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Abstract

Container terminals at Gwangyang Port are operated by three container operators: A, B and C.
Ultimately, there is consensus that a single operator should operate all terminals so that economies
of scale can be achieved even in the operation of the container terminal. Integration between
operators has a positive effect on both operators and shipping companies. From the operator's point
of view, overlapping fixed costs between operators can be unified, reducing overall costs and
utilizing spare facilities. On the other hand, from the viewpoint of the shipping company, it is
possible to ensure stable use of the port facilities and always allow berthing, reduce days on
demurrage and ship waiting, and provide one-stop service for work. However, existing cases of
operators’ integration or relocation of terminals remained to estimate the expected effects of
alternatives, emphasizing only the financial point of view. The port terminal is a large system, and
it is important to consider that it is an aggregate of major logistics facilities and equipment.
Moreover, if the estimation can be made by quantifying the expected effect, the justification of the
terminals’ relocation can be further emphasized. Therefore, it is very important to estimate the expected
effect from the viewpoint of systemic operation. Moreover, the need for operators’ integration can
be further emphasized if it can be estimated through quantification of expected effects.
Currently, three alternatives are considered as alternatives to the terminals’ relocation, and in this
study, the optimal plan was derived for the 3 alternatives by the linear planning model of the
minimum shuttle transportation cost in the terminal. The optimal plan is alternative 2, which shows
the most advantageous integration effect in terms of expected effects. Alternative 2 integrates the B
terminal into the C terminal, and the A terminal operates independently as it is.
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Planning Model
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Table 1. Cargo Throughput of Gwangyang Port Container Terminal

(Unit: 1,000TEV)

Division 2012 2013 2014 2015 2016 2017 2018 2019
Operator B 602.7 634.9 619.6 785.4 663.96 551.2 5741 59.6
Operator A 623.1 747.4 767.4 730.5 856.1 876.5 892.7 814.8
Operator C 802.6 902.1 951.3 811.5 729.6 805.5 .7 966.9

Source: YGPA(2020).

Table 2. Status by Operator in Gwangyang Port Container Terminal

Division Operator B Operator A Operator C

Total Project Cost KRW 237.4billion KRW 240.2billion KRW 377.0billion
Start of Operation 2002.04 2004.10 2007.07
Length 1,150m 1,150m 1,400m
Depth of Water 15m 16m 16m
Cargo Handling Capacity 1.12 million TEU 1.12 million TEU 1.60 million TEU
Berthing Capacity 2'2 ITSH?SHXX 5 2.2 rTliilllil?gnxx 5 5 million X 4
Area 533kt 533k 840k

Source: YGPA(2020).
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Table 3. Estimation of Ideal Cargo Handling Capacity in Basic plan

Operator Berth GBP* GWP*™ GBP*GWP ?)erp v?;:'f V\;ee\z{k:arln Harll((jiﬁ?l; %a:ggcity

5 35.1 23.2 814.3 8 52 339,688

B 6 35.1 23.2 814.3 8 52 339,688

7+8 35.1 23.2 814.3 8 52 339,688

9+10 61 28 1,708.0 10 52 890,600

A 11 61 28 1,708.0 8 52 712,480

12 61 28 1,708.0 9 52 801,540

13 67.7 248 1,679.0 5 52 437,729

14 67.7 248 1,679.0 5 52 437,729

¢ 15 67.7 24.8 1,679.0 9 52 787,912

16 67.7 24.8 1,679.0 7 52 612,820

F 17 & MM MA(Gross Berth Productivity) 22 T XMZISSED HA| MU HEUBASE WISk
Aoz Muf FHoto] MAAIZH St XMElE MA S5 #ZE Sof MidS FHE

* & XAA|ZHGross Working Performance)22 7|AFSQ| AAL AIZE XIHTHSHZ Qls XiHS = &t

AR ZEet HYUAZCZN XY AMEH 2Y MK 2E ZHHAIZES 20lF

Table 4. Estimation of Ideal Cargo Handling Capacity in Alternative 1

Operator  Berth GBP GWP  GBP*GWP Ship Calls per Weeks in Ideal Cargo

week a Year Handling Capacity

9+10 61 28 1,708.0 10 52 890,600

A " 61 28 2,115.2 8 52 1,068,720

12 61 28 2,115.2 9 52 1,202,310

13 67.7 24.8 2,086.1 5 52 549,054

c 14 67.7 24.8 2,086.1 5 52 549,054

15 67.7 24.8 2,086.1 9 52 988,297

16 67.7 24.8 2,086.1 7 52 768,675
V. MA XHHRE| AlEle| 7|cHEat 319 REE o)E ) R FEOE &
A g3k tolt}, ek BAR} CA 20 294t
h AL SRk REE, ARl EEE AR
1. TieHE oYX ol9sE &4 ISR ESHE qrolrd thRHIE Atbel B
AF 2 S9AE AMME g Rk REE, CAb

B AP AgH e @A AN 0P TTE CPHVIEWE Ssks qreltt.
A sd=ge =gttt Abv)el go] 47 Aut A AFRFIETAL WEAS A Al
2o o) shelseo] FYuler] ol 7] ¥ GBP, GWPES £85ke) HiRid ol <zt
Bk, Thoh, Thohin, tiehme] A ojzy SIS HE HhE Zo] dEdt

oz A AP # gle v v thete) B Batel N4, Au], <=l Atk
o 7lEeke dAle] 3 AL Z e Sk CAbell F Q1FEe] 2tzhe] GBP, GWPsk
o 99dal= otoln] TIoHe 2-2%HA o} B2 ol ol2A Aol FEE Al
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Table 5. Estimation of Ideal Cargo Handling Capacity in Alternative 2

Operator Berth GBP GWP  GBP*GWP Sr')r;if v?eﬂlks V\;e(:}(:arin Harll((jiﬁ?l; %a:ggcity

9+10 61 28 1,708.0 10 52 890,600
A 11 61 28 2,562.0 8 52 712,480
12 61 28 2,562.0 9 52 801,540
13 67.7 24.8 2,533.0 5 52 656,593
14 67.7 24.8 2,533.0 5 52 656,593

¢ 15 67.7 24.8 2,533.0 9 52 1,181,868
16 67.7 24.8 2,533.0 7 52 919,231

Table 6. Estimation of Ideal Cargo Handling Capacity in Alternative 3

* Ship Calls  Weeks in Ideal Cargo
Operator Berth  GBP GWP  GBP*GWP per week a Year  Handling Capacity
9+10 61 28 1,708.0 10 52 890,600
A 1 61 28 1,754.3 8 52 1,424,960
12 61 28 1,754.3 9 52 1,603,080
13 67.7 24.8 2,518.4 5 52 437,729
c 14 67.7 24.8 2,518.4 5 52 437,729
15 67.7 24.8 2,518.4 9 52 787,912
16 67.7 24.8 2,518.4 7 52 612,820
2 7Pgetel =&H oldd ot sosde 2. CHorH 7|CH&np EA9zim}
ozfsh Zrt,
tighie] B9 BARe] A1, ], <1go] CAb 710 e] mEe oA 8 712 TE
of lFFo] CARe] GBP, GWP 22 Tl gl g wjRa & ol vl8E =5 5 9
ol=wA Arbdo] BdsE Aoz 7}2* stel o aFd g Held 29e FadE &
wEE ol o ade e oklel Beld e 54 melste] 24} O F7Ee A
AABEIL Q. gate] el Aas A i 2
& thetIe] A BARe] A1, 3w, Rl olge) mee ik eMUlR 29d 19 BF
ol Arbell SlFEHo] Arte] GBP, GWPH & gro] AR oldor AHe wjE BF
= el ol=H Al B ZleR ks Vehim gt WA A4 Y 29S
7Hgste] =& o] A7t stdsHE ot A Eudyle] HER TS HAs)
o el AAskaL slnh E % A4 EPujRg AAE Jlow
olo] upe Ae-ul &} o)) o FulgL o}
2o} i,
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Table 7. Results of Allocation Throughput by Linear Planning Model in Basic Plan

. . Allocation
Division Thro'ughput Ideal Ca_rgo Handling Berth Ver_ucle trapsport and Cargo
(19) Capacity(per day) air pollution costs
Volume
944 5 1,127.1 94
1,340 944 6 1,493.5 3%
944 7+8 1,952.4 -
2,474 9+10 1,548.3 2,442
2,442 1,979 " 1,825.8 -
Sun
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,183
2,399
2,189 15 2,489.2 -
1,702 16 2,804.5 -
944 5 1,127.1 944
1,319 944 6 1,493.5 376
944 7+8 1,952.4 -
2,474 9+10 1,548.3 1,621
1,621 1,979 " 1,825.8 -
Mon
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 889
2,105
2,189 15 2,489.2 -
1,702 16 2,804.5 -
944 5 1,127.1 944
1,309 944 6 1,493.5 365
944 7+8 1,952.4 -
2,474 9+10 1,548.3 1,236
1,236 1,979 " 1,825.8 -
Tue
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,216
2,709
2,189 15 2,489.2 277

1,702 16 2,804.5 -
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Table 8. Results of Allocation Throughput by Linear Planning Model in Basic Plan(Cont.)

Ideal Cargo Vehicle transport .
Division Thr(z};g)h put Handling Berth and air poIIu?ion AIIOCS“?" e
Capacity(per day) costs olume
944 5 1,127.1 944
1,863 944 6 1,493.5 919
944 7+8 1,952.4 -
2,474 9+10 1,548.3 1,927
Wed 1,927 1,979 1 1,825.8 -
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,216
3,5% 2,189 15 2,489.2 1,163
1,702 16 2,804.5 -
94 5 1,127.1 944
1,998 94 6 1,493.5 1,054
94 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Thu 3,120 1,979 1 1,825.8 646
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,057
2,213 2,189 15 2,489.2 -
1,702 16 2,804.5 -
%4 5 1,127.1 94
1,711 944 6 1,493.5 768
944 7+8 1,952.4 -
2,474 9+10 1,548.3 2,266
i 2,266 1,979 11 1,825.8 -
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,088
2,304 2,189 15 2,489.2 -
1,702 16 2,804.5 -
944 5 1,127.1 944
1,933 944 6 1,493.5 989
944 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Sat 3,056 1,979 1 1,825.8 583
2,227 12 2,307.8 -
1,216 13 1,810.0 1,216
1,216 14 2,088.7 1,216
3,209 2,189 15 2,489.2 778
1,702 16 2,804.5 -
o 2-26HA FRe) 31k BRE ol= 3 = FIRE A Sbalte ARk glom
N QAT S5om FPok= 2kl oS ojof] w2 Apee-3gH|-E1} o 7] L HH|-E-2 of

7Hdste] Bopauie] MEARERY HAek o] e Ao
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Table 9. Results of Allocation Throughput by Linear Planning Model in Alternative 1

Divisi  Throughput(1 Ideal Cargo Handling Berth Vehicle transport and Allé):%t'oon
on 9) Capacity(per day) air pollution costs Volume
- 5 1,127 1 -
- - 6 1,493.5 -
- 748 1,952.4 -
2,474 9+10 1,548.3 2,474
Sun 2,500 2,969 11 1,825.8 26
3,340 12 2,307.8 -
1,525 13 861.8 1,525
3140 1,525 14 2,088.7 1,525
’ 2,745 15 2,489.2 89
2,135 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 748 1,952.4 -
2,474 9+10 1,548.3 2,461
Mon 2,461 2,969 1 1,825.8 -
3,340 12 2,307.8 -
1,525 13 861.8 1,525
1,525 14 2,088.7 1,229
2,74 2,745 15 2,489.2 -
2,135 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,442
Tue 2,442 2,969 1 1,825.8 -
3,340 12 2,307.8 -
1,525 13 861.8 1,525
1,525 14 2,088.7 1,525
3,54 2,745 15 2,489.2 494
2,135 16 2,804.5 -
- 5 1,127 1 -
- - 6 1,493.5 -
- 748 1,952.4 -
2,474 9+10 1,548.3 2,474
Wed 3,476 2,969 11 1,825.8 1,002
3,340 12 2,307.8 -
1,525 13 861.8 1,525
1,525 14 2,088.7 1,525
4,704 2745 15 24892 1,654

2,135 16 2,804.5 -
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Table 10. Results of Allocation Throughput by Linear Planning Model in Alternative 1(cont.)

Divs Throughpu(1 - 1deal Oar90 HandING gy gng'ay pollagon Cargo
costs Volume
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Th 3,728 2,969 " 1,825.8 1,254
3,340 12 2,307.8 -
1,511 13 861.8 1,525
2,974 1,511 14 2,088.7 1,449
2,719 15 2,489.2 -
2,115 16 2,804.5 -
- 5 11271 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Ei 3,192 2,969 1 1,825.8 719
3,340 12 2,307.8 -
1,525 13 861.8 1,525
1,525 14 2,088.7 1,490
3,015
2,745 15 2,489.2 -
2,135 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Sat 3,607 2,969 1 1,825.8 1,133
3,340 12 2,307.8 -
1,525 13 861.8 1,525
1,525 14 2,088.7 1,525
4,199
2,745 15 2,489.2 1,149
2,135 16 2,804.5 -
S-S BASEOAF 2} R9AME CABE 29 Agede] AHSE 99 4 YR
Sho REE, MRS AL R0 29 AASHL 9lon ofol] mhE AL S o

Sk kSl HiRtiE 7Hgske] Eirldve] ME 71282 ofefe] o}
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Table 11, Results of Allocation Throughput by Linear Planning Model in Alternative 2

Division Thr%l;g)hput Idgal Ca_rgo Handling Berth Vehicle transport and Alg:?gtgm
apacity(per day) air pollution costs Volume
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Sun 2,500 1,979 11 1,825.8 26
2,227 12 2,307.8 -
1,824 13 861.8 1,824
1,824 14 2,088.7 1,316
3,140 3,283 15 2,489.2 -
2,553 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,461
Mon 2,461 1,979 11 1,825.8 -
2,227 12 2,307.8 -
1,824 13 861.8 1,824
1,824 14 2,088.7 930
2,1 3,283 15 2,489.2 -
2,553 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,442
Tue 2,442 1,979 11 1,825.8 -
2,221 12 2,307.8 -
1,824 13 861.8 1,824
1,824 14 2,088.7 1,720
3,54 3,283 15 2,489.2 -
2,553 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 748 1,952.4 -
2,474 9+10 1,548.3 2,474
Wed 3,476 1,979 11 1,825.8 1,002
2,227 12 2,307.8 -
1,824 13 861.8 1,824
1,824 14 2,088.7 1,824
4,704 3,283 15 2,489.2 1,057

2,553 16 2,804.5 -
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Table 12. Results of Allocation Throughput by Linear Planning Model in Alternative 2(cont.)

Vehicle transport

Ovison TIPS CH00 KOG ey and a poluton oo
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Thy 3,728 1,979 " 1,825.8 1,254
2,227 12 2,307.8 -
1,824 13 861.8 1,824
2974 1,824 14 2,088.7 1,150
3,283 15 2,489.2 -
2,553 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
B 3,192 1,979 11 1,825.8 719
2,227 12 2,307.8 -
1,824 13 861.8 1,824
3,015 1,824 14 2,088.7 1,191
3,283 15 2,489.2 -
2,553 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2 474 9+10 1,548.3 2 474
Sat 3,607 2,969 " 1,825.8 1,133
3,340 12 2,307.8 -
1,834 13 861.8 1,824
4199 1,834 14 2,088.7 1,824
3,302 15 2,489.2 552
2,568 16 2,804.5 -

oo ANSE BAL 270 AL AL 29 ANSH 9len oo whE xjeke-au] g3 o)
e REE, O FE OV 1EHE 29 Jleduge ofele Esh wth

sh= el thohIE Zhgste] Elmlde) HE

AFeqel AHSE A% AE B
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Table 13. Results of Allocation Throughput by Linear Planning Model in Alternative 3

Vehicle transport

Throughput Ideal Cargo Handling Allocation

Division (19) Capacity(per day) Berth and atl:ro Sptgllutlon Cargo Volume
- 5 1,1271 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
2,500 3,958 1 1,825.8 26
Sun
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
3,140 2,189 15 2,489.2 708
1,702 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,461
Mon 2,461 3,958 1 1,825.8 -
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
2,154 2,189 15 2,489.2 322
1,702 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,442
e 2,442 3,958 1 1,825.8 -
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
3,54 2,189 15 2,489.2 1,112
1,702 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
Wed 3,476 3,958 1 1,825.8 1,002
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
4,104 2,189 15 2,489.2 2,272

1,702 16 2,804.5 -
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Table 14. Results of Allocation Throughput by Linear Planning Model in Alternative 3(cont.)

- ' Ideal Cargo Vehicle transport .
D:;'r:s' Throug)h put(1 Handling Berth and air pollution Ca/r\"gc\a;g?unm A
Capacity(per_day) costs 9
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
3,728 3,958 il 1,825.8 1,254
Thu
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
2,974
2,189 15 2,489.2 542
1,702 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7+8 1,952.4 -
2,474 9+10 1,548.3 2,474
i 3,192 3,958 1 1,825.8 719
ri
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
3,015
2,189 15 2,489.2 583
1,702 16 2,804.5 -
- 5 1,127.1 -
- - 6 1,493.5 -
- 7 1,952.4 -
2,474 10 1,548.3 2,474
Sat 3,607 3,958 1A 1,825.8 1,133
a
4,453 12 2,307.8 -
1,216 13 861.8 1,216
1,216 14 2,088.7 1,216
4,199
2,189 15 2,489.2 1,768
1,702 16 2,804.5 -
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Table 15. Calculated Total Annual Shuttle Cost in the Terminal by Linear Planning Model

(Unit: million KRW)

Division . Alternative
Basic 1 2 3

Sunday 525.7 4472 426.3 479.8
Monday 425.9 399.9 380.9 426.4
Tuesday 465.6 494.6 465.2 527.2
Wednesday 678.9 742.4 710.9 775.0
Thursday 627.0 544.0 524.9 575.0
Friday 530.0 497.6 478.5 529.4
Saturday 733.8 689.5 658.0 722.1
Total 3,986.9 3,815.1 3,644.6 4,034.8

Table 16. Saving Total Annual Shuttle Cost in the Terminal by Linear Planning Model

(Unit: million KRW)

Division Alternative
1 2 3
Sunday 78.5 99.4 45.9
Monday 26.0 45.0 -0.46
Tuesday -29.0 0.35 -61.6
Wednesday -63.5 -32.0 -96.1
Thursday 83.0 102.1 52.0
Friday 32.5 51.5 -0.59
Saturday 443 75.8 1.7
Total 171.8 342.3 -47.9
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