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Abstract This study analyzes regional technological capabilities in ammonia-fueled ship research by
integrating data from national R&D projects (2019-2023), academic publications (2019-2024), and
patents (2019-2023), and compares the relative technological position of Busan against major competing
regions in Korea. The results reveal that Busan ranked first nationwide in both the number of national
R&D projects and total research funding, positioning the Southeast region as a major cluster of related
research activities. In the publication analysis, Busan ranked first nationwide in the number of
publications per 1,000 researchers, while the patent analysis confirmed a specialization structure linked
to application and operation-oriented ship technologies. These findings provide empirical evidence for
Busan's technological competitiveness and offer policy implications for regional industrial strategy and

R&D planning in the ammonia-fueled ship sector.

Key Words : Ammonia-Fueled Ships, Regional Technological Capabilities, National R&D Projects, Patent
Analysis, Busan
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{Table 1) Analysis Scope and Key Variables by Data
Type

Analysis | Number of Key Variables Data
Source

Category Period Cases

Number of projects,
R&D funding, project
performers, institutions,
National Science and
Technology Standard
Classification

National
R&D  |2019-2023 227
Projects

NTIS

Number of articles,
citation counts, average
citations, share of
top-cited articles,
collaboration network

Articles | 2019-2024 341 Scopus

Filing trends,
characteristics of
applicants and
inventors, application
structure, patent
indicators, keywords,
co-applications

Patents |2019-2023| 26,318 KIPRIS

A, FAAATALIA BRI Ko S A%
o v, A= F7k 34, FATH L JATE, 59

A BE FR YW, BPIGEZEFE WF
=2 FEstgr. ol S5} 55 Ago] U4 4 49

34y 722 2EA, BE By A7
28 Hol=Ag velsieint.
A, =8 BAE Ao =8

| S4° 5%

e A b

242 vlElo 2 AZAES AEST, A7 1,000
Y =F 55 BE3e] A9 AhH ATHFES

slwstet. g AEE 49 A4 A7Y +8 71E0
2 429 Ao g Axolt. olo] & A1g %, B
F A% $8 B9 AP BAHct,

A, B3 BHAE AgE 29 FE9t AR A
SUEO B $E2 wreta, 2U

48 59 7
5l wgel Soto] WA Bo) 53 BAES FE:
Ak ES VI BEEY PR B4se] S5

5o) FA4 B4 sersigt, 27449 3
712 9o SALEARAD, SHAVARND, 53
AHAZPD, S5 5SEPRR), AGEARCED), 7]

A9E 7|

SFFAARCIVE TESIHo0, 2 N E oot 4t

412 (Table 201 AAISL. ole} 7 2 34l
PYEe} 719E YEYIE Basto] 7ol AR Ag

18 o

S EEAT, 355 A5et Ad A5E B A
tFEAT FE=E Sl

(Table 2) Definitions of Patent-Based Analytical

Indicators
Indicator Definitions
B/LP
CT/LT

4. a specific region

Pi: number of patents in the target technology|
field in region @

Z Pi total number of patents in the target
technology field across all regions

Ti: total number of patents or reference
technological activity in region @

2 Ti: total number of patents or total reference
technological activity across all regions

Activity Index (Al)

INI;, =
Innovation Index (INI) £

CPi: number of co-applied patents in region %
Pi: total number of patents in region @

Productivity Index (PI) Pi: total number of patents in region @

Ri: research resources or number of applicants

in region @

RE,

Patent Registration PR; = AP,
Rate (PRR) RPi: number of registered patents in region @
APi: number of patent applications in region i

G

CPP, = —-

Citations Per Patent B
(CPP) Ci: total number of forward citations received

by patents in region i
Pi: total number of patents in region @

CPP,

1. =
I3

CPr,
CPPi: average number of citations per patent in
region 7
CPPall: average number of citations per patent
across all patents

CIl (Current Impact
Index)

G
Sty = o
/B xE,
Cij:number of co-applied patents between
region 7 and regionj
Pi. total number of patents in region ¢
Pj. total number of patents in region j

Sl (Salton Index)
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(Table 3) Regional Distribution of National R&D

Projects and Funding in Ammonia-Fueled
Ship Research (2019-2023)

Unit: cases, %, KRW 100 million

v Number of| Share of thal R&D Share‘ of Total R&D!
Region Projects | Projects Fum'd:mgd_(Pn)vate FFL:r_]dlr:g '(:Shzjjr_e f)Jf
unding rivate Funding
Busan 52 22.9 590.8 (203.6) 34.8 (44.3)
Daejeon 39 17.2 239.1 (29.4) 14.10 (6.4)
Seoul 28 12.3 139.2 (36.1) 8.2 (7.9
Ulsan 27 1.9 91.9 (26.4) 5.4 (56.7)
Gyeonggi 18 7.9 109.3 (20.4) 6.4 (4.4)
Chungnam 12 53 129.8 (18.8) 7.7 (4.1)
Jeonnam 12 53 51.8 (17.7) 3.1 (3.9)
Gyeongnam " 4.8 239.9 (88.9) 14.15 (19.3)
Jeonbuk 10 4.4 31.6 (8.2 19 (1.8
Gyeongbuk 6 2.6 29.2 (2.8) 1.7 (0.6)
Gwangju 5 22 2.6 (0.0) 0.2 (0.0)
Chungbuk 4 1.8 10.6 (0.0) 0.6 (0.0)
Daegu 3 1.3 29.9 (7.2) 1.8 (1.6)
Total 227 100.0 |1,695.7 (459.5) 100.0 (100.0)
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[Fig. 1] Annual Number of R&D Projects and CAGR
(National and Top 5 Regions)
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(Table 4) Number of National R&D Projects by
Performer Type in Korea and Busan
(2019-2023)

Unit: cases, %

Performer | Number of Number of
Rank Type Projects Rank | Performer Type Projects
Korea Busan
Small and
1 Universities 73 1 Medium-sized 21
Enterprises
Small and
2 |Medium-sized 60 2 Others 18
Enterprises
Government—
3 funded 1 3 Universities 1
Research
Institutes
4 Others 2 g | Medum-sized |
nterprises
Large B B B
5 Enterprises 16
6 Mediumfsized 13 _ _ _
Enterprises
National /Public
7 Research 2 - - -
Institutes
Total 227 Total 52
&S [Fig. 219t Zo] Irertifsd A2 £
A/AGAAE, §] F71H- 27| 9 FAASEE
Hofo]l A7 FFE o] lof, FAE & AuF A-87]
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Shipbuilding/Marine Systems (63%)
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MainfAuxilary Systems & Propulsion System Advanced Material Energy/Eoo-frendly
Components, 40.4% development/Functional Machinery Systems (5.8%),

Analysis Technology, 5.8%  JiEX:L3

[Fig. 2] Distribution of National R&D Projects by
Science and Technology Classification in
Busan
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{Table 5) Number of Publications on Ammonia-Fueled
Ship Research by Region (2019-2024)

Unit: number of publications
Year Busan Seoul Daejeon Ulsan
2019 2 7 0 2
2020 7 12 8 4
2021 5 1 13 2
2022 8 10 13 4
2023 18 13 14 5
2024 21 21 20 12

Note: CAGR (2019-2024): Busan 60%, Seoul 25%, Daejeon 32%, Ulsan
43%.
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(Table 6) Publications per 1,000 Researchers in
Ammonia-Fueled Ship Research by

Region
Unit: number of publications, persons
Researchers

Seoul 74 1 158,706 0.47 10
Daejeon 68 2 40,024 1.70 3
Busan 61 3 17,192 3.55 1
Ulsan 29 4 8,362 3.47 2
Gyeonggi 21 5 223,253 0.09 16
Jeonbuk 17 6 10,941 1.55 5
Gwangju 15 7 8,944 1.68 4
Incheon 12 8 22,179 0.54 8
Gyeongbuk 10 9 20,272 0.49 9
Gyeongnam 9 10 22,310 0.40 "
Chungnam 8 " 20,388 0.39 12
Jeonnam 6 12 6,464 0.93 6
Chungbuk 5 13 15,481 0.32 13
Daegu 4 14 14,453 0.28 15
Jeju 2 15 2,340 0.85 7
Gangwon 2 16 6,898 0.29 14
Sejong 0 17 5,359 0.00 17
Total 341 - 591,309 16.71 -
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t(Table 7).

(Table 7) Citation Impact of Publications on
Ammonia-Fueled Ship Research by

Region
Unit: number of publications, citations
Region Pub-lrigéat:ons Ci;(gglns Rank Cié}[/ieq?geper Rank
Publication
Seoul 74 1,777 1 24.01 4
Daejeon 68 1,620 2 23.82 5
Busan 61 1,379 3 22.61
Ulsan 29 266 6 9.17 10
Gyeonggi 21 9N 4 43.38 1
Jeonbuk 17 117 10 6.88 12
Gwangju 15 177 9 11.80
Incheon 12 297 5 24.75 3
Gyeongbuk 10 208 7 20.80 8
Gyeongnam 9 74 12 8.22 1"
Chungnam 8 207 8 25.88
Jeonnam 6 15 14 2.50 15
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Chungbuk 5 113 1" 22.60 7 Gangwon 282
Daegu 4 21 13 525 13 Sejong 96
Jeju 2 8 15 4.00 14 Jeju 94
Gangwon 2 3 16 1.50 16 Domestic 14,580
Sejong 0 0 17 0.00 17 Foreign 11,738
Total 341 7,193 - 21.09 - Total 26,318
4.3 E3| 7|dt 7|29 XM (Table 10y &3] A1 SHolA= & JJr ol
- _ =0ololt)k EF & ZoA] =O /\ =]
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(Table 8) Patent Search Query

Search Query

(CT=[(KZLIOL + ammonia + NH3) * (M} + Q| + X + 2 + HFH2+
& + HiE + MO + bunkering + propulsion + combustion + fuel)])
* (AD=[20190101~20231231])
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(Table 9> Number of Patent Applications and Average
Annual Growth Rate by Region
(2019-2023)

Unit: number of patents

Region Total
Gyeonggi 4,320
Seoul 3,310
Daejeon 1,173
Gyeongnam 1,072
Chungnam 1,036
Gyeongbuk 817
Ulsan 679
Busan 626
Jeonnam 577
Jeonbuk 525
Chungbuk 442
Incheon 426
Daegu 370
Gwangju 310
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(Table 10) Patent Productivity by Region Based on
Number of Applicants (2019-2023)

Unit: number of patents, persons, patents per applicant

Region Number of Number of Paten?s per
Patents Applicants Applicant
Gyeonggi 4,320 1,583 2.73
Seoul 3,310 1,028 3.22
Daejeon 1,173 334 3.61
Gyeongnam 1,072 266 4.03
Chungnam 1,036 334 3.10
Gyeongbuk 817 300 2.72
Ulsan 679 133 511
Busan 626 291 215
Jeonnam 577 221 2.61
Jeonbuk 525 257 2.04
Chungbuk 442 226 1.96
Incheon 426 273 1.56
Daegu 370 212 1.75
Gwangju 310 148 2.09
Gangwon 282 163 1.73
Sejong 96 62 1.55
Jeju 94 66 1.42
Domestic 14,580 4,295 3.39
international 11,738 2,736 4.29
Total 26,318 7,012 3.75
[Fig. 3], (Table 11) 7|&Z3Ad A& v|w 23} £
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Patent Activity Index (Al)
09

Patent Innovation
Index (PIl)

Technology Impact
Index (TII)

<=+ Domestic
~——Busan

Patent Productivity

Citation Index (Cl) Index (PP1)
ndex

Patent Registration
Rate
[Fig. 3] Radar Chart of Patent-Based Technology
Competitiveness Indicators: Busan vs.
Domestic Average

(Table 11) Patent-Based Technology Radar Indicators
for Busan Compared with the Domestic

Average
Category Al NP | PRR | cPe |
Busan 0884 | 0232 | 0588 | 0.773 | 0275 | 0.031
Domestic | ¢ 739 | 0.146 | 0.668 | 0.705 | 0.343 | 0.819
Average

Note: The denominator used in calculating Cll includes both domestic
and international patents.

Ammonia I 21533
Medium Part I 14518
Catalyst I 13432
Air I 12035

Temperature INEEEEG—— 11981
Hydrogen EEEEG— 10771
Supply IR 9122
Sensor I 7955
Solution NG 7767
Fuel I 7718
Concentration | INEEG_—_—_— 7553
Carbon Dioxide I EG_— 7058
Electrode NG (345
Data I 6754
Pressure INNEEEEEG— 6590
Storage NN 6170
Nitrogen IEEG_— 5956
Filter I 5722
Reactor NN 5536
Control Unit NG 5100

Ammonia I 1465
Medium Part IR 896
Fuel I 766
Data I 516
Hydrogen EEEG— 475
Storage IEEEEGEG—_—_——— 443
Tank I 432
Carbon Dioxide IEEGEG_—_—_—— 372
Temperature IR 368
Air I 342
Control Unit IEEG_—_— 260
Pressure NN 247
Prediction G—_—_G—- 223
Mode! I—_— 223
Oxygen NN 223
Pipe NN 223
Power Plant I 221
Concentration NN 219
Fluid — 212

[Fig. 4] Frequency Analysis of Patent Claim Keywords
Related to Ammonia-Fueled Ships: National
(Top) and Busan (Bottom)
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[Fig. 5] Interregional Patent Collaboration Intensity
with Busan Based on Co-Applications
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