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Abstract

The purpose of this study is to determine optimal transportation routes through the comparison of
Korean - European transportation routes of automotive parts and to suggest information that can be
utilized in Korea - Europe trade activities or trade route selection by establishing multipath. This
study analyzed the direct transportation cost, inventory cost, and warehouse inventory cost of the sea
and TSR / TCR railroad transport based on characteristics of automotive parts logistics and
multimodal transportation. Also, this study identifies the most effective transportation route from the
viewpoint of total logistics cost. In addition to the economic factors, we conducted an in-depth
analysis through interviews with corporate executives to identify the importance of the factors with
the behavioral factors, and the reliability was further secured through interviews. Through this study,
it is possible to understand various aspects of international logistics by analyzing the factors of
transportation choice in terms of economic and behavioral perspectives concurrently by differentiating
from existing research.
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Table 1. Literature Reviews Related to Transportation Route

Division

Method

Research

Analysis of Choice Factors,
Relationships and Intentions
of Transportation Routes
and Modes

Select Cost Factors to
Analyze Total Logistics
Cost

T-test, Resilience Test,
Feature Analysis, Intention
Investigation

Cost Analysis

Seo et al.(2016)
Song(2008)
Choi(2009)

Kim(2012), Son(2017)
Jung(2014), Ha(2018)

Table 2. Two Perspectives of Selecting Transportation Modes

Perspectives when choosing a vehicle

Factor

An economic perspective
(Traditional Approach, Normative Model,
Inventory Theoretic Model)

Behavioral Perspective (Behavioral Model)

Cost-related factors
Cost per unit, transit time, Punctuality

Factors Related to Service
Shippers’ Habits, Relationship between
Shipper and Carrier

Source: Author
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Table 3. Basic Assumptions of Research Model

No

Content

Notes

Transportation section : Limited to 4 Korea—European Production
Plants and 1 Consignment Plant of Company H/K

Turkey, Czech
Republic, Slovakia,
Russia(St. Petersburg,

Kaliningrad)
2 Cargo Origin: Busan, DAP Arrival Plant
All Shipping Containers : 40'HC Standard Container Weight per 40HC :
3 Transport Goods : General Automobile Parts 5,000 kgs
' CBM : 23.664
Logistics costs for research validation galir:;itg; I;gs
— Maritime : Nov 2018 FAK Rate by 1 Overseas Company P :
S : X . 18.12.31
4 - Rail : Average Price of Freight Offered by 7 Companies on : .
Air FSC:
_ Air : Price of 2018 4Q of 1 Domestic Compan 11/16-12/15
) pany Applicable
5 Do Not Exceed Shipper and Terminal Free Time
No Demurrage, Detention and Storage
6 Insurance Costs e.g. Cargo Insurance, International Cargo
Liability, etc. and Customs Fees are Excluded
7 No Specification Causes Delay e.g. Natural Disasters, Port
Backlogs, Union Strikes, etc.
Price: USD 30,000 / FEU
8 Inventory Cost per Unit: 0.2 of Product Price?
Inventory Cost per Order: Assumed to be Included in Shipping
Costs
9 Safety Stock at Each Plant: 4 Weeks
10 Annual Commodity Demand: 2018 Forecast for each Plant
11 Compare Only Maritime Transportation, TSR, TCR, Air Transportation Exclude TMR, TMGR
12 Rail transportation of TSR and TCR: Based on Block Train
2. —’,‘—E'-IE% TC=rD + DC+ S(D/ Q) + IC(Q/2) (1)
(1C FEH)ok AaH S 3 F =7HE,
Baumol and Vinod(1970)& +$2=9] A r: 2R A =272 F] T FHE

Adlel= SHoA B3kl Kim Sun-Nam(2012),
Jung Woo-Hyung(2014) and Ha Young-Kyou
2018)llX = &g el mYdom 747 v,
eirlo}, 7S BRIEE AE ul 3l

o ol FAoz vehw olelel 2.

D: R AAF L, L Ee] T A
Ao gk vlER BAD, 1 FARE, ¢
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Hlgo] =] glE oz B ofe} Z

o] 48% % ik,



359 T AFAVE 5TE A4 A2 TE0) B wmAT 309

Fig. 1. TSR Railway Fare Components

Figure 1. TSR Railway Fare Components
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Table 4. Transit Time and Costs by Destination in Europe

. Transit Time(Day) Fare(USD/FEU)
Arrival Port Plant . :
Sea TSR TCR Air Sea TSR TCR Air
|zmit Turkey 33 - 30 2 2,485 - 5,395 20,948
Czech
Koper Republic 31 27 33 2 3,660 7,485 7,318 19,098
Koper Slovakia 31 27 33 2 3,730 7,365 7,468 18,948
Saint .
Petersburg Russia 44 31 27 2 3,385 4,325 3,290 26,198
Kaliningrad Russia 43 95 30 2 300 6215 8090 26,39
Consigned
Notes: 1. Maritime Fare : Major Overseas Shipping Companies FAK Rate on NOV 2018
2. Rail Fare : Average Freight Rates Offered by 7 Domestic and Overseas Companies in NOV
2018
3. Air Fare : Price on 2018 4Q of 1 Domestic Company, Chargeable Weight : 5,000kgs

Table 5. Total Logistics Cost of H company's at Turkey Production Plant

(Unit : USD, FEU)

Division Sea TSR TCR Air
r $2,485 - $5,3% $20,948
D 2,070 - 2,070 2,070
Direct Transportation Cost $5,143,950 - $11,167,650 $43,362,360
| 0.2 - 0.2 0.2
t 33/365 - 30/365 2/365
D 2,070 - 2,070 2,070
C $30,000 - $30,000 $30,000
Inventory Cost in Transit $1,122,940 - $1,020,822 $68,055
| 0.2 - 0.2 0.2
C $30,000 - $30,000 $30,000
Q/2 19.9 - 19.9 2.84
Warehouse Inventory Cost $119,423 - $119,423 $17,014
Total Logistics Cost $6,386,277 - $12,307,895 $43,447.428
Notes: 1. Maritime, Rail Transport Q=D/52 (per Week)
2. Air Transportation Q = D/365 (Daily Transport)
3. r - Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of

Product Value), t : Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment

7 gick. ol Qla 945 3 Aol IS
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LS &
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Table 6. Total Logistics Cost of H company's at Czech Republic Production Plant

(Unit : USD, FEU)

Division Sea TSR TCR Air
r $3,660 $7,485 $7,318 $19,098
D 5,660 5,660 5,660 5,660
Direct Transportation Cost $20,715,600 $42,365,100 $41,419,880 $108,094,680
I 0.2 0.2 0.2 0.2
t 31/365 27/365 33/365 2/365
D 5,660 5,660 5,660 5,660
C $30,000 $30,000 $30,000 $30,000
Inventory Cost in Transit $2,884,274 $2,512,110 $3,070,356 $186,082
[ 0.2 0.2 0.2 0.2
C $30,000 $30,000 $30,000 $30,000
Q/2 54.42 54.42 54.42 9.07
Warehouse Inventory Cost $326,538 $326,538 $326,538 $54,423
Total Logistics Cost $23,926,412 $45,203,748 $44,816,775 $108,335,185

Notes: 1. Maritime, Rail Transport Q=D/52 (per Week)

2. Air Transportation Q = D/312 (daily essentials per Week)
3. r - Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of
Product Value), t : Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment
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Table 7. Total Logistics Cost of H company's at Slovakia Production Plant
(Unit : USD, FEU)

Division Sea TSR TCR Air
r $3,730 $7,365 $7,468 $18,948
D 8,180 8,180 8,180 8,180
Direct Transportation Cost $30,511,400 $60,245,700 $61,088,240 $154,994,640
I 0.2 0.2 0.2 0.2
t 31/365 27/365 33/365 2/365
D 8,180 8,180 8,180 8,180
C $30,000 $30,000 $30,000 $30,000
Inventory Cost in Transit $4,168,438 $3,630,575 $4,437,370 $268,932
[ 0.2 0.2 0.2 0.2
C $30,000 $30,000 $30,000 $30,000
Q/2 78.65 78.65 78.65 78.65
Warehouse Inventory Cost $471,923 $471,923 $471,923 $471,923
Total Logistics Cost $35,151,761 $64,348,198 $65,997,533 $155,735,495

Notes: 1. Maritime, Rail Transport Q=D/52 (per Week)
2. Air Transportation Q = D/312 (daily essentials per Week)
3. r - Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of
Product Value), t : Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment
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= gl BN AAsE HIsS EAsH AR
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Table 8. Total Logistics Cost of H company's at Russia Production Plant

(Unit : USD, FEU)

Division Sea TSR TCR Air
r $3,385 $4,325 $3,290 $26,198
D 10,760 10,760 10,760 10,760
Direct Transportation Cost $36,422,600 $46,537,000 $35,400,400 $281,890,480
I 0.2 0.2 0.2 0.2
t 44/365 31/365 27/365 2/365
D 10,760 10,760 10,760 10,760
C $30,000 $30,000 $30,000 $30,000
Inventory Cost in Transit $7,782,575 $5,483,178 $4,775,671 $353,753
I 0.2 0.2 0.2 0.2
C $30,000 $30,000 $30,000 $30,000
Q/2 103.46 103.46 103.46 103.46
Warehouse Inventory Cost $620,769 $620,769 $620,769 $620,769
Total Logistics Cost $44,825,945 $52,640,947 $40,796,840 $282,865,003

Notes: 1. Maritime, Rail, Air Transport Q=D/52 (per Week)
2. r : Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of
Product Value), t : Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment
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Table 9. Total Logistics Cost of H and K company's at Russia Consignment Production Plant
(Unit : USD, FEU)

Division Sea TSR TCR Air
r $3,020 $6,215 $8,090 $26,393
D 36,000 36,000 36,000 36,000
Direct Transportation Cost $108,720,000 $223,740,000 $291,240,000 $950,148,000
I 0.2 0.2 0.2 0.2
t 43/365 26/365 30/365 2/365
D 36,000 36,000 36,000 36,000
C $30,000 $30,000 $30,000 $30,000
Inventory Cost in Transit $25,446,575 $15,386,301 $17,753,425 $1,183,562
I 0.2 0.2 0.2 0.2
C $30,000 $30,000 $30,000 $30,000
Q/2 346.15 346.15 346.15 346.15
Warehouse Inventory Cost $2,076,923 $2,076,923 $2,076,923 $2,076,923
Total Logistics Cost $136,243,498 $241,203,224 $311,070,348 $953,408,485
Notes: 1. Maritime, Rail, Air Transport Q=D/52 (per Week)
2. r : Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of

Product Value), t : Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment
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Table 10. Model Analysis Result: Total Logistics Cost Growth Rate by Route Compared to

Maritime Transportation

Division Sea TSR TCR Air
Turkey - No Service 193% 680%
Czech Republic - 189% 187% 453%
Solovakia - 183% 188% 442%
St. Petersburg - 17% 91% 631%
Kaliningrad - 177% 228% 700%

Table 11, Remarks of Progressing Railway Transportation

No.

Content

40FT Container is the Basic Unit

1 In the Case of 20FT, the Pair is Processed with Similar Weight
M — Transportation Delay Occur When Pair is Not Secured

Different Transportation Costs Depending on Wagon and Container Input Type
2 Even in the Same Transportation Route, Shipping Costs Differ by Companies
depending on the Operation Method and Infrastructure

3

If There is No Infrastructure or Network in the Section Where the Track Changes,
Transportation Cannot be Provided due to Container Supply and Return Issues

4 Shippers with Large Fixed Volumes, Negotiated with the Rail Transport Provider.

Source : Author
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Table 12, Changes in Total Shipping Costs due to Variations in Shipping Costs per Unit to

Czech Republic Plant

Division Sea TSR 1 TSR 2
r $3,660 $7,485 $ 3,725
Total Logistics Cost $23,926,412 $45,203,748 $23,922,148

r = Shipping cost per unit

Table 13. Changes in Total Shipping Costs due to Variations in Shipping Costs per Unit to

Russia Consignment Plant

Division Sea

TSR 1 TSR 2

r $3,020

Total Logistics Cost

$136,243,498

$6,215 $3,298
$241,203,224 $136,191,224

r : Shipping cost per unit
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Table 20. Comprehensive of Mathematical Model and Scenario Analysis
Division Sea TSR TCR Air
r $2,485 - $5,395 $20,948
Turkey Total
Logistics $6,386,277 - $12,307,8%5 $43,447 428
Cost
r $3,600 $7,485 7,318 $19,098
Czech Total
Republic Logistics $23,926,412 $45,203,748 $44.816,775 $108,335,185
Cost
r $3,730 $7,365 $7,468 $18,948
Slovakia Total
Logistics $35,151,761 $64,348,198 $65,997,533 $155,342,225
Cost
r $3,385 $4,325 $3,290 $26,198
Direct
Transport $36,422,600 $46,537,000 $35,400,400 $281,890,480
ation Cost
St. t 44/365 31/365 27/365 2/365
PetersburgR  |nventory
ussia Cost in $7,782,575 $5,483,178 $4,775,671 $353,753
Transit
Total
Logistics $44,825,945 $52,640,947 $40,796,840 $282,865,003
Cost
r $3,020 $6,215 $8,090 $26,393
KaliningradR Total
ussia Logistics $136,243,498 $241,203,224 $311,070,348 $953,408,485
Cost
Division Sea TSR 1 TSR 2
Czech
Republic r $3,660 $7,485 $ 3,725
Changing Total
Scenario Logistics $23,926,412 $45,203,748 $23,922,148
Cost
KaliningradR r $3,020 $6,215 $3,298
ussia r Total
Changlr_lg Logistics $136,243,498 $241,203,224 $136,191,224
Scenario Cost
Notes: r : Shipping cost per unit, D : Annual commodity demand, | : Inventory Cost per Unit(Ratio of

Product Value), t

. Transit Time, C : Commodity Value, Q : Shipping Volume per Shipment
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Table 21. Interview Questionnaires

No Division Subdivision Content
Logistics Service Provider, Typical Contract
Shipper Period, Factors to Consider When Selecting
LOgiStiCS Company
1 Companies and
Selection Major Trading Owner, TSR / TCR Contractor
Shipping Criteria Contract period with shippers / logistics
provider companies, factors to consider when selecting
companies
Shipping Shipping Route Information (Region, Route,
2 Common X Vehicle, Clearance, Transhipment, etc.), Transit
Information :
Time and Cost
Shioper Willingness to Criteria for selection of transportation route,
PP Change willingness to change / reason
3 Transportation
Shiopi Route and
Ippcljng Changing Rail Transport Route Selection Criteria
provider Condition
Services specifically required when entrusting
automobiles (parts), requirements for changing
Shipper Plans for the transportation route, and parts that the
Improving logistics company will reinforce to play a key
4 Transport role in SCM.
Shibpin Service Precautions due to the Characteristics of the
pro?/?degr; Automobile (parts), the Most Important Capability

of the Rail Transport Service
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Table 22. Depth Interview Interviewees

fciige Date of
Division Interviewees Assigned Work Experience Interview
(year)
Y Company
International Transportation Automobile (Parts) Sales 8 18.11.29
Sales Equipment Team P Business T
Shipper Section Chief
(Sales) H Company
International European KD Eastern Europe e.g Czech 7 18.12.07
Sales Business Team J  Republic KD Sales Business T
Assistant Manager
K Company
Shipper(Expo ~_EXport Export Business Overseas Export Wiring
r Eﬂsirgesrs): Business ~ Team P Assistant Logistics ! 18.12.13
Wiring, Manager
MF;:]Oadgu;rtrilg?lt A Company
» Export Overseas Logistics -
Nego) Business Team S Section Overseas Export Logistics 7 18.12.07
Chief
Shipper(Over H Company . .
s O 0 Oyt T C2oh e, ok 5 g
Procurement) H Assistant Manager y
Export Inteang?gz?ngCM Russia, Africa, Middle East
Container ; Automobile Parts International 6 18.12.03
Logist Team 3 J Assistant .
ogistics M Logistics
anager
H Company , -
. Export ) International Logistics for
Multimodal  Gontainer .IP terna1t|o;a[I) SCM Automobile Parts to Russia 16 18.12.04
Transportator | ogistics eam eputy etc
(Shipper Department Head '
Sales and Export Inteﬂn;?gz?ngCM Czech Republic, Slovakia
Operation)  Gontainer T Automobile Parts International 3 18.12.04
P eam 1 P Mere -~
Logistics Logistics
Clerk
Import H Cqmpany .
Container Tlnterngtfnil S_CM Europtlaan Au}_om_ob_lle Parts 4 18.12.03
Logistics eam ssistant mport Logistics
Manager
Selecting Shiopin II: t;ﬁ;?:nn; Selecting International
Transportatio PpINg . Logistics Shipping Company 9 18.12.10
. Contract ~ Purchasing Team J
n Provider and Partner

Assistant Manager

Rail 18.11.26

Transportatio Sg;)g:r A Company etc. Provide Rail Transportation Telephone
n Provider Interview
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Table 23. Model Analysis Results for Selecting Korea—Europe Transportation Routes

Mathematical Analysis

O; High, A: Mid, X: Low

4?/'52:8 Possibility of
Country Economical RSa‘i’Imlgzmgs Contents
Shipping Route
Most efficient route is maritime
Turkey Sea X transportation
Czech Republic Sea o Purchasing power can be obtained by
consolidating production of Korea
Slovakia Sea A companies based on Eastern Europe —
Shipping cost per unit |
Fares vary greatly by railway transport
provider, time, infrastructure, network, and
St. F;eutggis:urg, TCR 0 container input type — TSR, TCR
competitiveness comparison is always
needed
. Possible to negotiate shipping cost per
Kagrsjgsgi;ad, Sea A unit by the supply to Kaliningrad —

Shipping cost per unit |

In—depth Analysis

+ Economic factors ) behavioral factors; especially selecting transportation route cost factor is

high

+ Willing to change if the level of railway transportation cost is reasonable

- Difficulty in making decisions about the changing transportation route — needs careful

approach

+ Selecting company based on economic perspective — High reliability

+ Different strengths between forwarders specializing in rail transportation — Sustainable

development and review required
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