) )
Sanhita Development of a logit model that predicts the
Das(2021) proportion of private cars and public
transportation according to COVID-19.
Ercan Establishing a transportation selection model
Kurtulu to provide a framework for developing effective
® modal transition policies to reduce high road
(2020) S . )
dependence in inland container transportation.
Mattia After conducting descriptive statistics on the
Borsati determinants of transportation selection
through modal shift, the mean and standard
(2020) .
deviation are presented.
Jun Analysis of the phenomenon that changes in
Mizutani ownership and tolls of tracks due to
restructuring have affected Japan's conversion
(2020) . .
transportation policy.
.| Evaluation of changes in traffic volume due to
Changmin } . .
. improved railroad speed. In analyzing the
Jiang L .
effects of CO2 emissions, game theory is
(2021)
developed.
Benoit Analysis and prediction of changes in market
Conti share by transportation method divided into
(2018) optimism, average, and pessimism.

III. Methodology

1. Research Framework
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Fig. 2. Overall Framework

2. Detailed methodology

2.1 Selection of feasibility analysis methodology
and Deriving the Cost and Benefit items
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Table 3. The suitability of the economic analysis
tool according to the investment analysis tool.

Investment decision NPV | LCC | IRR

Accepted /Reject N C
Alternatives that are not

related to each other R ¢ N N N

Classification C.N R R

R : Recommended, N : Nonconformity, C : Appropriate

BCR | SIR
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Table 4. Initial construction investment cost.

Unit con.struc
. Price . tion
Item Unit (Tsuess Quantity exp.er.lses
won) (Billion
won)
Togong m 29 11,791 3.42
Stati A cargo card m 46 7,391 3.35
on package m 40 2,015 0.81
Making a road | m 236 1,315 3.10
Drainage I 392 2,000 7.84
Orbit Building Tracks | m 620 2,252 13.96
Building tracks | mi | 118,440 23 27.24
Hah
wad Blend m | 30,000 20 6.00
ae
Total 65.72
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Nyyw=E,+ (Qu X Qrpy < Qy)
W onsumption = actual input X Qs
Weost = Weonsumption >< KRW 250 million.
Ciraiter = Weonsumption >< KRW 20 million /Trailer

Formula. 1. Formula for the number of trips and the
cost of putting in trailers
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Table 5. Cost and benefit items

Cost
Initial investment cost.

Benefits.

Freight reduction benefits.
Greenhouse gas reduction
benefits.

Benefits of preventing
traffic accidents.

The benefit of preventing
traffic congestion.

Operating expenses.

2.2 Development of a simulation model for
freight transportation of major O-D routes.
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Table 6. The selected major O-D routes.
Unit. [1000ton(%)]

Road Railroad
0- D- ) .
0-D di t di t traffic. traffic.
“ation | station | (Market | (Market
Share) Share)
Busan-Gy | Busan Uiwang
eonggi | Shinhang 1CD 15,168(89.6) | 1,753(10.4)
Gyeonggi | Uiwang Busan
“Busan 1cD Shinhang 14,585(85.9) | 2,392(14.1)
Chungna Busan
m-Busan Cheonan Shinhang 4,119(88.1) | 556(11.9)
Busan-Ch| Busan
ungbuk | Shinhang Okcheon | 3,029(99.7) 8(0.3)
Busan-Ch | Busan | o 000 | 2,7640915) | 258(8.5)
ungnam | Shinhang
Total 39,665 4,967
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Fig. 3. Simulation Model of freight transport by each modal
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Table 7. Representative industrial complexes and

logistics complexes by O-D route.

Area o5 Address
complexes
Gyeonaai 512-40 in Sasilro,
yeongg Icheon Herb Moga-myeon, Icheon-si,
1st .
Gyeonggi-do
Gyeonggi Gwangju 642-70 in Sansuro,
2nd Mega Gwangju-si, Gyeonggi-do
Hubgonjiam. ' '
. 1627 k -
Gyeonggi |B2B One Sam 627 Jukyang daer.o,
Wonsam-myeon, Cheoin-gu,
3rd Hub Center. L .
Yongin-si, Gyeonggi-do.
Busan CJ Logistics 9 Seongnam-ro, Dong-gu,
Center. Busan.
Okcheon Hub 65 Geonjin 2-gil, Iwon-myeon,
Chungbuk Terminal Okcheon-gun,
' Chungcheongbuk-do.
CJ Jungbu 43-14 Dujeong Industrial
Branch Complex 2-gil, Seobuk-gu,
Chungnam Cheonan Cheonan-si,
Office. Chungcheongnam-do.
Area LS Address
Complex
Southern Hwaseong Banwol-dong, Hwaseong-si,
Gyeonggi General Gyeonggi-do.
Northern . LG—ro.245., Wolong—mygon,
Gyeongai Paju LCD Paju-si, Gyeonggi-si,
Gyeonggi-do
Noksan .
Busan District 12%:] Song_ueonlg do:g,
National angseo-gu, Busan.
41-1 k-ri h -
Chungbuk Ochang 6 . Gakeri, Ochang .eup,.
Tet Science Cheongwon-gu, Cheongju-si,
Chungcheongbuk-do.
. 21 Baek -ro 72 -gil
Chungbuk Cheongju aekbong-ro be"f‘ g'.’
ond General Heungdeok-gu, Cheongju-si,
Chungcheongbuk-do.
Asan yongdu-ri, Tangjeong-myeon
Chungnam Tangjeong Asan, Chungcheongnam-do.
Techno
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Formula. 3. Time required for the freight transport O—D route.
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Formula. 4. Costs required for freight transport O—-D route

2.3 Development of cargo demand prediction
model for each model.
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o] Z(random utility)o]] 7]|xgh OiFdEIRFRl =24
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402 5% 4 9ot

Uvijk: - (TTime )/Jk + Qs ( TCOST)ijk: + (Dummy)k

+ (constant ),

Formula. 5. Formula of Utility function

U , = Utility function of transportation A
Uy = Utility function of transportation B

U,
Probability of choosing A © P4) = —f =
e A e B
U
" , e
Probability of choosing B : P(p) = — =
e A e B

Formula. 6. Formula of Predicting the probability of
choosing between means of transportation by route.
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Table 8. Utility function for each O-D route to be analyzed

0-D formula of Utility function
Road Uijkz_ 0'3176(TTime )‘Jk
transport —0.0118(T B
utility 0.0118(Tcosz )i
. function o 3']‘78(Dummy)k
Gveonagi- I iy
B = ) s
usan (Piggyback) Uv’/,]k: 0'3176(Tﬂnm)uk;
Transport - 0.0118(T(705T)W
Utility = 3.178( pumma). +0.607
Function (DunLnLy),,.
Road Uijkz_ 0'3176(TTime )LJk
transport _ B
utility 0'2111788( Teosr)o
Busan- fF:Jn.(IZtIOH : (Dummy),
G i allway = ) s
yeonggi (Pioayback) Uik 0.3176(TT””6)U,€
Transport - 0-0118(T(705T)7;jk;
Utility —3.178 pummy). +0.903
Function (DunLnLy),,.
Road Uijkz_ 0'3]‘76(TTZ'me )‘Jk
transport _ .
iy 0.0118(Tcosr) ik
function o 3']‘78(Dummy)k
Chungnam- Rail
B altway = ) s
usan (Piggyback) va,jk: 0'3176(TT7,71L6)UI<:
Transport - 0-0118(T(705T)7;jk;
Utility —3.178 pummy). +1.138
Function (Dummy),
Road Uijkz_ 0'3176(TTime )‘Jk
Busan - transport _ 118(T y
Chungbuk utility 0.0118(Too57)ise
function - 3']‘78(Dummy)k
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Railway _
(Piggyback) Uvijk_ 03176(TT/!H( )/Jk
Transport —0.0118(T(705T)W
utility —=3.178 pumy) 3
Function (Dum,m,y),,.
Road Uijkz_ 03176 (TTime )LJk

transport —0.0118(T y
utility (Teosr)ign
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ailway L
Chungnam (Piggyback) Uvijk:_ 03176(TT/IH( )/Jk
Transport —0.0118(T(705T)W
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Functi)c/m 3'178@"””/"'/3/);‘ +0.693
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Table 9. Predicting the demand for cargo by means
of transportation after the Piggyback system was
introduced

Unit : 1000ton, %
Railroad Railroad
traffic traffic Increase
0-D Year .before the .after the. amount
introduction | introducti (Market
of the on of the Share)
system. system
2025 2,797 11,444 8,644(57.6)
Gyeonggi- | 2030 2,995 15,737 12,742(74.1)
Busan 2035 3,207 18,694 15,487(76.8)
2040 3,435 18,958 15,524(79.4)
2025 2,050 11,883 9,520(52.1)
Busan- 2030 2,196 17,806 15,610(69.1)
Gyeonggi 2035 2,351 22,328 19,976(71.7)
2040 2,518 23,550 21,032(74.1)
2025 651 2,908 2,281(55.2
Chungnam-| 2030 697 4147 3,449(73)
Busan 2035 747 5,007 4,261(75.4)
2040 799 5,372 4,573(77.6)
2025 12 93 83(2.5)
Busan - 2030 12 190 177(4.4)
Chungbuk | 2035 13 279 266(4.9)
2040 14 360 346(5.4)
2025 303 1,669 1,359(46)
Busan- 2030 325 2,571 2,246(65.3)
Chungnam | 2035 348 3,159 2,812(68.1)
2040 372 3,425 3,052(70.8)

IV. Conclusions
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© ZAAY B4R AAlE B/CRiaH NPVZLolc,

Table 10. Economic analysis results.

Present Present
value of value of B/C NPV
Benefits the Cost
24,462 20,271 1.18 4,191
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