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Abstract : Recently, oceanic research has been carried out investigating global scientific interests and the territorial management of national marine
Jjurisdictional waters, including exclusive economic zones (EEZ) and the open seas. To meet the needs of ocean researchers pursuing these -
objectives, acquiring advanced research infrastructure, including research vessels, large facilities, and equipment, is a top priority in ocean science.
However, ocean science is a similar to space science, and securing resources and state-of-the-art technology can be expensive. Faced with these
challenges, our study focused on establishing a strategy for the efficient operation and management of research vessels, attempting to establish
benchmarks from foreign examples that can be adapted to suit the target context. The results of this study provide ways to identify operating systems
that could increase the efficiency of joint-use research vessels. The different systems examined in this study included a joint-use committee-based
management system (JCMS, Type 1), private enterprise entrusted operating system (PEOS, Type 2), institutional investment operating system (IIOS,
Type 3), and commissioned executive operating system (CEOS, Type 4). The efficiencies of JCMS, PEOS, IIOS and CEOS were 9.17, 5.82, 11.2 and
-1.72 %, respectively. Given the total costs involved, the most affordable operating system was IIOS. JCMS was the most cost-effective system based
on a quantitative cost-benefit analysis, but IIOS also had an acceptable cost-benefit balance. An operational committee would be required and
regulations and guidelines shoulde be established to employ, JCMS, while a strategy to yield independent revenue would be needed to utilize an I1OS

system.
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Table 1. Summary of representative organization for joint utilization of research vessels

Objectives/Role Member Establishment foundation
To coordinate and review
UNOLS gzﬁi;actcigis (?fn %acilities 58 academic institution and Charter
(USA) or academic oceanographic national laboratories Membership
programs
To provide European
Eurofleets rqsearch;rs and i.ndustries A consortium of 31 A type of foundation
E with unique marine European partners from based on law
(Europe) research facilities and 20 countries
user services
To facilitate information
exchange and generate
value-added product o .
FEurOcean in field of marine sciences 13 member organizations Membership o
E and technologies between based in 10 European Independent scientific
(Europe) a wide rang eg of countries non-governmental
governmental and
non-governmental
To barter ship-time and
major equipment whenever
they are not available
on a national basis at
a certain period of time or
in a geographic region
To exchange expertise of
; NERC(UK),
Ech&]s(;;ogltcs; ]emfuwlnelgﬁte IFREMER (France) and
OFEG agd tectgmiciansqotP artners BMBEF(Germany) in 1996, A tripartite agreement
(Europe) p NIOZ(Netherlands) in 2002, P er
To provide a better ICSM}QC(&IS(?QI;) )arilg 2006
overview of ‘large’ and Y
‘expensive’ equipment,
their technical
specifications, and
their availablity
To promote cooperation of
large marine investments
To create and to maintain Greece, Ireland, Italy, Finland,
a forum for European France, Belgium, Denmark,
research vessel operators, Faroe islands, Germany, .
ERVO with special focus on Norway, Poland, Portugal, &%ﬁgge?ﬁefoéﬁsg%iggn
(Europe) research and associated Romania, Spain, Malta, P
equipment and/or Netherlands, Turkey
instruments Sweden, UK
Created by signature of an
association contract
UMS To serve and to c CNRS, CIRAD, IFREMER, between university and
F escarch vessel manag INRA, IRD, INSERM, research organization
(France) research v IRSTEA,
Devoid of any legal
personality
To contribute to
the advancement of - - -
JAMSTEC academic research Nippon Marine Enterprises Ltd. Independent admistrative
(Japan) Global Ocean Development Inc. institution
To the improvement of marine Mantle Quest Japan Company Ltd.
science and technology
WATAE ALk 1570 713, 209 9] Mdutow Ag-deto] W, AHA A=F R 7)H, AAFR, &5tz o At
Fa¥ o] Y # L ATHUNOLS, 2014). TrEu AE, &8 R A3 Sol AdE AYAE A
Mz GE 71l ek A=Al dig AR EFai A7 ARTAE HES o9 e S8 E
H, AH A} 8AE 5202 UNOLS A9l 7Hg 4 UNOLS Aur-2-ad =4 9] 3](Ship Scheduling Committee)”}
4ol AFoRA $H AHEYINS AHEe AuHoR Al dde] i AUALE V173 £RARE 2Ase] AQT
AR e, FERIA F e AP IRl A Th ATA 4SS ARF AR AFHAAN A7He &
A ZE 2 7 A 2= l(Ship Time Request System)S &sto] &87]  Ju|E AFoite] nedshx] GEd 1 olf AFHAE
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Table 2. Status of representative research vessel operating organizations in USA, France and Japan

UNOLS UMS JAMSTEC
Establishment Charter Contract Independent _administrative
grounds mstitution
Navy,
National Science
Foundation,
NOAA,

The Bermuda Biological
Station for Research,

Universy of Delaware, IFREMER
Scripps Institute of CNRS

Owner Oceanography, IPEV JAMSTEC
Louisiana Universities IRD

Marine Consortium,
University of Miami,
University of Georgia
University of
Minnesota-Duluth,
USCG

University of Washington,
Scripps Institution of
Oceanography,

Woods Hole Oceanographic
Institution,

University of Alaska
Fairbanks,
Lamont-Doherty Earth
Observatory,

University of Hawaii,
Oregon State University,

Research Vessel

JAMSTEC (direct operation)
[FREMER Nippon Marine Enterprises

o . Ltd. (consignment operation)
. University of Rhode Island, CNRS
Operation Bermuda’ Institute for Ocean IPEV ﬁlé)bal Ocean Development
Sciences, IRD .
University of Delaware, &antle Quest Japan
v R mpany Ltd.

Louisiana Universities
Marine Consortium,
University of Miami,
Skidaway Institute of

Oceanography,

NOAA,

USCG

Scheduling committee committee Niiﬁsﬁgnzomﬁgse
A Yehs AH71To] A &9 2 AfFFAo XF37] Wl Victor, French polar scientific research) 47 7]33toll WA =2
wolth, s om Al &M= ﬁ?ﬂﬂrﬂxﬂ‘:}(Natlonal ol AHTA glo] T sdE Fokol oa) e vl &
Science Foundation)©] 60 %, 3l (Navy)©] 15 %S A&}l ool sl B 3‘-3}9‘%"1 AL3 FAAY T2 AFAA 3
H71 e FGNOAAE 10% s A st gt 2 = FEUEITY] ool s +F5 = 3] 578 o] t(Table
HoE AFHAE $9HE TS AFAE, 7Y 39 ). AT AREE sldete BAAIRMAE Azt A =
54, 71sA9, A e Beb 9l b ugo] 7} AAYH SRSt wyAMIeA3] e THd
3 3FE THUNOLS, 2011). FAEL D3] PrrE A Hu, 1 Ao ANA &
Al glo] AA T},
2.1.2 ZFA
Zepas F7FATAER UMSE 2011 o] 479 &f 2.1.3 &2
FAeE 4740 EAFAR AAAEH Add AFATHE = &= 9] JAMSTEC 20041 2b=9] 3] FdAT o /s ¢
A7 o2 #esty] 91 20119 AT F7IHE st 3 AHE 59 PAUANOZA AFHAG diE] &AF Z
o 7|95 ddstate] APtk UMSE CNRS(Le Centre &5 915 2ta glow, SdFA = 79 9=
National de la Recherché Scientifique, national center for scientific ~ ¥&] ol oJ& XMutaa] AFAA7F FdatL JTHNME, 2017)
research), IRD(Institut de recherché pour le development, research &5 &8 AA= LHHEAFE B3l FHE] o, AF
institute for development), IFREMER(Institut francais de recherche 1 A}§5& AFTA oAby}t o] Fagir), 1 sly]
pour lexploitation de lamer, French research institute for 3 YF FA42 AFH &F2 A 23 & 7]§—74]3ﬂ°ﬂ 3l
oo]; 7]13 o U A

exploitation of the sea)$} IPEV(Institut Polaire Francais Paul-Emile
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Table 3. Ownership status of research vessel of the Ministry of Oceans and Fisheries-affiliated organization

100 ton > 100-200 ton 200-1,000 ton 1,000-3,000 ton | 3,000 ton < Total
" NIFS 7 - 3 - - 10
? KHOA 3 2 2 1 - 8
? KIOST 2 1 - 1 1 5
9 KOPRI - - - - 1 1
Total 12 3 5 2 2 24
) NIFS (National Institute of Fisheries Science), 2 KHOA (KoreaHydrographicandOceanographicAgency),
? KIOST (Korea Institute of Ocean Science & Technology), ¥ KOPRI (KoreaPolarResearchlnstitute)
Table 4. Comparison of supply and demand by domestic ocean research institutions

" NIFS ? KHOA ) KIOST Total
Ship-time request days (A) 1,617 1,355 772 3,744
Survey days (B) 1,728 1,206 492 3,426
(B)-(A) + 111 -149 -280 -318

) NIFS (National Institute of Fisheries Science), 2 KHOA (Korea Hydrographic and Oceanographic Agency),

» KIOST (Korea Institute of Ocean Science & Technology)
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Table 5. Result of cost-benefits analysis for existing operating system
Unit: KRW in thousands
Total 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
[Payroll]
Labor cost (crew) 90,682,194 9034662 9051871 9051871 9,077,684 9077684 -9077.684 9,077,684 -9077.684  -9,077,684 9,077,684
5’;’;;‘1“)"5‘ (Manage 8,159,715 -812952 814,500  -814500  -816823  -816,823 816823  -816,823  -816,823 -186,823 -816,823
|Bunker]
Fuel cost 131,742,084 3174208 3174208 -3,174208  3,174208  -3,174208  -3,174208  -3174208  -3,174208 3,174,208 3,174,208
Net effect(Benefit-Cost)  -230,583,993 23,021,822 -23,040,580 -23,040,580 -23,068,716 -23,068,716 -23,068716 23,068,716 -23,068716 23068716 23,068,716
Table 6. Result of cost-benefits analysis for operating Type 1
Unit: KRW in thousands
Total 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
[Payroll]
Labor cost (crew) 90682194 9034662 9051871 9051871 9077684 9077684 9077684 9,077,684 9077684 9077684 9,077,684
Labor cost (manage support) -8159715 -812,952 -814,500 -814,500 -816,823 -816,823 -816,823 -816,823 -816,823 -816,823 -816,823
[Bunker]
Fuel cost -131,742,084 -13,174208 -13,174208 -13,174,208  -13,174208 -13,174208 -13,174208 -13,174208 -13,174208 -13,174208  -13,174,208
[Infra structure]
Reduction effect of fuel cost 13174208 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421
The effect of removing
duplication of R&D pesject 3542388 354239 354239 354,239 354,239 354239 354239 354230 354239 354,239 354239
Cost of buildi
Cos of uldine w0 0000
[Purchasing]
Reduction effect of =~ 3398155 339816 339816 339816 339816 339816 339816 339816 339816 339,816 339.816
fuel cost of the public sector
The effect of Group vessel 1319247 131,95 131925 131,925 131,925 131925 131,925 131,925 131925 131,925 131,925
Net effect(Benefit-Cost)  -217,157,876 21,945,158 -21,665993 21,665,993 21,697,247 21,697,247 21,697,247 21,697,247 21,697,247 21697247 21,697,247
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Table 7. Result of cost-benefits analysis for operating Type 2
Unit: KRW in thousands
Total 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
[Payroll]
Labor cost (crew) 105,757,240 10,536,588 -10,556,658 -10,556,658 -10,586,762 -10,586,762 -10,586,762 -10,586762 -10,586,762  -10586.762  -10,586,762
Labor cost (manage support) 4037797 402286 403052 403,052  -404201 404201 404201 404201 404,201 404,201 404,201
|Bunker]
Fuel cost 31,742,084 -13,174208 13174208  -13,174208 13174208 -13,174208 13174208 -13,174208 -13,174208  -13,174208  -13,174208
[Infra structure]
Reduction effect of fuel cost 13074208 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421
gfghgg?g; ‘(’)ff rg‘g‘l’)"igfoj oot 3,542,388 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239
o S 300000 300,00
[Purchasing]
gffﬁg‘isgbﬁfegcgfr fuel cost 3302402 330240 330,240 330240 330,240 330240 330,240 330,240 330,240 330,240 330,240
E}‘;zr:ff:e“‘ d;’g‘;fuf;:“p vesse 1,319,247 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925
[Fleet]
Effect of fleet adjustment 3340998 334,000 334100 334100 334100 334100 334100 334100 334,100 334,100 334,100
Net effect (Benefit-Cost) 217,157,876 21,945,158 21,665993 21,665,993 21697247 21697247 21697247 21697247 21697247  21,697247 21,697,247
Table 8. Result of cost-benefits analysis for operating Type 3
Unit : KRW in thousands
Total 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
[Payroll]
Labor cost (crew) 90031380 8969822 8986908 8986908  9,012536 9012536 9012536 9012536 9012536 9012536 9,012,536
Labor cost (manage support) 4008819  -399308 400,150 (400,159 401,300 401,300 401,300 401300 401300  -401,300 401,300
[Bunker]
Fuel cost (31,742,084 -13,174208  -13,174208  -13,174208  -13,174208  -13,174208  -13,174208  -13,174208 -13,174208 -13,174208  -13,174,208
[Infra structure]
Reduction cffect of fuel cost  13,174208 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1,317,421
gfl‘ghzgfg; of. rﬁg‘[’;i;rgoj o S388 34239 354239 354,239 354239 354239 354239 354,230 354,239 354239 354,239
ﬁl‘t’:;r;’fe:“i‘r‘ff‘;;‘g 300000 -300,000
[Purchasing]
gf‘:ﬁg“gﬁbﬁfe:e‘ct‘(’; fuel cost 3305400 330,240 330,240 330,240 330,240 330,240 330,240 330,240 330,240 330240 330,240
The effect of Group vessel | 319547 131,925 131,025 131,925 131,025 131,025 131,025 131,025 131,025 131,025 131,025
msurance dlsc()unt
[Fleet]
Effect of fleet adjustment 3340998 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100
Net effect (Benefit-Cost) 204945435 20375505 -20,003351 20,093,351  -20,120,120 20,120,120 -20,120,120 20,120,120 20,120,120 20,120,120 20,120,120
Table 9. Result of cost-benefits analysis for operating Type 4
Unit: KRW in thousands
Total 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
[Payroll]
Labor cost (crew) 104814484  -10442,661 -10462,552 -10462,552  -10492,388 -10492388 -10,492388  -10,492388  -10,492388  -10,492388  -10,492,388
Labor cost (manage support) 22376126 2229332  -2233,579 2233579 2230048 2239948  -2239.948  -2239948  -2239.948 2239948  -2239.948
[Bunker]
Fuel cost (31,742,084 -13,174208  -13,174208  -13,174.208  -13,174.208 13174208 -13,174208  -13,174208  -13,174208  -13,174208  -13,174,208
[Infia structure]
Reduction effect of fuel cost  13,174208 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421 1317421
Lﬂ;‘;igﬁg:} ‘(’ff 'g‘g‘gigfojc o 3542388 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239 354,239
oot o
[Purchasing]
Reduction effect of fuel cost 3 305 49, 330240 330,240 330,240 330,240 330,240 330,240 330,240 330,240 330,240 330,240
of the public sector [ ” ” ’ ” ’ > ’ ” ’ ”
E;irzift d;’;;(g:ﬁw vessel 319947 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925 131,925
[Fleet]
Effect of fleet adjustment 3340998 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100 334,100
Net effect (Benefit-Cost) 234,553,450 23678278 23402415 23402415 23438620 23438620 23438620 23438620 23438620 -23438,620  -23438,620
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Table 10. Efficiency by each type compared to existing operating system
KRW in thousands
Existing operating system Type 1 Type 2 Type 3 Type 4
A (B) © D) E)
Total benefit 0 21,433,999 24,679,244 21,136,856 24,679,244
Total cost 230,583,993 230,883,993 241,837,120 226,082,291 259,232,694
Net effect (Benefit-Cost) -230,583,993 -209,449,994 -217,157,876 -204,945,435 -234,553,450
Efficiency

(B, C, D, E-A) 0 21,133,999 13,426,117 25,638,558 -3,969,457

Efficiency ratio (%) 9.17% 5.82% 11.12% -1.72%

Table 11. Result of influence analysis of costs subsection for

each operating Types

Unit : KRW in thousands

Type Value amount
1 11,750,000(annual average)
Payroll cost 2 14,100,000
3 13,810,000
4 14,290,000
1 900,000(annual average)
2 4,500,000
Overhead cost 3 1,410,000
4 1,410,000
1 250,000(Information/infrastructure)
Integration cost 2 250,000(Information/infrastructure)
3 3,000,000(Facility/Information infrastructure)
4 3,000,000(Facility/Information infrastructure)

Table 12. Result of influence analysis of benefits subsection for each operating Types
Unit : KRW in thousands

Type Value amount
1 2,002 days(Annual sailing date)
p i 2 2,510 days(+508 days)
ayrofl cost 3 2,510 days(+508 days)
4 2,329 days(+327days)
1 16,020(unit price/day)
Overhead cost 2 15,330(-5,000)
verhead cos 3 14,920(-11,000)
4 15,250(-8,000)
removal of redundant project 0.214 %
Integration cost Discount effect of group vessel insurance rate 10 %
Effect of joint purchase of fuel 2.866 %
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