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EXECUTIVE SUMMARY

Analysis on International Cooperation
Conditions for Marine Carbon—Neutral

Science and Technology

: Shipping and Port Sector

YongSung Ahn, Juhyung Kim, Kyungshin Kim, Sanghyeok Lee, Hye
ryeong Lee,

Byongug Jeong, Hyungju Kim, Koosup Yum, Seungman Ha, Chyby
ung Park, Hayoung Jang, Joongwon Kim, Insik Hwang, Suwon Choi

1. Necessity for international cooperation plans in marine

carbon—neutral science and technology

1) Limitations of the existing policy paradigm for marine

carbon-neutral science and technology

= Uncertainty of future technologies in achieving long-term

objectives

- Despite global targets and deadlines for marine carbon-neutral
initiatives already having been established, the feasibility of
achieving these objectives under the current technological

paradigm is examined as nearly unattainable.
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- However, Korea's current policy paradigm for carbon-neural
technology is aimed at meeting its goals by 2030, rather than
2050. Based on this schedule, a number of scenarios have been
developed focusing on renewable energy such as solar and wind
power, which have secured and validated economic feasibility
in the market, battery technology-based electrification and

energy efficiency improvement technology.

- The current period requires urgent and active discussions about
a new technological paradigm post-2030, a crucial timeline that
will dictate the success of carbon neutrality track. However,
there is a lack of policy approach specifically addressing the
key determinant - ‘technology’ or ‘innovative technology — a
notable absence of efforts to develop and detail a strategic plan

in this regard.

= Constraints on international cooperation in marine

carbon-neutral science and technology

- Lack of fundamental data regarding marine carbon-neutral

science and technology for strategic approach

* The latest policy direction of the Korean government is focused
on a strategic approach for minimizing the gap between policy
process and actual technology as well as the market. Such gap
stems from inherent problems in the process of achieving carbon
neutrality in 2050, specifically the uncertainties associated with

‘innovative technology’ crucial for carbon neutrality.

* Despite this strategic approach, particularly the direction to
strengthen relevant international cooperation, earnest discussions

on concrete implementation strategies and investment directions
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have been insufficient.

* This is attributable to the lack of fundamental data on which to
buttress the discussion of specific plans, i.e., validation of
innovative and core technology candidates, analysis of the level
of competencies of domestic technologies, growth potential as

well as mid-to long-term market outlook, etc.

- Strengthening exclusive trade barriers and technology alliances

driven by technology-leading nations

*In the market environment surrounding core technologies and
industries related to carbon neutrality post-2030, major countries
are acknowledging this as a matter of national survival in the
context of economy and security as the concept of ‘technological
sovereignty. Consequently, these nations are strategically
enhancing trade barriers and forming technology alliances as a

response to the escalating boundless competition in this domain.

* Recent trends in international protectionism and strengthened
regulation of climate change response and environmental
sustainability are increasingly aligned. In this context, major
countries leading the development of future technologies are
actively leveraging various forms of international cooperation,
mainly targeting scientific and technological international
cooperation between leading countries, to dominate new markets

in advance for carbon-neutral technologies.
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2) Necessity for international cooperation plans in marine

carbon-neutral science and technology

XxXxii

Strategic approach to improve technological capabilities
following the restructuring of the future innovative technology

market

‘International cooperation’ is a significantly valid strategic
approach for us at the moment: it minimizes the uncertainties
suggested above, while simultaneously providing an opportunity
for us to be involved in the decision-making processes of
innovative core technologies. These technologies are expected
to dominate future markets, and through such collaborations,
we can position ourselves to take a leading role in the markets

they will trigger.

It has the effect of creating a global value chain by organizing
patents, standards, or platforms that can be jointly utilized
globally, highlighting its importance even more as a mechanism
for jointly responding to global issues such as climate change
and COVID-19.

Preemptively responding to the trend of forming technology

alliances between carbon-neutral technology leading nations

As of recent, leading nations have been actively pursuing
measures to strengthen protectionism through the introduction
of technical barriers to trade (TBT) as part of their efforts to
achieve carbon neutrality. Simultaneously, there is intense

competition to secure 'technology sovereignty', a concept that
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has escalated to the level of national security.

- It is essential to further enhance our already advanced
technological competencies and infrastructure support.
Concurrently, we should proactively seek and establish
multilateral partnerships focused on innovative joint research
and development collaborations. This can be achieved by
effectively utilizing and connecting various domestic and

international cooperation support programs.

2. Analysis of international cooperation conditions for

marine carbon—neutral science and technology

1) Construction of surveys and analysis models

- Prior to the expert group's assessment of technology levels and
pending issues, the researchers selected the most promising
technologies for achieving carbon neutrality in the shipping and
port sectors under the 2030-2050 technology development
scenario, categorized and hierarchized them, in order to specify
technology items and assessment items targeted for the

assessment.

(1) Classification of types of marine carbon-neutral science and
technology: Shipping sector

- In the shipping sector, technology for the carbon neutrality of

ships reflects the concept of 'life cycle assessment (LCA)' and
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'well-to-wake (WTW)', and selects the types of technologies and
technology items required in stages in accordance with the flow
of 'production, use, and emission of energy' in the operational

process of ships.

(Pic 3-1) Diagram to derive a science and technology classification system
in the shipping sector

Energy Production (Solar
power, Wind power)

Energy
Conversion
Energy Consumption
(Power/Battery, H2, NH3,
Methanol, Bio—fuel)
Technical Solution
(Resistance, Propulsion,
: Energy efficiency)
. nergy
Maritime Efficiency
Operational Plan (Speed,
Route)
OCCS
(Post, Pre combustion)
Pre/Post
Processing

Methane Gas

(Catalyst, Reliquifaction,
Plasma reduction)
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(Table 3-1) Detailed classification of carbon—-neutral technologies
(Classification system) in the shipping sector

Energy conversion SO e Pre/Post Processing
improvement
Medium Small Detaled ~ Medium ~ Small  Detalled Medium  Small | Detailed
category | category = technology | category category technology category  category | technology
Energy Solar Solar thermal Technical ' Resistance Air Carbon  Pre- Solvents
production | power collector solution  mitigation | lubrication |dioxide | combustion
(Alternative Solar panel ~ (Ship Propulsion Stern|(OCCS) Membrane
energy equipment) efficiency  ducts s
sources)  Wind  Wind turbine improvem  Wake Solid
power ent equalizing sorbents
ducts
Energy Electric  Battery Pre—swirl Cryogenic
consumption ' power/ ducts
(Alternative | Battery Capacitor Pre-swirl Post Post
fuel) stators combustio| combustion
n carbon
capture
system
Hydrogen |Fuel cell Vortex Oxyfuel
(PEMFC/HT- generator combustion
PEMFC fins
/SOFC/MCF
C/AFC)
Internal Propeller |Methane ' Methane Methane
combustion boss cap |gas catalysts | oxidation
engine fins in exhaust | catalyst
Ammonia  Fuel cell Flattener Reliquifac |Ex)
(SOFC/AMFC) rotor tionin  PureCool
venting
Internal Towing Plasma
combustion kite reduction
engine
Methanol | Fuel cell Wing sail
(HT-PEMFC/
SOFC/MCFC
/DMMFC)
Internal Soft sail
combustion
engine
Bio fuel | Fuel cell Energy | Onboard
(SOFC/MCFC) efficiency |DC grid
improvem | system
ent
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Energy conversion E’?ergy sfficiency Pre/Post Processing
improvement
Medium Small Detaled ~ Medium ~ Small  Detaled Medium  Small | Detailed
category | category = technology | category category technology category —category | technology
Internal Operation | Ship Optimiza
combustion al plans  speed tion
engine (Ship optimizati |technolo
operation) |on ay
(A/Big
data)
Optimal | Optimiza
route tion
technolo
ay
(Al
Big data)

Source: Prepared by the authors
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(2) Classification of types of marine carbon-neutral science and
technology: Port sector

- As shown in the classification of the shipping sector earlier,
science and technology for the realization of carbon neutrality
in the port sector selected the type of technology and technology
items required in stages in accordance with the flow of

'production, use, and emission of energy' in the port

{Pic 3-2) Diagram to derive a science and technology classification system
in the port sector

Energy Production
(Solar power, Wind power)

Energy Energy Consumption
Conversion (Power/Battery, Hydrogen)

Energy Linkage (Energy grid)

Technical Solution (Crane,
Vehicle/Trailer)

Energy
Port Efficiency
Operational Plan
(Cargo Flow)
Pre/Post CCS
Processing (Capture, Storage, Utiliz.)
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(Table 3-2) Detailed classification of carbon—-neutral technologies
(Classification system) in the port sector

Energy conversion Energy efficiency improvement ~ Pre/Post Processing
A — Small Detailed Medium el cte Detaled  Medium = Small | Detailed
oy category | technology | category oy technology  cateqory category | technology
Energy Solar Photovo | Technica | Crane Automa = Car | Captu | Amine
production | power  ltaic(PV) | Isolution | efficiency | ted bon re scrubbing
(Alternative solar (Port improveme | cranes | capt
energy panels equipment) it ure
sources . and e
) Concent Hybrid Stor Aming
rating cranes  aoe serubbing
solar (CC
power S
csp )
Solar Telesco ' Nemberares
thermal pic jib separation
crane
Passive Crane W
solar electrifi distillation
gain cation
Floating Vehicle/trailer |~ Automa Direct
photovo efficiency ted air
ltaics improvement | trailers capture
(DAC)
Wind Onshor Trailer Storage | Deplsted
power | e wind electrifi oil and
turbines cation gas
TBSErVoirs
Offshor | Operation = Cargo flow Al Sdine
ewind | alplans improvement aquifers
turbines | (port (Smart port)
operation, , =
Energy Energy = Smart pretr) Big data Basalt
linkage grid grids formati
(Distribu ons
d Mo 10T Ocean
generatl i storage
on
technolo
oy port)
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EXECUTIVE SUMMARY

Energy conversion Energy efficiency improvement ~ Pre/Post Processing
Mecdim cteco Small Detailed Medium Smal cateco Detalled ~ Medum ~ Small | Detaled
oy category  technology | category oy technology  category category | technology
Energy Electric | Lithium Utiliz  Enhanced
consumpti | power/ | -ion ation | ol
on Battery | batteries recovery
(Alternative (EOR)
fuel)
Sodium Carbon
=ion mineral
batteries ization
Flow Product
batteries ion of
synthet
ic fuels
Hydrog = PEMFC Product
en ion of
SOFC plastics
AFC

Source: Prepared by the authors

(3) Surveys and analysis

= Conducting surveys

- A survey was carried out via email for approximately three
weeks from late July to mid-August in 2023 targeting a group

of domestic and foreign experts by technology type.

- After collecting responses from a total of 45 experts including
21 domestic experts and 24 foreign (Europe) ones, the survey

secured valid responses by asking responses again to errors.

= Result analysis

- Technology level assessment: The gap between domestic

XXXiX



technology and foreign technology was evaluated by using a
100-point scale for each type of technology and item in the

shipping and port sector.

- A 7-point scale was employed for international trends (market
share), technical difficulty, and potential for carbon neutrality
contribution to derive international cooperation strategies by
type; the importance of detailed items in each area was evaluated
by calculating the average of the obtained scores and the average

of the 7 points of the detailed items.

- In estimating the importance of technology by type and item,
the evaluation period is specifically divided into 'present to 2030'

and '2030 to 2050 to reflect the implications of the time gap.

(Table 3-3) Process of conducting survey analysis

Derive Refine and
Hold expert I
survey . finalize Conduct a Analyze
. seminar per - -
topics and survey survey results
A sector .
items questions

* Construction of
@ Technology port and shipping

gap sector * |dentification

@D q classification * Finalizationof ~ * Domestic of the most
sy survey [foreign pressing
assessment system (large,
. ' structure, experts technology
(marketabili medium, small . _
i items and * Acad areas for
ty/ technical type rethods cademic, : °
difficulty/P classification) : affiliated lomestic
otential for * Confirmation of * Securing groups/int development
Lo survey erest and
carbon individual ) nternational
neutrality technology items participants groups internationa
contribution per small cooperation
classification

Source: Prepared by the authors
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EXECUTIVE SUMMARY

2) Technology gap analysis by technology type and item

(1) Shipping sector

(Table 3-4) Assessment of domestic technology level in the shipping sector:
Energy conversion

Domestic technology level | No.1 nation (Num. of respondents)

Cat i '
— Average Dc;)r(r;)isrttw Z(;rsg? ROK ~ US  Japan  Europe Others

Energy
production Solar 59.8 64.3 55.2 4 8 0 21 8

(Alternativ

G energy | Wind power 583 59.5 57.1 4 1 3 3 4
sources)

Electic 667 671 662 2 10 0 26 2
Energy power,/Battery
consumpti | Hydrogen = 606 | 61.7 59.6 3 7 9 | 2 2
N Ammona 595 586 605 4 5 7 24 0
(Alternativ
efue)  Methanol 602 614 5889 5 2 3 29 2
Biofue 573 610 856 3 10 2 23 2

Technology in all 60.3 61.9 58.7 25 43 24 177 20

Source: Prepared by the authors

(Table 3-5) Assessment of domestic technology level in the shipping sector:
Energy efficiency improvement

Domestic technology level | No.1 nation (Num. of respondents)

Category Domestic ~ Foreign

Average I p—— ROK US| Japan Europe Others

Resistance 76 g95 757 19 3 7 15 0
mitigation
Technical  Propulsion
solution | efficiency = 838 | 895 | 781 17 1 4 21 0
(Ship improvement

equipment) Energy

efficiency 82.9 89.0 76.7 17 1 3 20 0
improvement
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Domestic technology level

No.1 nation (Num. of respondents)

Cat - -
LS Average Doty i ROK = US | Japan Europe Others
expert | expert
Operational STP .Sp‘i?d 806 87 745 12 3 4 2B 0
olans (Ship optimization
operation) | vialroute 787 | 836 738 8 2 5 29 0
Technology in all 81.7 87.7 75.8 73 10 23 110 0

Source: Prepared by the authors

(Table 3-6) Assessment of domestic technology level in the shipping sector:
Pre/Post processing

Category

Domestic technology level

No.1 nation (Num. of respondents)

Domestic

Foreign

Average R —— ROK = US | Japan  Europe Others
" 661 686 636 4 6 4 2% 0
combustion
0OCCS
Post ' ggo  me3 882 2 6 6 23 O
combustion
Methane
catalysts in 67.7 70.8 64.7 4 6 0 26 0
exhaust
Methane Reliquifaction
gas . . 69.4 733 65.6 7 6 1 23 0
in venting
Plasma 60.1 640 561 17 24 11 98 0
reduction
Technology in all 64.3 670 6164 34 48 22 1% 0

Source: Prepared by the authors
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EXECUTIVE SUMMARY

(2) Port sector

(Table 3-7) Assessment of domestic technology level in the port sector:
Energy conversion

Domestic technology level | No.1 nation (Num. of respondents)
Category T Domestic | Foreign
expert | expert

Energy Solar 636 650 @ 621 1 15 1 15 8
production | Wind 568 573 @ 564 0 1 4 | 34 2

ROK = US | Japan Europe | Others

Energy qurgygrid

linkage (Distributed ~ 62.6 63.9 61.3 4 9 2 24 0
generation)
Electric

Erergy | POwer | 691 690 692 5 10 3 13 4
consumption /Battery

Hydrogen | 57.2 56.0 58.5 1 4 7 20 3
Technology in all 61.9 62.2 61.5 1 39 17 106 | 17

Source: Prepared by the authors

(Table 3-8) Assessment of domestic technology level in the port sector:
Energy efficiency improvement

Domestic technology level | No.1 nation (Num. of respondents)

Category Average Domestic | Foreign
9 expert | expert

ROK =~ US  Japan Europe @ Others

Crane

Technical | efficiency 745 733 758 4 10 3 18 1
solution | Improvement

(Port vehicle/Trailer
equipment)  efficiency 750 723 778 4 12 2 16 1
improvement

Operational ' Cargo flow

plans (Port = improvement ~ 72.8 69.0 765 4 7 2 21 0
operation) = (Smart port)

Technology in all 741 71.5 767 12 29 7 55 22
Source: Prepared by the authors
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(Table 3-9) Assessment of domestic technology level in the port sector:
Pre/Post processing

Domestic technology level

No.1 nation (Num. of respondents)

=L Average Pariesic | feisl ROK '~ US  Japan Europe Others
expert | expert

Carbon | Capture 564 570 55.7 1 12 2 23 1
capture

4 Sorage | 832 540 525 1 1 2 2 1
storage

(cecs) Utilization 50.3 545 46.2 0 9 3 25 1

Technology in all 53.3 55.2 515 2 32 7 70 3

Source: Prepared by the authors
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EXECUTIVE SUMMARY

3) Analysis of current issues and technology demands

related to marine carbon neutrality

- Based on the classification system of carbon-neutral science and
technology in the shipping and port sector selected in this study,
an evaluation was carried out per three indicators: 1) future
marketability, 2) technical difficulty and 3) contribution to
carbon neutrality. These indicators were applied to future

technology scenarios devised by experts in each sector.

(1) Shipping sector

(Table 3-10) Market adoption/applicability of carbon neutral technology in the
shipping sector

Present ~ 2030 2030 ~ 2050
Energy conversion Average Domestic = Foreign Average Domestic = Foreign
experts | experts experts  experts
Energy Solar 33 38 29 41 44 38
production
(Alternative
energy ,
sources) Wind power 34 34 34 4.6 44 4.7
Flectric 42 42 41 54 54 54
power/Battery
Energy Hydrogen 3.6 3.8 34 6.1 6.5 5.8
ComSUMmPHON - monia 42 43 42 6 63 @ 58
(Alternative
fuel)
Methanol 48 5.2 44 5.6 5.7 54
Bio fuel 44 5.1 3.8 5.1 5.6 47
Technology in all 4 42 3.7 5.3 55 5.1
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Present ~ 2030 2030 ~ 2050
Energy efficiency improvement Averse Domestic = Foreign e Domestic ~ Foreign
experts | experts experts | experts
Resistance 49 51 48 53 51 56
mitigation
Technical :
solution Prop gIS|on
(Shi efficiency 5 5.1 49 54 53 5.6
NP improvement
equipment) -
qurgy efficiency 5 53 47 58 57 58
improvement
_ Ship speed 51 52 5 55 56 | 55
plans )
Optimal route 5 5.2 49 55 56 54
Technology in all 5 5.2 48 55 55 5.6
Present ~ 2030 2030 ~ 2050
Pre/Post processing Domestic ~ Foreign Domestic = Foreign
Average Average
experts | experts experts | experts
Pre-combustion 3.6 4 3.2 5.1 5.3 48
OCCS
Post combustion 3 3.6 24 45 49 42
Methane catalysts in 34 42 25 45 5 4
exhaust
Methane iquifaction i
Rellquﬁa_chon in 33 42 25 42 A8 37
gas venting
Plasma reduction 2.8 35 2.1 4 4.4 3.6
Technology in all 3.2 3.9 25 45 4.9 4.1

Source: Prepared by the authors
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EXECUTIVE SUMMARY

(Table 3-11) Technical difficulty of energy conversion technology in the

shipping sector

Energy conversion

Technical difficulty

Average Domestic experts | Foreign experts
Energy
production Solar 3.7 35 3.9
(Alternative
energy Wind power 4 39 4.1
sources)
Electric power/Battery 45 4.8 42
Energ»;' Hydrogen 6.1 6.3 6
C&Tf;:;\';” Ammonia 57 57 57
fuel) Methanol 45 4.6 43
Bio fuel 4 44 35
Technology in all 4.6 4.7 45
Energy efficiency improvement Technical dificuity
2 pins Average Domestic experts | Foreign experts
, Resistance mitigation 3.9 3.9 3.9
Technical Propulsion efficienc
solution P ¥ 3.9 4 3.9
(Ship mprovemgnt
equipment) qurgy efficiency 4 41 3.9
improvement
Operational | Ship speed 35 38 32
plans (Ship optimization
operation) Optimal route 36 39 33
Technology in all 3.8 3.9 3.6
. Technical difficulty
FiailPes preesadiy Average Domestic experts | Foreign experts
Carbon Pre-combustion 54 5.7 5.1
dioxide ,
(0CCS) Post combustion 5.6 6 5.2
Methane catalysts in 51 59 5
exhaust
Methane gas Rellquﬁa_ctlon in 51 5 52
venting
Plasma reduction 54 54 53
Technology in all 53 55 5.2

Source: Prepared by the authors
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(Table 3-12) Effects of introducing energy conversion technology in the
shipping sector

Present ~ 2030 2030 ~ 2050
Energy conversion Domestic ~ Foreign Domestic =~ Foreign
Average Average
experts | experts experts | experts
Energy
production Solar 34 3.9 29 4.1 4.3 4
(Alternative
energy Wind power 35 4.1 3 46 48 45
sources)
Flectric 41 47 35 53 53 53
power/Battery
Hydrogen 4.1 5 3.3 6.2 6.8 5.6
Energy
consumpton - onia 44 53 35 | 62 65 6
(Alternative
fuel)
Methanol 45 5.2 3.7 5.5 6 5.1
Bio fuel 44 5 3.7 5.1 5.7 44
Technology in all 4.1 4.7 34 53 5.6 5
Present ~ 2030 2030 ~ 2050
Energy efficiency improvement Domestic ~ Foreign Domestic  Foreign
Average Average
experts | experts experts | experts
Resistance 43 44 42 46 44 49
' mitigation
T:()Clzglocsl Propulsion
(shi efficiency 4.3 45 4.1 4.8 4.7 4.9
ShIP improvement
equipment) -
Erergyefficiency 43 46 4 48 5 47
Improvement
Operational ~ SPSPESd 45 4e 43 48 49 48
P . optimization ’ ’ ) ’ ’ ‘
plans (Ship
operation)  Optimalroute = 43 | 45 42 48 48 48
Technology in all 43 4.6 4.1 48 47 4.8
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EXECUTIVE SUMMARY

Present ~ 2030 2030 ~ 2050
Pre/Post processing Domestic ~ Foreign Domestic ~ Foreign
Average Average
experts | experts experts | experts
Pre-
Carbpn combustion 39 4.8 3.1 5 5.6 45
dioxide b
(0ccs) ost 35 45 26 46 | 52 4
combustion
Methane
catalysts in 3.6 4.4 2.7 45 5.1 3.8
Methane exhaust
gas Reliquifaction in 35 46 25 44 49 39
venting ' ' ' ' ' '
Plasma reduction = 3.3 43 2.3 44 4.8 3.9
Technology in all 3.6 45 2.6 46 5.1 4

Source: Prepared by the authors

(2) Port sector

(Table 3-13) Market adoption/applicability of carbon neutral technology in

the port sector

Present ~ 2030 2030 ~ 2050
Energy conversion Domestic | Foreign Domestic | Foreign
Average Average
experts | experts experts | experts
Solar 44 44 44 53 49 5.7
Energy
production ,
Wind power 4.2 3.8 46 55 5.1 58
Energy grid
Energy (Distributed
linkage generation 45 46 45 5.9 6 58
technology port)
Energy Electric 47 47 47 6 58 63
consumption = power/Battery ' ' ' ' '
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Hydrogen 35 35 35 5.7 58 55
Technology in all 43 42 43 57 55 5.8
- Present ~ 2030 2030 ~ 2050
Energy efficiency D i Forei D | Fore
improvement P omestic  Foreign T omestic  Foreign
experts | experts experts | experts
Crane
) efficiency 45 47 43 5.2 53 52
Technical improvement
solution (Port - ,
equipment) Vehple_/T railer
efficiency 46 48 44 54 53 55
improvement
Operational = Cargo flow
plans (Port | improvement | 4.8 49 47 5.9 59 59
operation) | (Smart port)
Technology in all 46 48 44 55 55 55
Present ~ 2030 2030 ~ 2050
Pre/Post processing Domestic | Foreign Domestic | Foreign
Average Average
experts | experts experts | experts
Carbon Capture 3 32 2.8 5 48 5.1
captureand  gyorage 31 32 29 5.1 48 5.4
storage
(CCs) Utilization 26 3 23 4.9 4.7 5.1
Technology in all 2.9 3.1 2.7 o) 4.7 5.2

Source: Prepared by the authors

(Table 3-14) Technical difficulty of commercialization of port carbon-neutral
technologies

Technical difficulty

Energy conversion Domestic Foreign
Average
experts experts
Energy Solar 3.6 3.6 3.6
production Wind power 4 42 38
. Energy grid (Distributed
Energy linkage generation technology port) 42 44 4




EXECUTIVE SUMMARY

Energy Electric power/Battery 4.2 4.4 39
consumption Hydrogen 5.8 5.8 5.7
Technology in all 43 45 4.2
Technical difficulty
Energy efficiency improvement Domestic Foreign
Average
experts experts
Technical Crane efficiency improvement 32 32 3.1
solution (Port Vehicle/Trailer efficienc
X Y
equipment) improvement 32 33 31
Operational Cargo flow improvement
plans (Port 4.1 43 38
: (Smart port)
operation)
Technology in all 3.5 3.6 3.3
Technical difficulty
Pre/Post processing Domestic Foreign
Average
experts experts
Capt 5.5 5.7 5.3
Carbon capture apuire
and storage Storage 5.3 54 5.3
CCS
€ Utilization 5.7 5.7 5.6
Technology in all 55 5.6 54

Source: Prepared by the authors

(Table 3-15) Effects of introducing carbon neutral technology in the port sector

Present ~ 2030 2030 ~ 2050
E ) . . . .
nergy conversion e Domestic = Foreign Ry Domestic | Foreign
experts  experts experts  experts
Energy Solar 4 4.6 34 5 5.1 49
production ' \wind power 3.8 4 3.7 5 48 52
Energy grid
Ener (Distributed
|' % generaion = 4.4 45 43 5.4 5.2 5.7
inkage
technology
port)

li



Electric
consumption
Hydrogen 3.9 4.7 3.1 5.9 6.4 53
Technology in all 4.1 45 3.8 5.4 b4 53
- Present ~ 2030 2030 ~ 2050
Energy efficiency Domestic = Foreign Domestic = Foreign
i t
MPEAEITIED S experts  experts R experts | experts
Crane
Technical | efficiency 38 4.1 35 43 45 42
solution  improvement
(Port Vehicle/Trailer
equipment) | efficiency 4.0 4.2 3.8 45 45 4.4

improvement

Operational | Cargo flow
plans (Port | improvement 4.4 4.5 4.4 5.1 5.2 5.1
operation)  (Smart port)

Technology in all 4.1 4.3 3.9 46 47 4.6
Present ~ 2030 2030 ~ 2050
Pre/Post processing Domestic  Foreign Domestic ~ Foreign
Average Average

experts  experts experts = experts
Carbon Capture 37 4.3 3.1 5.1 5.3 49
captureand g 37 42 32 49 52 47

storage

(CCY) Utilization 35 43 28 5.1 54 48
Technology in all 3.6 4.2 3 5 b3 48

Source: Prepared by the authors
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EXECUTIVE SUMMARY

4) |dentification of technology items for international cooperation

= Classification of technology types for international cooperation

- As part of a strategic approach for science and technology
international cooperation, the researchers defined technology
types targeting international cooperation into three: ‘leading

‘o

technology’, ‘joint technology’ and ‘collaborative technology .

(Table 3-16) Selection of technology types for international cooperation

Classification Content

* The technology level is already at the top level, and needs to secure
a ‘super gap’ through future R&D

Leadin
g . Type of technology with significant contribution to carbon neutrality
depending on the market size and introduction around 2030
* Type of technology that is close to or rapidly approaching the
Joint technology level of leading nations

* Type of technology with significant contribution to carbon neutrality
depending on the market size and introduction around 2030

* Even though the market size increases around 2030 or the
technology type has a large contribution to carbon neutrality
resulting from the introduction, the global technology maturity is
still considered to be in the early stage of development.

Collaborative
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= Identification of technology items for international cooperation

(Table 3-17) Identification of technology types for international cooperation
in the shipping sector

Domestic .. Technical Introduction :
. technology Marketability .. Cooperation.  R&D
Energy conversion difficulty =~ effect
level 0) 0 0 type Urgency
(100)
Energy
production Solar 59.8 4.1 3.7 4.1
(Alternative
BNergY  Wind power
sources)
Electric Joint
power/Battery
Energy Hydrogen Joint | Urgent
consumption
(Alternative = Ammonia Collaborative  Urgent
fue) Methanol Joint
Bio fuel Collaborative.  Urgent
Total - _
Energy efficiency Cooperation.  R&D
improvement type Urgency
Resistance Joint
mitigation
Technical Prop l.Jlsm .
) . efficiency Joint
solution (Ship .
. Improvement
equipment)
Energy
efficiency Joint
improvement
Ship speed .
Operational ' optimization Joint
plans ] .
Optimal route Joint
Total - -
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EXECUTIVE SUMMARY

Pre/Post processing

Domestic
technology Marketabili

e difficuty

()

Carbon
dioxide
(ocey)

R&D

Urgency

Pre-combustion

Post

combustion 582

Methane gas

Methane
catalysts in
exhaust

Joint

Reliquifaction in

. Joint
venting

Plasma
reduction

Total

Source: Prepared by the authors

(Table 3-18) Identification of technology types for international cooperation

in the port sector

Domestic
e . technology Marketabili Cooperation ~ R&D
0/ level type Urgency
(100)
Energy Solar
production Wind power
Energy grids
Eﬂﬁ;gi (Distributed Joint | Urgent
9 generation)
Electric .
Energy power/Battery Joint | Urgent
consumption
Hydrogen Urgent

Total

v



Energy efficiency Cooperation.  R&D
improvement type Urgency
. Crane efficiency Urgent
Technical =~ Improvement
solut.|on (P(:)rt Vehicle/Trailer
equipmen efficiency Urgent
improvement
Operational = Cargo flow
plans (Port | improvement Urgent
operation) | (Smart port)
Total _
. R&D
Pre/Post processing level type Urgency
(100)
Capture 56.4 Collaborative| Urgent
Carbon
capture and Storage 53.2 Collaborative| Urgent
storage (CCS
Utilization 50.3 Collaborative
Total 583 -

Source: Prepared by the authors
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47) HdE(2022.10.20.)(BMY: 2023.7.11), p. 3.
48) TAEH §5(2023.4.)(HML: 2023.5.31.), p.168.
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1) EU 2teP71E &3 A

FHAMEU)S thget =7kt A4, 2o tisf Hxgit ti&,
A 59 gHE S AY(Funding)stal et AEAY(Funding)©l
o] AR EUQ A A, 7 =7HAY F=9] 88 7]
=, A7FAY Fo] Ttk AR ALY SO FAdE0] Stk

EU9 A2 Y 2182 34 6719 FA(Heading), 15719 AlF &
T8 FREY, 7 BE2 Ut A ZRIHEE P45 Sl 9]
= & 92 A, g4 9 YA|E(Single Market, Innovation and
Digital)®] A+ 9 &Al(Research & Innovation)¥} -89 A=F4 T2t
(European Strategic Investments)?l| s|goH= T2 IH S04 F2 A
Tt Hshle WAL AYsta ok

(J& 2-7) EU X122 FH|(Heading) X ME 2%

EU X3X| ¥ & 7|2 (EU Funds & Grants)

RIGixtel 9 8
(Natural Resources & Environment)

| =9 & ot |
(Agriculture & Maritime Policy)

ZH|1 (Heading1) A3 (Heading 3)
S A, S 2 OxE

(Single Market, Innovation and Digital)

(Regional Development & Cohesion)
Y ExpY

European Strategic Investments) ‘ |§l§ 2 3|22 (Recovery and Resilience)l | ( EEERM S |

Environment & Climate Action)

He AlF (Single Market) AR, ARelR Z4 9 JR|of Tt £
(Investing in People, Social Cohesion &

Values)

I %7 % 82l (Research & Innovation) | EEEEEE
L

2% (Space)

Ot (Security) | el ZX| (External Action) |

| 01 (Migration)

I =7 #2| (Border Management)

49| (Defence) | N 7R R |
(Pre-Accession Assistance)

X2 European Commission(2021.4.29.), 2021-2027 long-term EU budget &
NextGenerationEU(ZMY: 2023.7.11.) 10 XXEH,
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‘A @ FAl(Research & Innovation) $-#2 ‘Horizon Europe’,
‘ERTP(Euratom Research and Training Programme), ‘TTER
(International Thermonuclear Experimental Reactor) &°] Z3Hd
ot 3], EU 7§ 5 7M% d#4Q] A0 A9 Z2I9, Horizon
Europe’& 1ot 7|&4-AA|14- 23 4-A8l14 9F 5 He FE9 A+

o A7 NEE Akl At

‘GH9 HZFA EANEuropean Strategic Investments) HF-
TnvestEU’,  ‘Connecting Europe Facility’, ‘Digital FEurope
Programme’ 5°| HHEHolc}t. A4, ‘InvestEU & RIXFEAF /4], %187
Al gAE A 5= 9% 8 7| Z=HES X3t} ‘Connecting
Europe Facility = 8 A9 :8 oA, g 9 txd 1z} 4
T 52 AYstal glo™, Digital Europe Programme’2 -39 XA]
B
=)

o=
A 52 7151 4 Qe ZRAESS AYshs ZRT0Hol,

H2-12) EU AISAIE B2 L ME T2 (2021-2027)

= 2z oz
(Heading) | (Sub-category) (Programme)

1 & &Al | ° Horizon Europe
(Research & | ® Euratom Research and Training Programme
Innovation) |« |TER

QB SRR

- * InvestEU
T AlY, s (European . .
o )X Strategic * Connecting Europe Facility
(Single Investments) | ° Digital Europe Programme
market,

Innovation and ¢ Single Market Programme
Digital) T AIE * EU Anti-Fraud Programme
(Single Market) | * Cooperation in the field of taxation (FISCALIS)
* Cooperation in the field of customs (CUSTOMS)

O X7}
TTOoL

(Space) * European Space Programme
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|

(Heading)

r== i N
(Cohesion and
Values)

NSNS C R
LIl
(Natural
Resources &
Environment)

Ol ¥ =24
2t
(Migration &
Border
Management)

QI 3 8o
(Security &
Defence)

==
T

(Sub-category)
A 2 24
(Regional

Development &
Cohesion)

3= % 3=
(Recovery and
Resilience)

(Investing in
People, Social
Cohesion &
Values)

5ol g

(Agriculture &
Maritime Policy)

oE YIRS

(Environment &

Climate Action)

(UES
(Migration)

=4 &
(Border

Management)

ot
(Security)

E
(Defence)

oY EtASE WePls ol & #d 53 02
oz
(Programme)

* European Regional Development Fund (ERDF)
* Cohesion Fund (CF)

* REACT-EU

* Support to the Turkish Cypriot community

* Recovery and Resilience Facility

* Technical Support Instrument

* Protection of the Euro Against Counterfeiting
* Union Civil Protection Mechanism (rescEU)

* EU4Health

* European Social Fund+

° Erasmus+

* European Solidarity Corps
¢ Justice Programme

¢ Citizens, Equality, Rights and Values
programme

¢ Creative Europe

* European agricultural guarantee fund (EAGF)

* European agricultural fund for rural development
(EAFRD)

* European Maritime, Fisheries and Aquaculture
Fund

* Programme for Environment and Climate Action
(LIFE)

* Just Transition Fund

¢ Asylum, Migration and Integration Fund
¢ Integrated Border Management Fund
* Internal Security Fund

* Nuclear Decommissioning (Lithuania)
* Nuclear Safety and Decommissioning

* European Defence Fund
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=H CT EERE

(Heading) | (Sub-category) (Programme)
* Global Europe: Neighbourhood, Development
Q| XX and International Cooperation Instrument
012 U M7 (External * Humanitarian Aid
(Neighbourho Action) * Common Foreign and Security Policy
od & the * Overseas Countries and Territories
World) T ap ko) x84

(Pre—Accession | ® Pre—Accession Assistance
Assistance)

Xt&: European Commission(2021.4.29.), 2021-2027 long-term EU budget &
NextGenerationEU(ZAMY: 2023.7.11.) &1 MAF &4,

)
iy
o

P
el

e

n:

o
rE
1o
2
m
c: ul
[41!
>1«E
A
i

992 Yo 49T U

(d% 2-8) EU AI2X|& ¥ E E3E(Funding & Tender platform)

X2 European Commission, Funding & tender opportunities, (ZAY: 2023.7.10)
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ZEgRe AL, 24 D 718 7k o] QoA A Ze o) 4
of wet ol M5t F7h/7lwe] Weleh AZo] Aolstch ‘Horizon
Furope' 71% 89 2 YE9AS ol87 ¥ $49] A7 2 B4 4
9 meagow, ulel Svjel A3we) ol Hehs gk ok

(2) Horizon Europe ZZ 1%

‘Framework Program(FP)' 2 EUS| H#4 =A|7|&dE FFog 7]
SHglo] S5l UN9 R&7Ks3t et ZR1E 9AS R|Ystoan &
Ao AAY g AL 22517] 93t =2 JFol}, 19844 A1}
FPE ZW3} o]d|& EFU T8}7|& Ao AL o]2 7 glon, IQlY]
3 Z273 Qo 3Jx}of| we}t ‘Horizon Europe 2020°, ‘Horizon
Furope’ 0.2 Edtr}.49)

dx] A=l Q= ‘Horizon Burope(H|9xF EU-FP)<, 2014
H~20209714] oF 8009 29 A4kl FJHAY Horizon 2020(A8
2} BU FP) & Al5et =2 30|t} Horizon Europe< ER-AAEe]
U #et7])& 7|9 9 o] Bt ARIBAY A3t SX3 A&7k Y
ERE XIS FAH ARIEA sfjd] 7]olE 8 FHOE gith o
8, 20213F€ 20273714 HistiLe] A7+ % HAls f A= Ade
Agstal glom, JEFAl Hole, F9 oUA|, &5 &7, ©4aFH
5l & 9559 {29 AiRZ SHESFT.

me
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(d& 2-9) EU Missions for Horizon Europe

Atz: European Commission, Research and Innovation funding — Horizon Europe,
https://research-and-innovation.ec.europa.eu/index_en.(ZA4: 2023.4.7.)

T2 TR ‘9<I5KExcellent Science), 2% IAIL A HAH
(Global Challenges and Industrial Competitiveness), 414 49
(Innovative Europe)' 2] Al 7}A] 814 o= LHr}. 50 ‘9-afs)
B2 H57]|& 7|9 A8E 5H o2 7|23t Hof A4E FHeR =
s, ‘FEY TAeF 4 B RE2 EUQ 9414 BAAE Hot
ayAo s FeE|shal, ANHA ARIBAY Ao S 71 vk &
StFA| 02 BAIE FHAJstaL, 7 FofF] o|sjEAREY SY=e] AT &
= QARSI sk QUekSD TEE AR A

J-EEA ALE], ARRE IR ofH, AP AN 2 95, 73Skl
A g, AgHio] Q FA| - AARE-5d R &

T2

T

50) European Commission, Research and Innovation funding - Horizon Europe,
https://research-and-innovation.ec.europa.eu/index_en.(ZA: 2023.4.7.)
51) SHEARAT7|ETIER(2019.9.11 . )(HMY: 2023.4.7.)
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H 2-13) Horizon Europe T2 13 7% 2 M2k

SHA 2081 (Pillar 1) aiAl 202 (Pillar 2) aiAl 20t3 (Pillar 3)
Ltk ==Y Nt RF MY 2= AN RE
(Excellent Science) (Excellent Science) (Innovative Europe)

° REAT fH3 o RE o YA
(European Research | ® Z1Z(Health) (European Innovation
Council) Council)

* Marie o T3 oY, ZEX AF o RE 4 MEA
Sklodowska-Curie (Culture, Creativity and (European Innovation
Actions Inclusive Society) Ecosystems)

* AP2IS ot Ot
(Civil Security for Society)
*OAIE, MY H *F
(Digital, Industry and Space) |« 92 &4l 2l 7| HA

- o172 olmay 4
(Research o 7|53} Ol|L4X| 2 RE2E| (Europgan Institute of
Infrastructures) (Climate, Energy and Mobility) |~ Innovation and

Technology)

o A, HIO|RZH|, XX, =Y
2 2t (Food, Bioeconomy,
Natural Resources, Agriculture
and Environment)

* Part : Widening Participation and strengthening the European Research Area
X2 European Commission, Horizon Europe funding programmes and open calls(ZA4:
2023.07.13.)

H Fol wet A9 Ak A ho] 432 (Bottom up) E= SHF
A(Top down)C.& APEH o, ‘Sl A9} 4] B Fa
ZPAEE BAYS 7R S SHHOR B2, o)F A 5P
A Ao s APHL v A 3L & ALske FHI=E, 249vitt Work
Programme(WP)& 718sl1L #opd 31 fd AAE dEH o= F4
ofH, IAEZE 2|0 A4 2291 E31&(Funding & Tenders Portal)

of EAIstaL ATt
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Horizon Europe? ZRAE(EL 7HA))Q] o] AHL H<L3t ‘EU

Funding & Tender Opportunities’«] EZHES o] 83l FAlo] W= A

e
—rE1 9]'5-51 ”EH]EJ ﬁJJrE gl 7kssitt. ”EH]EJ A% A
B 20219~202797k4] 9% (Forthcoming) 2967}, A& 2 1837,
47 1,561702, ¥ 2,040709] Z2AE7} sgEct ESH Horizon
Europe 729 ZRAESL 559 A7 9 7| /= A& e
EV4 #44S Aesta slon, /i A+d Ee 2232 sl o
Gt ZEHEC LT 4 Sl

A3 22IEE 72 AU Y A, B2 Tt

2 A95e tow sigroLt, Mol 71484 A4Y Faolehs
23 of) theket 1ot 717, 719t AR 1 oS SRS 9

ot AAR, AAA BE °1¥ T 7S AR B AFEHO
Horizon Europe®] A wF(Phillarl)?} 35 Zatof &+

ok IA| FolE Rt 74/\/\104«] 718A9] 1AL EU 3|Y= &4 A+
7183} EU 3)e=/E239s 4% A771# 9 FE=, 1 9 57k= A3=
TEHE o o glon ?}‘-—I‘Lt of7]o] &3trt.52)

2IRICE AYAE AEsts WA E IAE A9 = 9l o|F
EU9] 74 A7-A7H715) FeF-3oi718 2t FoF-1HA 43-51t
B7H-HSH7-AAETIA AE £22 2PEH 18 dTAE ARt
A3=r A AL B, A FE At EE9 9
t}. 13y Horizon Burope Horizon 2020(PF 8) Ett =A@ 4
g Axstar 9o, Bgd=(H3=)0] ZETH| T 5= U=
ARAZ sty sAIgYe] 7Rse A, A3 A7HE Sl Al9) EU

2]

d
=)
r
0,
iniz}
fo
ol
ol

52) Z5t EULEE(2021.8.17.), Horizon Europe-Associated Countries(ZA1: 2023.11.02)
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I‘Z:

7153 vk, ThiRk B Ak WOl oM EE oS SI3 74
A, 34 18 THEY A4 AZ 5 ol5o] HelE s s okl

= Fok

A LAEE B4 Folnt. o]t k¥ 52 EU 7Hd=°] obd =71e} 71

o A A7t e BE o deH, FVIHoRE =k HAE
gjAd Aoz ddE.

(J& 2-10) Horizon & HEY3F X

Xt&: European Comission(ZAMY: 2023.7.9.)

S-guEh=z EU9E 20079 "9 Bel7]e B4, 2ol 359 o9 ¥
SAEE o R AF-FAlo gigt S SRlskAt iaﬁm Art.
5G, AFERIEY, AtolHERE, 7| &1}el, A
ot JIFA s 59 F9olA FEsl fomn, o= XP%%‘—B“ AMEM
s L=, 4 OLEHL 59 M2 Eoks F7leleith. feuehe A3+
9] AAACZ, ‘Horizon 2020(2014~2020) °ll= 1287 =44 73]
19770 Ao Zredgie™, ‘Horizon Europe(2021~2027) o+ 1474 7]
ol 1771 Aol refstar tt.53)
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ol o, FUoAN= I HHBFAITL} AAS A EFNA
Horizon Europe A2} A YAMYS
AR 22 o7} P Hoig FHla 3

AR, FRATAH-EY FEATALAR], T-EU FHAEAR)
7 AREIDEAAUE-BU BEATALADE B AFSL

AIEAAARE B 7140 ERS B 4527198 e
2 37 At 9lor] 59 7] RIS B9 S5t vl B4
WA R, KD @ 71e Aol A A, Agelst
A FEAT, FA ANREE BAYSHE Frol W LUk HiEe 7]
2 AY, HolomlA 78 tiad AE S ENDL 7% 5o =
21%0] Fofst uf 9ick.

(3) InvestEU2} CEF(Connecting Europe Facility) ZZ 12

EUY d+tet 7[e/id 2|99 B2 FE-Z FP(Horizon Europe)
EI1§o] ZpX|stL glon, o] Lo TSt 7| 9 AW ZETHo| &
Akt 2% ‘InvestBU'QF ‘CEF & QlZete} 7j& 52 F4o=Z, B
Aoy 7158t HE A m2AEo . A FAlskL

K

TnvestEU' = A|Y 73 § FH A=y F4 Ko sfgstes 2=
oz, §R9 AT 2] F22 A5) 4F Juf Ao de £
£ Aok ol 548 a1 Qlr} 2015~20209 712 B¢ 53 /=
oS TUT fE FARDE 7O R, EU A ollA 2021 9FF 2027
W7HA) 3,720 §2 olgO] B4 fAE BEE ST Yt Y 2o
53) European Commission(2023.5.22.), Horizon Europe: The EU and the Republic of Korea

launch formal negotiations on association to the programme(ZAt: 2023.8.10.)

54) Korea—EU Research Center, Horizon Europe : The EU Research & Innovation Programme
2021-2027(ZA4: 2023.08.10)
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B A&7NsT Qxel, AT, 41 U TEs}, B9, ARlE 21t
711 1) B Plwindow FAo= TS, A4 71
o 30%% 71% SE] B§F Aol

‘CEF & 599 ‘1¥ "Y(Buropean Green Deal)' 55 A& o|3jsl=
A4 A o=, 20309-20509 EU B5tASH ERE o] 9lo] &
Q3% 982 sl ok AAZ CEF T2 13 89 Y 253 oYX,
YA AH|A NS %’S—i 71749l AdAdo] et FiEg AT

% Qe T medes AYstn ot old U E8) 91 Ad
7 A

2) IMO eb71E & HA

FAHAZIFHIMO) = st =Tt 245 71624 AR Aol oJgh
Fed WA, =4 st HAE HERA S A A" 4
Z5tal A ¥stal QUek IMOO] ofet S AIEY Y] ARkl |82 ‘THEL]
A 9 ZZAE BADPP; Department of Partnerships and
Projects) 7} thoFst Q& grEH(IMO 31¥=, UN 713, 58713, NGO,
IGO, ¥17t )29 7|3l5 /et A ¥oke= 5, FY-AYd Avts 32

Sk gl

55) FSIREAHES(2020.7.5.(AMY: 2023.04.19.)
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IMO9| 7|&A| ¢S ftt A2 V1&g 7Ia o ot 713 71§
£ 53 AH(Multi-Donor Trust Funds), £% T2 7130 tfst A% &
A= Ao FAE. ofgA Bokd AgE HiF R kAfs 29t 7
U/id=ol gk 7lext A& A Ysh= ghd, oF 7|3 ofdet IMO
o] 7edd & oSt 7l @99 J4S TRkl Qlth

=1 O, o

o <
W <kodo

&
N

Rl o

oo 2 Ho ot

‘GreenVoyage2050’, IMO-GHG
L2703 ‘GHG SMART', 32 stiuf&F
2 HjZE 93t IMO CARES', o4A]
S AYS Agt ‘GMN-The Global MTCC Network’, 183 7=t
< o= getast XS Il A4S FHotal FAlsE ARUEY
HEYAS} Y 7188 F5317] 98t NextGEN' 5-& Hd¥stal Qlct.

N,
>
>,

o

H2-14) IMO DDP ZZHE =5

1. GreenVoyage2025 7. GloLitter Partnerships
2. GHG SMART 8. GloNoise Partnership
3. IMO CARES 9. SENSREC Phase I

4. GMN-The Global MTCC Network
5. GloFouling Partnerships
6. TEST Biofouling

10. NestGEN
11. FINSMART
12. Innovation Forum

XtZ: IMO, Partnerships and Projects(ZM: 2023.7.13.) &1 XXt 24
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3. ofi2-&fTt AoVl M Al

1) PORTable Innovation Open Network for Efficiency and

Emissions Reduction Solutions

‘PORTable Innovation Open Network for Efficiency and
Emissions Reduction Solutions; PIONEERS)-2 A|82} FP ‘Horizon
2020° =2 739] ‘A}3]A IA|(Societal Challenges) EoF, ARIE- 18
4 E3 wE STAES dtow SRSt oF 3,3005 FE2(EU A€
2,500% &) =, 202149 10€7H 20269 99714 59 &2t 1P
gy ZgAE: HEQZ(Antwerp) FUHE FHoE HIEZARL
(Barcelona), &A% K Constanta), H=(Venlo) ko] Frofstal 9lom,
Z 46719 HEYR 99 HAAAAe 2P ol =L Qlrh50)

(a3 2-11) PIONEERS 744

Ktz European Commission, PORTable Innovation Open Network for Efficiency and Emissions
Reduction Solutions, https://cordis.europa.eu/project/id/101037564/results(ZAIL: 2023.7.10.)

56) European Commission, PORTable Innovation Open Network for Efficiency and Emissions
Reduction Solutions(ZA4e: 2023.7.10.)
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sHAl 2O}

=0 =

(Pillar)

HEHX

o=
MA S S

2. A& 7psst
35t Cixfol

4. OAIE det

Atz European Commission, PORTable Innovation Open Network for Efficiency and Emissions
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=
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i)
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el
i
ol
0%

(& 2-15) PIONEER

e

A 202 ME 7=
ME 7= ot (Action)

* Energy generation from water currents
* On-shore wind production
* Hydrogen refuelling infrastructure

* A corridor of modular docking stations for energy containers

* Battery storage & smart management of green energy in terminal operations

* Multi-fuel port

* OPS for ferries

* Tugboats on H* and methanol

* Hydrogen heating for buildings

* Local resource recovery for green, circular concrete
* Power-to-methanol

* Steam and waste heat

* NextGen District

¢ Zero pellet loss & plastic catcher

* Electric green last-mile

* Green straddle carriers

* Antwerp@C partnership for CO2 capturing & utilisation

* IT platforms for planning multimodal transport

* Realizing a modal shift in the commute of port employees
* Cargo flow optimization

* Multimodal access to port using of a MaaS platform

* Cargo flow prediction

* Automated container shuttle solutions for port operations
* Automated vessels

* Vessel traffic optimization

* Maritime 5G for intelligent vessel location

* Container transport forecast

* Digital Twin

Reduction Solutions, https://cordis.europa.eu/project/id/101037564/results(AA Y

2023.7.10.)
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2) Green C Port(Green and Connected Port)

‘Green C port'= FU9| ‘CEF Z213'0o] x|Y¥sl1 Q= Z2AEZ
T 2ol Ao vz IF A7, IR H ARte] e RYE,
TEN-T(Trans-European Transport Network) 4] HEQT W gqt
+J95Y A= At vAE E7s Al 5= FALE, 20199
497E 20239 397HA] JESIeH, 4719 fE=7E 12719 SHEL
7F ittt

(H 2-16) Green C Port ZZHMEQ| JH|M SH

1.4 = M MM HES f301=

2. 71 T e HAIZEHOIE] =4 715 EH(T SHE )
3. A0 DRl= S g4

4. 2t 5l M BiEY 2UEE
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QHRZ2| HMek(transition to a circular economy)
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o F

MEHH| 23S (protection and restoration of biodiversity and ecosystem)
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H 3-7) ¥= WSE(DM2| ohY EtAZSE 7|2 K 2F
Category 1: 0|.4X| &2 7§M (Technologies that increase energy efficiency)

Category 2: (HX| &2 78S st 2 - s H5} (Operational or behavioural change
that can increase energy efficiency)

Category 3: Hi7|7tAQ] E| XM2| (Technologies specific to the capture/treatment of
exhaust emissions )

Category 4: THA| Of|4X| H&t (Alternative fuels and energy sources, and related
machinery)
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(33 3-2) F= uSR DM Y HLZH 712 |

ol

i BASE el Mg 6d 24

03

og!
A

M

| Propulsion devices, including modifications

to the propeller and adjacent area(ducts,
fins etc)

Category 1
Technologies
that increase

Ship design (changes in the shape of the
hull, addition of bulbous bows etc.)

energy || Main machinery&engine modifications
efficiency (design improvements to the diesel engine,
energy recovery from waste heat etc.)
Auxiliary (energy management and
| recovery systems, design improvements
and control systems for machinery such as
pumps etc.
Category 2 — Speed/Voyage optimisation related
Operational or " ; ;
behavioural | | | Condition related (trim, hull coating

change that can
increase energy

selection and maintenance etc.)

Port related (just in the time

ffici I
etticiency arrival/turnaround at berth)
Categories NOx emissions control: Selective catalytic
of ] [ | reduction (SCR) and Exhaust gas
abatement recirculation (EGR), exhuast gas
options technology, water in fuel (emulsion fuels)
SOx emission control: Exhaust gas cleaning
|| systems
Category 3

Technologies
specific to the
capture
/treatment of
exhaust
emissions

Particulate matter (PM) (including black
carbon (BC)) control: diesel particulate
filters for reducing PM and BC, diesel
oxidation catalyst for reducing SOx, PM and
BC, electrostatic precipitator

Methane catalysts for removal of methane
(CH4) in exhaust
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L On board carbon capture, for storage and
sequestration (CCS)

Natural gas in the form of liquefied natural
[ ] gas (LNG) or compressed natural gas (CNG)

# Hydrogen (sometimes stored as ammonia)

ﬂ Electro-fuels (or power-to—gas/liquids)

Category 4 ‘

Alternative fuels # Batteries ‘
— and energy T

sources, and ﬂ Biofuels ‘

related

machinery || Wind propulsion

ﬂ Solar energy ‘
# Wind propulsion ‘

A= KL A

F3h A7) sHETEEE B2E 7|ed 9ors = sl 1E 1, 2, 39
ol s thao] o7l FEER Brista, 11 A3E A ]6}57_ o},

(B3-8) 712 R¥Y Wis=
7 W g2

* GHG abatement (Low/Medium/High)
Impacts/Benefits | Local air pollutant abatement (Low/Medium/High)
* At sea air pollutant abatement (Low/Medium/High)
°*TRL(4-9)
* Expected commercialisation date (currently available; up
to 10 years)
* Future cost reduction potential (Low/Medium/High)

Commercialisation

iz M
oA B8 M 714 9B VI BB, Zd 5o 4
SEALH AIRIS) R/ 4RE Al woR, 724 At A

Afe 4Q) Au)
= A2t dii2el 7led w4 71 Al AEete] A8 o Aot of



oY EASY weliE =HR o 24 03

A8 4 o] 0F Eb LRFF) WAL WA 2oz, 59
Hie] 94 $ES (G71H0R) AATFORA 29 4 oA 38 A4
2 U WkAY EX, A 71& FFS wY] HEEAC A
48 9t 7167 detoz, A WRAE YA 5 74 £

A UK AL A 71 RFL J1E ARS WG 5 Ak A
37 A cort Al A 9 oluiA, Jel o] 8 =Y-BEI] 9
7143 ore mYA) 53], o HuAL ot A AR-oux] 2

28 e F8 AHBAE 245t AlASaL o

(13 3-3) RYE FHEn
F1: A HX| 28 JHd

68) UK GOV(2019.7.), Reducing the Maritime Sector’S Contribution To Climate Change and Air
Pollution(ZA4l: 2023.6.3.), p.9.

99



30 H7|7tA L] R X2

x|

o
T

100



oY EASY weliE =HR o 24 03

Atz Reducing the Maritime Sector’S Contribution To Climate Change and Air Pollution. July 2019, pp. 9~12.

@) MR-7tA 7|EH3} O|LMEIE(0GCN)Y dh2 HiIENA7IE /Y &

A 498 ATAL A7 71535} oA BOGC) & o)
3o] Fekh AL S5 RAD 714 99 9 F2o) dhet ERAS

69) Horton, Gareth, et al.(2022.1.31.)(ZA12: 2023.8.31.)
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H 3-9) MR-7tA 7|53} O|LIME|E(0GCN] o2 HIEXZ7IE R 25
Ol2 04X H=Z (Future energy carriers)
A M7 ZX| (Vessel design measures)
T HXRX|0| QI8 &=X| (Power assistance measures)
CHA| =X ZX| (Alternative propulsion measures
QIR 2 52| 7|% (Engine and aftertreatment technologies)

EtA HE 7| (Carbon capture)

23t z|X5} (Voyage optimization)

Xt&: Horton, Gareth, et al.(2022.1.31.)(AAMY: 2023.8.31.)

wle oA AR FE 7120 BHARS AT 4 Y A7 %
ofuix9] thefst tiekos, Theat o] o] 50 £ goR QIR LA}
& ke A7 A, W8, TRk A AR LAVLA RS 52 Bt
She T, ol ThelAl Algko] (TR A4t 2 WA

N

AA] TSt ek (1Y 3-3 F2)

et A 23 SRS o] el B s Sla) Al Al
M7 8 Az WA B V1 A4S AEE] 9% AZRetrofits) T
oA 8T % k. BIAE 71$H 0% HESALKIRL 9) B A4

A8 ojn] Ye] TAH 71&S 4Eslo] AXs}iL7) o] Se) WEH7
4% u P ug 59 (E 3-1007 Zo] Bkl AAlssch

70) Horton, Gareth, et al.(2022.1.31.)(ZHAMY
71) Horton, Gareth, et al.(2022.1.31.)(ZAY

023.8.31.)
023.8.31.)

12
12
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L T

(3 3-4) R81: 0|12 f|{X| H=Z (Future energy carriers)

XtZ: Horton, Gareth, et al.(2022.1.31.)(dA4<: 2023.8.31.), p. 31.

(H 3-10) R&2: Mut dH ZX| (Vessel design measures)
: GHG Cost of
Vessel Design Brief description reduction measure(USD
Measure .
potential(%) = $) per vessel
. o Large ships tend to be more
O_ptlmun ship size fuel efficient as they have ~9%
dimensions

: Included in
lower total hull resistance. total new-build
i i cost
Construction weight ng.h’.[er ships are more fuel ~9%
efficient.

TRL
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Vessel Design
Measure

Hull dimensions
(from optimisation)

Bulbous bow retrofit

Bow thruster tunnel
optimisation

Hull coatings

Interceptors

Ducktail waterline
extension

Air lubrication

104

Brief description

The shape and dimension of
hulls impact ship resistance.
Computational fluid dynamics
modelling is used.

Initial ship design is
sometimes optimised for an
operating profile different to
the operating profile of the
vessel at sea. Retrofitting a
new bulbous bow may enable
fuel savings to be achieved
with bespoke bow designs.

Bow thrusters are propulsion
devices in the bow or stem of
a ship to make manoeuvring
easier without using the main
propulsion mechanism.
Improving their design can
reduce drag.

Coatings prevent/reduce the
build-up of waste deposits
and counteract organic
growth, reducing surface
friction.

Trim tabs used to potimise
trim are horizontally installed
at the end of the vessel. The
interceptor reduces
resistance and controls the
trim by changing the
interceptor height.

Lengthening the stem of ship
reduces the resistance of the
ship.

The pumping of compressed
air into a recess in the bottom
of the ship’s hull. The
entrained air reduces
frictional resistance between
the hull and the water,
reducing propulsion power
demand.

GHG
reduction

potential(%)

4-8%

3%-5%

0.5%-1%

0.5%-5%

1-5%

3-7%

7%

Cost of
measure(USD | TRL
$) per vessel

$150,000 to
$500,000

$100,000 with
additional
material cost of
$250,000 to 9
$700,000
depending on

size
~$10,000 9
$30,000 to 9
$500,000
- 9/8
- 9
e | e



oY EHASE WsV|E =AY o 24 03
Vessel Design . . GHG Cost of
M Brief description reduction measure(USD | TRL
easure 7
potential(%) = $) per vessel

By effectively loading cargo,

vessel trim and/or draft can

be optimised to reduce hull
Ballast reduction resistance. In order to
and trim effectively optimise the trim | 0.5-3% 35}3508830 9
optimisation and draft, additional ’

equipment is necessary such
as a better loading computer
of a dedicated trim optimiser.

An extension to ballast
reduction is the ballast free
ship concept. Ballast free
designs are based on

Ballet free vessel multi-hull concepts and make Included in
desi use of low-weight materials ~9% total new-build | 5/6/7
esign !
such as composite cost

thermoplastics and
aluminium. Through the
reduced weight this leads to
emissions savings.

Xt2: Horton, Gareth, et al.(2022.1.31.)(ZAM4Y: 2023.8.31.), p. 49.

Adre] X3 AHRE 712 ¥ EXR 7|&(Wind-assistance
technologies) 5 A 58 ¥& &8sl FAN 59| +85 A4s
= FA B2 ot 229 §9, 1Eal 1Y gX] ey fF
9] 712 ZZ WAlS LAP(Large Area propeller), CRP (Contra-
rotating propeller) ¥ POD 57 W40 2 thAsl= A 1 24
9 A2 FEst Qo7

>

FAe] Aol 0, A Aol TRAE I e
77ks] et Hel 714 5& Bt AA 2 $He /1%, Jelw o)
29 olgtac] £, 94 2 AT AY B AR 5o P
A 2P BPS TP Ve fP08 TRT Uk

ﬂH>

72) Horton, Gareth, et al.(2022.1.31.)(ZAY: 2023.8.31.)
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nREte s, 29 3 29 HHeE S8 JvA 2& JiA, = wiEe]
A ERske R ALk e 79 94, 8oz et viE Ad
A, HlE 9 7l AS=(TRDE 371619 offiet o] AAIstaL .

(H 3-11) Y7

Propulsion design/

technology

Speed reduction
(10%)
Speed reduction
(20%)

Speed reduction
(30%)

Advanced port
logistics

Optimisation of
vessel capacity
utilisation

Advanced autopilots

Weather routing

106

Brief description

Speed reduction or ‘slow
steaming’ is an operational
practice that reduces fuel
consumption (and hence
costs and emissions).

Through flexible planning,
improved collaboration,
real-time data exchange and
digitalised cargo flows, a
smoother ship—port interface
can result in a significant
reduction in the time ships
spend waiting.

This measure is based on the
ability to counterbalance
supply and demand.
Optimising capacity
utilisation reduces the cost
per transported unit and save
emissions per tonne—-mile.

Minimises movements from
the rudder, which otherwise
creates additional drag to the
hull and consequently
increases ship resistance.

Weather routing and voyage
planning minimise exposure
to unsheltered water.

GHG
reduction
potential(%)

10-15%
18-28%

24-38%

Upto 1%

0-30%

0.25-1.5%

0-5%

3t (Voyage optimization)

Cost of
measure($) for
one vessel

No investment
costs, but may
impact the
total revenue
due to longer
sailing time.

No cost of
implementatio
n assuming
that autopilot is
already
installed.

$25,000

TRL

8/9

8/9



Propulsion design/
technology

Autonomous
shipping

Power demand
management e.g.
lighting

Engine efficiency
measurements

Hull cleaning

Propeller cleaning
polishing

ol

GHG
Brief description

Rapidly advancing
technology is making
crewless operations
increasingly possible.

Up to 6%

Each piece of equipment and
machinery on board
consumes energy and can
individually be assessed to
optimise the energy
efficiency and possibly be
replaced with higher
efficiency models.

0.25-5%

Main engine efficiency
measurement enables
improved power
management of the
engine(s).

Up to 5%

Thorough cleaning of the
vessel’s hull on a regular
basis can improve the
surface finish, reducing
resistance and improving
fuel efficiency.

1-5%

Cleaning and polishing the
propeller regularly can
improve the surface finish
and, hence, the propeller
efficiency.

3-4%

i BASE ellEs ZMEH o

reduction
potential(%)

Cost of
measure($) for
one vessel
Due to low TRL,
reliable data on
capital costs
per vessel are
lacking

$100,000*
compared to
traditional
lighting
installations

$20,000
to $75,000

$5,000
to $50,000

$4,000
to $8,000

¢ 2M 03

TRL

5/6/7

*Refers to the additional cost of $100,000 (USD) compared to traditional lighting installations on
normal ships and $200,000 to $1,000,000 (USD) on passenger and cruise ships. Sources;

(Ciuffo, Giovine, Marra, & Miola, 2010) (International Maritime Organization, 2009)

(GloMEEP IMO, 2015) (Seatrade-Maritime, 2018) (MDPI, 2018) (Smith, et al., 2019).

Xt&: Horton, Gareth, et al.(2022.1.31.)(AAMY: 2023.8.31.), p. b4.
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e SASE nEIE AR o 24 03

(J8 3-5) ol #& UV |s EFAA &S #let Lo|o1 13 714

Energy Production (Solar power,

Energy Wind power)
Conversion Energy Consumption
(Power/Battery, H2, NH3,
Methanol, Bio—fuel)
Technical Solution (Resistance,
Propulsion, Energy efficiency)
Maritime E]E‘incei(;gr]]%
Y Operational Plan (Speed, Route)
OCCs
Pre/Post (Post, Pre combustion)
Processing Methane Gas
(Catalyst, Reliquifaction, Plasma
reduction)
X2 KX R

oA g FF(ARET2 © olUA A} @ £8]9] F 7HA] SHY
HFAEEFT F2Z ok AL, ofuA A FE2 AdellA
28 7Fs oAl olvAY, & O B, @ T8 7 VleRd@s
ToE EFoLL, 2t FBE AR 71edES Aol oluA| &ul

FE2 O HEY, @ 4, @ dREYoL @ HEE, © vole A= 53
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et R, A% A2 FY(HERR Aol dske izl 24

7k29l @ olAlBlekASH @ EtAg AHAOR AAN SAet 71463
(FER)OR FESGT. oskks e 71&' 489 49, O A A=

=
O] AR oA @ o] % AP E 3l olite} Bt HiEFE Atk 7]
ST EER)O = 279 AR 71edEe AEleha, ek A
g 71E 3G EDY HF= © S971&(methane catalysis), @ A3}t
7|%(reliquification), @ Zet2u} 74 7]&(plasma reduction) 59] 7]

SFIEED Aot AR 7Iedme F8 FIEE Bl

%
oft

ol
i
N

H 3-12) di2®E HASE 15| RYRREFAA) SAl

Of| LA X[ Xt oL X| &2 7HM M- Xe|
SER AER MRz  EFER ARFR MRIIE | FER ARR N&R7&
OlUX] BN ENYE HE7| 718 MY 3718  OM3EA HA MY S0
At (Solar thermal |2t &4 |(Air (0Cccs)  |(Post-  |(Solvents)
(CHA collector) (Muf lubrication) combustion)
(C)JJI:III Efopat mhay 2H) X MO gE =0l
) (Solar panel) 5}% (Stern (Membranes)
4 ducts)
28 =gy gloj2 01 1A E2A|
(Wind turbine) 20|y HE (Solid
(Wake sorbents)
equalizing
ducts)
G[EPNEFSEVIRE =1 AU M EE =picl
AH| uej2| (Battery) (Pre-swirl (Cryogenic)
(CHA ducts)
puk=d) FHIHA|E{/2EIN AU H b e S P 1o
(Capacitor) AHO0E (Pre- ZZ ALY
(Pre=swirl combustion) | (Pre-combus
stators) tion carbon
capture
system)
=4 Gz HX| 280 AtA HE HA
(Fuel cell) RS (Oxyfuel
(PEMFC/HT- (Vortex combustion)
PEMFC/SOFC/ generator
MCFC/AFC) fins)
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Of| LA X[ Xt UIEPNE== H-Z X
FEF ARR MERIIE SER AR HNRIIE | BER AEF NE7|&
LHS 712 o2y (0E7tA 7] kA L T eSS
(Internal sAAHM HE =W (Methane
combustion (Propeller (Methane |oxidation
engine) boss cap catalysts |catalyst)
fins) in
exhaust)
AL Az MX| =Y EH 27| Al ofl)
Ot [(Fuel cell) ZH Rt st ooz
(SOFC/AMFC) (Flettner (Reliquifac |(PureCool)
rotor) tion in
venting)
LHR 7|2 A2l A Et=0}
(Internal (Towing PAP
combustion kite) (Plasma
engine) reduction)
oS | Az MK MY
(Fuel cell) (Wing sail)
(HT-PEMFC/
SOFC/MCFC/
DMMFC)
LHSA 7|2t ATDE =
(Internal (Soft sail)
combustion
engine)
HHO|R |H=[X| O] 24 CA|
2= (Fuel cell) 58 2 AAY
(SOFC/MCFC) & |(Onboard
DC grid
system)
LHSA 7|t Y MY x5S
(Internal et &E (Optimisation
combustion (Mgt | ZIH3H technology)
engine) 2%) (Al/Big
data)
e e
ef (Optimisation
technology)
(Al
Big data)

A= KL A
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Energy Production
(Solar power, Wind power)

Energy Energy Consumption (Power/Battery,
Conversion Hydrogen)

Energy Linkage (Energy grid)

Technical Solution (Crane, Vehicle/Trailer)

Energy
Port Efficiency Operational Plan
(Cargo Flow)
Pre/Post CCS
Processing (Capture, Storage, Utiliz.)

A= KL A
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solar
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HEE H 5to|=2 orgl Az
A=t E 32l (Amine
(Concentr (Hybrid scrubbing)
ating cranes)
solar
power
(CSP))
Bt & AT =k LIECE
(Solar 4y (Memberanes
thermal) EE Nl separation)
(Telescopic
jib
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=X Ef =N X2 22
A 0|5 St (Cryogenic
(Passive (Crane distillation)
solar electrific
gain) ation)
24 B AH/EY XS Ed 2 371
g L™ U 58 | Y oz
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(DAC))
24 S EE Eygy Ny adE MR
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1= oy
(Flow (Production
batteries) of synthetic
fuels)
44 PEMFC EEGPOY
SOFC (Production
of plastics)
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= o2

208



4
Ju

Hurtigruten A& 072 7Iote= 3 Ao 233 Net-zeros
2A5H] At Wit E BiF HAS AA|E 13518 Zolo] [l
Sea Zerog AZXT AYAZ Y3tH80 NYK Line GA] Ecoship 2050
ZEAES S5k Q. S AR 9, OOOmZE 28310 =g Hid
g EHAS Fdislela, Bg Hd2 &9l T oA =89 12%=

T

o

=

o
il

l

|

BE 73-1) NYK Line Ecoship 2050 714

At=: Maritime Administration, Energy Efficiency and Decarbonization Technical Guide. 2022.

Addre]] Bg Alade A8 Al Bigg md AAE A5 Addre] 24
29| g2 F-28 Toliche 22 A&ZolA] gt k3t FAQl Ve =
orMe 2] Autol Big=g A" 2E Al 2% wRte] ofjuz] 24 —%
71 4= 71 2ol Aol wE E%*EM] sl At 1e7F 9est
o sHAlRE Aoz B5Fo] A2 43 44 4F HETE &8
3t9] 100% &= AT == 3o, o] IgolA] AdHe] g8 B 23 Alut
Zlee BT A8 AFE 245k 78 2% 2Rle= A8 o Ut

80) Global energy(2023)(AAMY: 2023.7.27.)
81) Maritime Administration(2022.10.)

209



Analytics Market Research(2022)2] 4 Ao w2, AA |F
EloFg g A2 2022 109 2,000%F USDOlA 20304 249 8,000
Tt USDZ, ¥t 10.5%% 44T 2= o/ drt.82) A 7149
Aleko & gfg Wo] A Aute] o] =8 HAE FFok= A2
ojE}- g}, ol Zo] AY ¢ oA 8+ Aldo] At ow W2 A
=] B AAE Sl FAHE oA E E8stAY, F2 oUxE &
8 A A T AHYORE AASIA 712 28

“
A&AH o7 AL Qlct.8Y

Lt S

o ofuAs 7hg mheA] ke A ouA] 714 Rok & s,
4ol 7% W] Yol 2 WMo AR ofiix WL ol
9 7kAS B Sl wHoR AAElE W] Ak g TSy

84)

N

]

_]
A
A

S
(1B ol

T

3719] 92 el <) WS F719] B Bl g
AR AFH g FRT AAAU0E, FAS B FL

b [e)
W S]E A 119 Al FEAt. @A 7leo] 2
A

1o

o

L

ol

ol

9

T
Ty e
P o 1E

QL
rir
2
ok
8
o
rir
"
oo
i
(¢]
b
=

82) Analytics Market Research(2022.9.1. (A1 2023.7.29.)
83) National Renewable Energy Laboratory(2021.9.)(ZAY: 2023.7.30.)
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XtZ: RE, Marine Renewable Energy Aquarius(2020), p. 28.
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Statens Vegvessen(ZAY: 2023.8.27.)
Flagships(A2: 2023.8.27.)

HySea$S III(ZMY: 2023.8.27.)
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X2 DNV(2023), Maritime Forecast to 2025(Z4Y: 2023.10.29.), p. 54.
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93) Omid et al.(2023), p
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95) WinGD(2023.7.18.)(z4MY: 2023.8.3.)
96) Wirtsild(2020.6.30.)(ZA1: 2023.7.3.)
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97) ATIY 2/(2015), p. 1
98) Aegir(ZAie: 2023.8.3.)
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Xt=: Gl, D. N. V., SAFER, S., & DNV, G.(2019), p. 65.
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X2 International Renewable Energy Agency(2013.1)(ZAMY: 2023.8.3.), p. 1.
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100) Carbon Recycling International(ZA12!: 2023.8.3.)
101) Riviera(2023.4.29.)(ZA4: 2023.8.3.)
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Silverstream technologies(2015.10.14.)(ZA4: 2023.9.23.)

S2Y0|3=91(2020.7.30.)(ZHAY: 2023.9.23.)

106) KBSEA(2019.4.14.)(AMY: 2023.9.23.)

107) t74](2019.11.19.)(AAMY: 2023.9.23.)
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110) Nicorelli, G., Villa, D., & Gaggero, S.(2023)
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Aul 9E-1 7|&2 50| disatEglen, A4 AeolyAd, 24
3 FEA S TRt ARl H8EA o4& AAF Mitsui 0.S.K.
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Marinelink(2021.12.24.)(Z4A4e: 2023.9.23.)
Wiartsila(2017.11.7 )(AAMY: 2023.9.23.)

Man Energy Solutions(2022)(Z4AY: 2023.9.25.)
Kawasaki(2022)
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t2: (Z)Marinelink(2021.12.24.) (£)Maritime Administration(2022.10.), (2)Sanoyas

EHE AuF 22 28 P 7IeR, FY B 2 A7t o o=
T2 0] &35t A AAH(WAPS; Wind-assisted propulsion system)
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rotors, Ventilated foils, 9(Kite)E &-8ak= W4 5, thgst 7|& 7H%§
o] A7 Fofl At A o7t A Al AIAFS HHE A5
Alo] & ApE3} AIA”S E-gsto] STt Q1 glo] QP WAoo ® 751”:6—
St AAES. AA Al g 571 98, A3, HaE 2dy 9 A
Nu2sE SHHCE 1Estal AEs] xgsto], AT AUz I3t A
A7l F3f| AJ2eoz Aslska gl DNV(2019)9] At
PRl gt RAFETo| MEW, 8 HE 3 AR AAF AEo

O

Mo

115) DNV(2019), Wind assisted propulsion systems(ZA4: 2023.9.23.)
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T2 da 27 a3k olu] 45~9% FJ=& HUEI glon, F713Q
M2 &3 o 25%9] 2 §J4~ 24T+ e AA=Hol e A
2 griEa Qlehl1e) B3t Sdut BEE ofyx] Hl-go] Ay og

= o, A& d4 a3} ofo|e FA vgH 29 vlE= A
a2ste] AErel 23 B2 B4 wA A8 & Uth117)

Jzi lo ro

ol

]

(85 12-13) 3% EZ FLFX| 6jA|

K= DNV(2019.6.), Assessment of Selected Alternative Fuels and Technologies in Shipping(&
Al 2023.9.23.)

—_

o|9} I A], Norsepower Oy Ltd.= 20194, Rotor Sail 7]&< ©
&2 ¥ Ex 3 Al2HS AlA 222 DNV-GLERH 34 5Ude
WO u} Qlt} 30X5m Rotor SailZ AAH o] 7|&2 591 Sota, &
L 3o Maersk Pelican LR2 F-ZAlo]| HA= ]Itk Norsepower Oy
Ltd.9] Rotor Sail £F42 AA7IA] 33 9] AHo] AX]=|o] F 35,000
AIZE o] Y] & AIZEE 243 o] oA 4,500 °139] CO, Hi
& A &yt 3, o 20%7HA] oA &&o] /Rt

116) DNV(2019), Wind assisted propulsion systems(ZA: 2023.9.23.)

117) NV(201 9.6.), Assessment of Selected Alternative Fuels and Technologies in Shipping
(@M 2023.9.23.)
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(B2 73-14) Maersk Pelican0il EXH=l 30m x 5m Norsepower Rotor Sail

ﬂlb

!
rx

Xt&: MarineLink(2019.5.5.)(AA: 2023.9..12.)

Wallenius Wilhelmsen¥} 11709] 713 9 YA SFEHE2 Horizon
Burope Z271340] XYoo g AA %29 F8 Ro-Ro A8t AXAIFS

Skt & 9007t olg-_—of] 71908 EEE o] AIdE B, FF5
H(2023~20279) &<t 3 F2 A8 ‘Orcelle Wind' 9] A&, A% 4
29 5, ATHE *%@f AZloltt. Orcelle Winds 80 =2 —TL%—Hh
0] 220m2] Pure Car Truck CarrierZ, o|£4°22 Hj&Eo| JFS
OX= BE 8Rlo] 2AEE= B AW 90%7HA] HiE A BIE 7

>l

;

(¢}

=

118) Wallenius Wilhelmsen(2023.1.15.)(ZA: 2023.9..12.)
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(EZ2 7J21-15) Orcelle Wind Z2ME Q| Pure Car Truck Carrier 714

Xt2: Wallenius Wilhelmsen(2023.1.15.)(ZAAY: 2023.9..12.)

AAEZAEESI(IWSA)= 20229 D714 58 HE
2539 tig A& Adto] AAE 2 0= et §l
% 1209t DWT(Ro-Pax/Ro-Ro AH8 GT)oll 51709] Rigs, 2023 4
EI7MA= F 4929 A4}, oF 3308 DWTO] 105719 RigsE E3Hoh=
WAPS7} A2E Aoz HAgstal 9Jrt.119)

|o
2
o
2 o
=
ac
2,

119) Orestis Schinas(2020.02.)
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Xt2: Orestis Schinas(2020.02.)

Delft & Fraunhofer(2016)= Y3 A3} A7} WAPSS] X ZA] A
ol 2 0= difsta, HA AR9| 714, Adl £k 59 thefet 89l
< 1&5te] 20304¥7H4] 3,700~10,700 AES] WAPS7} AX]-8-82 A
O = Zgolqitt.120) 22 wWeolA], = wEH9] H1A(2019)= A
Q1 WAPS A% 27} 202012} 3009+ GBP +EoflA 2050 ol
o|2# A& 1,900~2,100%F GBP HE7HA] sHfjE Aoz d=slal Q)
o} 121)

(2) 2N wot
7). Mt A5 53

A S FHAoks A 28 9 w2 Hasks] 98] Ato] e
T 5 9 HHY S5 B Yo, Ao FF, 74 24, g
5 9L 0)d 5 Uk olg 292 D] Y AHF g WY
L 3pgos g 4 gtk o] BN 5T A9 S Fol, 7}
A 249 LY PN A, BUAT 2FL WS F Al
o 2L NS 98l chart W8 287142 A8 4 AUtk

120) Delft &Cenhofer(2016)
121) UK GOV, Clean Maritime Plan. 2019(2019.7.)(ZA4: 2023.7.28.)
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ESF F2 T 719 YHoE, JAFAS(AD, HlHolE, 2L HFY
71 o] Brf Fugt At £k 2A3} AXEQo}E JEsks ol &
|51 itk

ole} Heste], Aute] £ XH3LE Fof AR Ahs GAsk] gt
thoFst dqtEo] AP L QI Bastiirk and Erol(2023)2 A18He] 5=
ot gl v Ao o Ao X4 £S5 AAsto], AR AR
S SHE ATE S AR drdgEs HHE 285t
Ro-Ro 3419 24 &3 &= & ZA5t, ol& H83F thAf AutolA
°F 18%9] Hi&E HAE 2263 122) Yang et al.(2020)2 sl F3F
< 1Egt &% 235 BAS Ajkolet. MA| Fofiol tiet & A& 4]
£ Akl Hsl 139 v F2S ok tiAF AUt gA o] 2H
3} ByZ ALsto], F 28041 Tl 59 2.2%9] A= H7, 26.12MT

Technology= 224 HlolE] £4-7|& FJAKRI DTN HAste] AlE
7I9te 2 ol= A3} AZEoC] ‘METIS Augmented Routing
Optimization'& 7J&stal Qlt}. ol= Al 7|§F £4Z o Ao &
/J BRF ofy 2t HIlols 9 $ES S44 2R Hiodsto] 29 £ s
&7} A4koto] AlgsHA Hrt124) siat AZEQJo]T1F NAPA A &%
84S 7fAsH] Y%t £F 422 ‘NAPA Voyage Optimization' = 7H
oot 2E =) oA Bt ok, s, 4 2 ERXE LEske
ELE Aitsto] Alggttt. 53], AnE o] YolA =2 A7 A
Q ]

 RPM, 900 53}, 92 o o]e], 44 v 2yt 22 54 BES

122) Bastiirk, Selim & Sercan Erol(2023)
123) Yang et al.(2020)
124) ShipNerd(2023)
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ES_I',

3 HHo] ke A8l Attt

B2 72-17) NAPA Voyage Optimization2| At2X} QIE{H[O|A

RkE: NAPA(2023)
Lt ZH o=

Alate] = HHsls S HHsiet AIE 2olshs /HdeR, g4, 3

250 97 9L Goish) 9 R4 Y=g
E%.B_]JE _—]—q_;g]gi 78]0 ‘6‘E1- Z'\__ 9}\1’;} /‘\j_H]'_q] ‘/‘—:‘E _%]7_9133,]- ﬂ]—%‘_ﬂ]— U]‘?}l'7]‘1]

a
Fe AR 20, WE, o 9 AN 2L vkl R4S VMo AN
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Z0|7] sl A k= WHAAE 0] ZHliE F2As)she
E2, HAE A of fof g} Muk2 24 26t 1t ok
= I 4 skEo| Qe AHte] ArHT E 34
o 9 5lth= AMAof 71dlstet, ‘Seakeeping’ 2 A vt A
AT <k HASE AlEdtT

Sofar Ocean®] ‘Wayfinder' & sl Y EZNA A5ok= 714 AH
£ AMEsto] A= 2D AHAE Alerith SR AEE 85t o
2 ZPEAN AlFsl= AH|AETE 20%~50% B FEeE ote W Y& d

HE s, oAzt AUo|Exs 47] oE AHE Bl oR F 1
o 7l o9 AR FHZ Brlole], A&FHoRE FEE A3
CargoSmart7} 7H3E Route Master + s 3= &7 3AP| A 3
NERE FF /N7 Y] BEE A Hw T 5 &=, 474
BE 4 7155 A2 Hlo|EH|o|AE A ]%"?l‘jr EQF F A
H-E 9 25YAE Z3boto] Algkd &=

g =

2 A 5 Y=E A2E

Fortune Business Insights(2023)2 A4t &% Z|Zslel &2 %A 3}
£ ZZH 07 xJbol= At o e AARY A 271 20229 1
o 9,5905t USDellA, 20234 29 2,040%F USD, 2030¥°l= 59
5,5305F USDZE, Bt 14.1%4 gL Zoz 9533t Markets
and Markets(2019), AdF F #g, Ad 9, Ad A ZUEHP
5= Eoks AYEE AHF Y] 22 A 27} 203097HA] A+
7.4% “37ste] 2030Wdoll= & 1459 USDel @ Zo= Agstal 9l
t} 126)

125) Safety4sea(2017.3.30.)
126) MarketsandMarkets(2019)(ZA412: 2023.9.12.)
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(B2 12-18) Wayfinder?| &2 X5} A|AEI(GA])

Xt&: Sofar(2023)
3) H-&x2

(1) &4 HiE ZE(OCCS)
tha 2HL AR A4 A BEE COE Hos V&R, da
E3 7]&(post-combustion technology) ¥ ‘A4 A =EZ 7]
(pre-combustion technology) & 5% 4 QIt}.127) 18|31, X3
ojirsletAo] ZE-AA of fof wEbA, ZHE ©AE AEZ BAbkst
T 2 EE(CCU) 7I& ©as H7tad % A|5tof] Aok
Z3H A7HCCY) 7IeR T2t

O Y 4o1‘

¢

127) U|O|H] X|AJ#BHAAML: 2023.9.12.)

237



X2 Well Expertise(ZMY: 2023.9.12.)

Au) 9o 9 BFOR WASHE oMEEAS Aol ZysH:
‘Onboard CCS(OCCY)'E 719 B7] A & B0l HASH= o]
AYERAS TSl Aol Ak, ol Fle] seishs Ao A
o Folch Ay B AL, SAINE F2 A}%El% obel7] 8ot
AFgste] B RARSE o uskaAE F45kE, HEe eiAl o] §3
ool olistEaE AEEW F ofshilA B et

o7t F71=of, A2 7]

0

2 o

L=

OCCS2 &4 ZA7|&d o2 7|&
FEAE dAF fgioteg Agsty| ofH

_4

= 2 Aot 94, AHt]
QA S w717k o] olAtsheke: g BlFo] Aidos &
of, ZY H&E oY) AL AhHoR o B ofXe} Hulzt B
[3lh olF R 48] F710 Ak BAG ol WS A8Y S
gdou, =y TEI ¥ ¥ A seid | g FoluxE Tl
31, olAlSkekeg AAShZlE oUA] A4 B Bol BasHA "t of
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23t ol 72, FAIHY A& AEFo] FUIRHAL oo W ojileiE4 Hj
5 100% ZH&< X5k Aol E7Fsdlth 181,
HE olbeigtas Aol HA| iz Haslor sk, oliteletae]
& A=Ge] 2581004 3.2819] Sk b, ZAI A
Q

e mE ofN He e
fo ot
ne e
o~
= %

(S2 72-20) Mo AT U K

0z
[®)
o)
o]
2]
lo
:\I.I=
aim
H‘|

Xt2: Tabakoli et al.(2022)

o|=zH

Pt

A UL 20299 HE FBIHTRL 9)F JEE, ol S
7t AZEE LT OB, Wartisila 4 22 HA A2ES

20259 ERARo 7 Apsta 9tk DNVE OCCSY] ARg3} A

o o
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2030902 Aelal glow, Zo|lEAg2 & CCSQ] 71& F(TRL),
B2} 24| (IR AR ARl 8 $2(CRL)S A8k, OCCS
9] TRLL 6/9, IRLZ 2/6, CRLE 3/6°2 F7}sl3ict. IHoA= o
ZAg%Fo] 2022¢ 10€ OCCS HH|E AA| LNG2HHAo] gAjjsto] A

W3S HFAOR Sk, PR, LAYl BAAS BT A

A=%)

oL

e B SS = =20 v

o=
o] oh] L S}tES-S o] 8slo] Bl FelE A WAl 4

1¥ 5t W Agagel e BeHgS SEsk) %

o

o2
_O‘_Ir‘
)
N
)
i
9
(e}

(R5 13-21) CCSQ| 7I&, XAt ZH|, AIZQ| £H| +& ot

Xt&: LR Maritime Decarbonisation Hub(2023.4.13.), p. 9.

OCCSY] A2 tiAl A= Ao Ay} 7]e4 HA o] gt =5 o
ol vf-¢- DHSHA AAE o] . FA= OCCSY g4 31 Hl-go] &
g 200-300 USD AL & 128 5 thE A8 9| 7143} vlwsto] o] Hl-E
9] B w9919 HLof wet A HR-gol 2AE ACE AYH EI
714 AR Qs 100% 357t E7FT A o9A sidd AR ®
T A B0 ¥ & AoE HRIh

128) Mask Mc-Kinney Mgller Center(2022.10.30.)(Z42: 2023.10.17.), p. 10.
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(2) HIE7IA X2

A7k 2 Y BAIAS G718 ARE AL B9, A2
B Ahs T4 vsto] H7|7iA0] 23 4oix T feke

Rl
ojatetetA iH] A2t 7] FErt oF 208 w2 2AVIAR
ojg} stefEte 11 FF2 AFIIEE o] tigt o
&5 Eole W2 A Al VKRR RS 5 %%ﬁl, AR A g
MdsHAY, FAE ] 7E, BEe AlaE EF4Z 48T & Sl
S dlRo] gdaurrloz T Alo]2L eisle] Ao 1] kA

£ A7 FYstol Ak RS ZMAAL, WKL SEHECRIS 5
AT U, A A6l Hoht 15 48 5 us| A4 AL

= ¢

2 wiE L "“i‘/\c]_ ?ﬁ_?‘?«l /\]'o—— A A S| ARgE Eole Y

AA 48T 4 ek

(2 23-22) B2AX0} £H2 YA WA

XtZ: Daphane Technology(ZA<l: 2023. 10.17.)
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AR, 2 A7 7ed M2 B9l Wk €9 viEE 4ot
L] o2& 7|4 7ol o]2oj]| 1 9T} 129) T3] HFALL o] ThEE
u}o]aq Eﬂ/\E 2032 MAN ES7]' 401424 0]3043 of ]oﬂ A]-q .J_EHXP;(]
£ 7idsto] Al Sl lew, 20259 EA] dgolth. 1 2]o& Topsoe
Catalyst, 3|thx] 2Alo] Z¥zF 20249, 202649 &4 HHZ 9 7|&S
gk, A& E|AE o]t} 130) Daphane Technolgys E2t2n} #2419

‘PureSlip” A& SAlstAH.

VA7 gt el dat A7 QU A4 Bl gt Qe
oA Q7 whRl, A% A7 BEIA ek ek A, FE A
SYET AArkaol AR A BRg0] 45 HE, 2a%t W 3

=

1) OjL{x| Mgt
(1) Th LTI

7t B

e A A
ok= 0}’512 , °L‘:‘}°ﬂ/\1 ’\}35]1‘ 7V %“?Pﬂ?l 39 HEF 7]
o AE 9 A9 &4, =T 9 7] o] FERt o] AT &
Qltt. £3], CSP(Concentrating Solar Power)+= 1‘4]1_% S 93 o
e 7IeE, Aoy ARE ARESt] Y-S AV AFSAIK v

129) Ushakov et al.(2019)
130) Mask Mc-Kinney Mgller Center(2022.9.10.)(ZMY: 2023.10.17.), p. 13.
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& TIATIH, E2 A71E AU e F4E A doluAE

AEshe dlel A8 4 et

(BE 13-23) A Gateway&tfl &X|= PV solar panel(M|Al)

Xt=2: Ship Technology(2023.5.11.)(AAMY: 2023.10.17.)

o
4 % 37 8%1 *Ff -% ‘5&‘3& o
0] 847 P Zo]7
A ATk

2
é
iy
D)
)
o)

flllo
i)
oy
st
>
o)
()
)
)
1%
o
N
)
)

S A /1% A FF E W B AL FHA 9 A
o2 ogHETt. 53] HUYOV) WA vl Aelix] RRoIA by
Al ouiA] A0, 20184 B7b) ek PV A W 19

249 HIY PV 8L 480GWS] Eastel A HEl 200 FHHO
v, 20004 o|F 79| 43%0] 7P7e AT YHEE 7125t ek 13D

131) Gielen, Dolf, et al.(2019)
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SHS A 7MY, AT A A=l Y Sl BlEoE, HY
B 71eE FF 109 53 thgRt A H-&opofl A Aol A] Z1eA A
50| d A& aE ek FAAHAYNH A7 FHIRENA) S
‘Energy roadmap(2019)" £40] =21, gy PV T Hu|9] &2
FF 109 3% oF o8l 22 griE|o], 20309714 2,840GW, 20504
7HA = 8,519GW(20184 thH| 184} S7HE G5 4= Sltt. E3E A Al
AZHOZ 205087HA] F Eg PV 879 oF 60%7F e E u, Y
WA 40%= 4 HAR HPE A0E d&stal Q132

(B2 72-24) 20183 CHH| E{YE =HKEt

Xt=: Gielen, Dolf, et al.(2019), p. 22.

132) IRENA(2019.11. (&MY 2023.10.17.), p. 9.
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oA FE Tee &8 P2 idEE ERI(Offshore wind
turbine)? $488 ERl(Onshore wind turbine)2& &3 &= ot
oz s Fe ENL SAES Hulne R} 23, Az, A4
20 =2 2Ys}7] Yo Ex o A Mdo] Qi) 133) ESE SA)
g HulHG Jizoz & Hlgo] a7gdk o B2 dEs et
91Tt 4:30] MLk Aol Qi Wk, A U §4) Bels} olgcs
| : 1 (Onshore wind turbine)2 ¥]n& #Zs}al
7h 49, 2:90] AISKL TlEAIOR £A] oot gt v Ei Q12
!
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fE
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o,
ol
1%
e
L v,
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uil)
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N
=3
e
5
b
>
B
e

H Y 1o 2 AR A
FXI6kaL Qlom, 134 vdHe iEﬂEE* }2olg =
T AgE& 33T + 9= 7TOMWF 2 T
Ith.135) w3 IRENA(2019.10.)= AANA sjalEe Hx8eF Furt
20184¥ 23GWollA 20304 <F 228GW, 2050E0l= °F 1,000GW7HA] &

7F Aog Aoty glom, o= HA| T 8% o 17% yiEott.136)

R
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)
Z: it oo
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=
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—

H

w19 1&

133) Global Wind Energy Council(2016)(ZdA4: 2023.10.17.), p. 30.

134) Energy Efficiency&Renewable Energy(2022.8.16.)(AAY: 2023.10.17.), p. 70.
135) The Times(2022.8.28.)(AMY: 2023.10.17.)

136) IRENA(2019.10.)(ZAL: 2023.9.17.), p. 40
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Atz: IRENA, Future of wind. 2019.p.40.

of oheFgt 2|9 Eofoll A A W A AR Fa
oAbt} IRENA(2019)] wad, SAS e X832 IJ5 309 59t
T 7% oAl Aoz, 2018E(542GW)ell Hl3l 20301 7HA] <F 3H
7GW), 205097F4] 108H(5,044GW) H=7HA] st Aog At
ct. o] THoA 8EE EX WAL 1,008,800~1,664,520km’?, &
o3 WAL 50,440~83,226 km*O.& F%3}al gloH, ol= A EXA
| AL 7hse A S8 Ao vl SAEE AR|7E Aidos &
AA] B AR AE U]t} 137)

e £

A
o

S
,78
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y_a

P
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]
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(R 13-26) 206071 | S8 5 4X| 8 0l £8 1=

Xt=: IRENA(2019.10.)(Z@MY: 2023.9.17.), p. 25.

(2) OlLX] A

PO o |A] 1P| P A9 A AAE $A, viH 9 AH|7}
4T A4E HEYAE 9uletH, 7|&9] 3t A=, A 7Fs ouA E
= 1A BFo Sl AH7R9] 4 A 3 22 ot A
S0l 2 2 o139 ol P79 o BEH, A, Het o
A& 7Fsd< 7NAsH ] ARt HIREeE, o|A] A% A|AH] AHLE T1E
T(Smart-grid) E+= tfo]ZZ2 12| =(Microgrid) & tdst 32 &4+

A 71&8 F8F 5 k. FAZCE, AntE JEE 7]&L Pt oy
2 189 geAlT AFHAS G o) ARRE T 9o AlAQ}
7les ARgstel T1E =0 Y 555 EYE KL Alofjlt). ol

¥4 $8E £0]1 A9 F4Z JAsks 3, ST Higt 12l=9 &

137) IRENA(2019.10.)(ZA2: 2023.9.17.)
138) Gov UK(2023.7.5.)

247



U 4 itk B vlojARIe|EE $9 1ese EYHoR
U 49 59Y A TsEA, A A WY
U 59 Jejsod St GREEe sl 9% WeteR A

aute] oA g agHoR Rl Aofsly] figt o, Fa e
FH0R Torst 24 ] vlo]aR 8= FEAYS A8 32
Zol Atk ml= FHIA] FIHPOLB; Port of Long Beach) 20184, &
gho] oy T @ B2AL FAAI7)7] 91g POLB olaRTHE X
RAE'| 2p=513Tt. 300kW BG=g PV ofFo], 330kW 1784] wiE 2]
o 250kW FohE e S EReks nolaR1es AlATE TuoR,
S, &G, X, He AR A " wREA A offvA] £BlE 2Heket
C2H Y AE Eedo® Hesial Al o] Rk e =
Rl QI 140) o] F 3 Fute] oA fo-FFAAS] 2 o
TE2E WA O=A A ABIAE EAShs o, Euld

P 3g FFS HA3kE & ek LATHPOLA)S R 2A7EA
< ds] Azslsta, o It ke oA =25 100% A
Jol A2 Agst7] Y3t ‘Green Omni Terminal TZAEQ] A3JLO
2 mojazEE AL AT-EASH. ol 1.03MW YT PV
ofgfolet 2.60MWh HliE 2] A AlAd, FEF S Av, ofuA] o Al
AHl 783 Simens?] 18 E AEEY SICAM S5o2 FA% do]3
BRIOE Aagoz, Fd Al B v 2FE0A 2eld Bl &
gHo AFY 4 9lrk 14D

=)

139) Cui, X., et al.(2023)
140) Microgrid Knowledge(2022.3.15.)(Z4AHL:
(o]

A 023.10.17.)
141) Microgrid Knowledge(2018.9.13.)(ZA4L:

2
2023.10.17.)
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(B2 721-27) LAZEHPOLA)2 Green Omni Terminal

Xt2: Business Wire(2016.5.26.)(ZA4: 2023. 10.17.)

auke] Y 71 % vlolaR 120 gL FlEe] TejEoks
WA o] ouix] 425 AAIUAR Ak oA/ e oR He
Sk TpgolA, AeII o) T e Tkdor xusle] ehgeon
AR AR 8eFS G4 4 ol SRA0R AT F2u vt

(3) Al OflLiX|(AH], &)

7t T=/HHEE]

o] AH715He quto] 5o W o), MY, 5 Ao 9 o]0l
Au] 9 M 5 A7) FEYACE ABAY, olE 9% 34 A
23 AR, ot 1 B, A 7 34 EE Al 7 o]uA] g 5,14
Aol A Fo R BaE el olg Bes] dat A7) 2475,

142) KEMPOWER(2023.7.17.)(&Me: 2023.10.17.)
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* AC/DC 2HH A|AH! MX| 25, HF 3|2 S8 Esiok= BEE M| Al
IEC60092-201 |~ L Vo oy m oas 71a -

mnAS

IEC 60092503 AC 38 MAF2 1kV ~ 36kV 22 AC S5 AIAHI S B,

IHQE HA AAEIHVSC; High Voltage Shore Connection
Systems); 2HE Y S4 0HZ2|AH|0|H 2FE I3 HVSC AIAHIQ
A7, HIAE 3 48X

IEC/IEEE 8005-1

* RS 1MVA OIS 275t M2 X/Y
© RIS T B AIAS, SHOHL A 7t 9121, ot /2lole, Riof
AAH, BUER, 91 2 T2 22i2 2

X AA AAEILVSC; Low Voltage Shore Connection
Systems); HVSC A|AEIT QAL 2|0 TMVAZF ZQS Mut) M
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d, a5 3 Mg He| 22 EHE Vs

IEC PAS 8005-2

HH
ok
jm

f
=2
oX,
AT
:oég‘
%0,
rlr
[=nh

59t Adlo] HxAXloju By thal S4F
< AAst] ARESHAY 3ke AE AHU AH & %

= ) =
oz Ao A, 70 iE delA WiES A AasAL 44

143) DNV(2020)(Z44: 2023.8.17.)
144) Feng, X. et al.(2022.7.), p. 7.
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oF Bsto], A FAL5 FS(ICCT, 2023)9] AlEHo|Aof wt
o= AlfEF] 8 wiEY, & FAYY AHOGV) 1 9 Aut
o] et A] 100% $/¢ AU o]&5k= A%, PMas HiZo] 7]&(2019¢

= A0 Yeyton old nE fi7|d fHhos
7] AFgEO] RolulsA A= 5, A7t 2,700%t

S 138-28) 0|= A0S &, T2t e HEF PM2.6 sk gt

0o

Xt2: ICCT(2023.2.)(HML: 2023.8.17.)

22 AFoNA, &/ ARG dsiAs AHo] ofo] ut A=Y E
712 A7|3KFull-electrification)dl= -5~ PM, s HiEo] 7]&(20194
71%) el 69% AL ofof whe 2 Hel Az Ha 19 54T

N

145) ICCT(2023.2.) (&Y 2023.8.17.), pp. 6-8.
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USD Afgo & AFYE| Qi 146)

(F8 18-29) 012 =2/FXMX &, M7|8t0f ME HEz PM2.5 Sk 3}

Xt2: ICCT(2023.2.)(HML: 2023.8.17.)

1 9o, RTGRubber-tyred gantry) Z#1-& &Lof|A] 1SO +2
AECIHE Aol AAst7] s AREE= ol5d WEZ] AHRICE, 7]
Zo|= 100~600kw?] TA wA7] AAHS ARRSLY Qct g =8
RTGE A7 Hd 38L/he] O ARE 4=5MH, o)A 71 CO,
£ o] HiEsk= Y 5 5}‘/}013}.147) 7] RTG Z#H U2 Hlo] 59
= Faor7] 9o A A7 Al A7] TF AlAdE P Sto] A-55t,
A7) F= B4 ‘ﬂrﬂ‘r A 2714 Wjog FESE 4 Qi

|0

3
oS.‘ilT-I

24, ‘HE 35 AolE & HW4(Motor driven cable reel) & AHZ4]
Aol E3} H71E FFoks HAVI7F IRl AXHr}. dRkHog A
o

ol&L Agoly A o] olLo] HytE|m o] Alo]EL o] FH
Qo] FFHE AA0] dAZ=Ho] AVS FTFI. AYY bl WA

146) ICCT(2023.2.) (A4 2023.8.17.), pp. 9-11.
147) Romo, L. et al.(2009)
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(Conductor bar)2 gutdoz AYH IS Ao EEZ IHH A
g F2E9] AHo| AXJstH, A7) oHX= RTG 2 Qlo] #2E EE

28 Apgate] AT YU B9 IFUL

Xtz KONECRANESI(ZMY: 2023.8.17.).(&), Conductix-Wamfler(Z4: 2023.8.17.)(?)

Z7] RTG 3HI2 o5 = 2ol 8T wivt HgS Hojles
Aoz fd AR ARE-S 95%7HA] A 4 Qlok. e A7-ATe] w2
9, g gi9] A7] RTGE= 7129 "4 58 RTG HH], CO; W& 67%
A7k, FAO olUA] E&2 86% MAlsH= A0 E VeIt 148) Egt
Fahdi, S. £/(2019)0 =1, &F ¥+ +JAKI HIT and Modern
Terminals Ltde I5°] +Fot= T+ 70%2] RTGE YA EFJolA
7] o R HASIH oY, oF HPE TH AR AASto] 283t
A3} A7F F 120,000kWe] AURE E7FotFct149) & =P 7|
oly] Ag] ZulofA LAsl= CO, &S 0171 flof I A2 AHE
Sh= BHA A7) ®B419] RTGE ZYs6tAL, o8 Bofl 247EA W&

148) Yang & Chang(2013)
149) Fahdi, ELKHECHAFI & HACHIMI(2019)
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7|& diH] 40%71A] Aokt = Aol S= a7t 20081
WSt TIRE ofufA] Hof E’l CO2 Agtell it A1 & olst] Hsf =
Het TAoUA] 48] 3 g oy FHg A= A% A= o w
2hA, 20159714 2E RTG ELEﬂL% A7) Aoz WA Aol

Yang & Chang(2013)9] RTG2} E-RTGY A 3|4 7|7k} A52S
H) . 245 Adato] 2w, A7) RTGE A3 A] A7F 9F 1,890,000
USDE 24T 4= oH, T4 3l 7|7k of 2.2\ £t Aoz 1y
EFtt} 150) o= gRte] HEH A ol SH £ ofde}, FARTH A%
o] & 2JH] FHo| F7tct= Aol A7) RTGRY Heo] Jut &

= T =

T S AlARIT.

T (GPA; Georgia Ports Authority)< G ZH|o]
Y gt} 28012 7|3k ARl 451 ofd whet, A5 AIRE
18% 53 A 58& saot 7|& v A HY 85% H&o

HlE 23 9 wiEeAd avE Gsiaint. &7l A8 gudel &
o]y Eu]d(LBCT; Long Beach Container Terminal)gA] 3
A718ksto] wA|HA| BjE&S 88% Afotom, ol& Al 7|¥t 7
5 Al %@QQE 74‘51101‘4 '5'}053’/}*494 i’io*é& 7S

-

2, 7ol Wz 718 V1%
7 g oA AEE 98, oY £

L)
o
é
(o]
S,
i _llN
Hir
o flo
é
_l.4
)
fo
-
2,
ook

chis) shAlek, 2wl 7)40) WHo R 2% e o] 34
43 Ao FE B oY W) E9 4 7] HSE oY oA
E=jnc} vobd 108 ojgEn Uk Ed AgelH 275 B3 7]

150) Yang & Chang(2013)
151) Mareev, Becker, & Sauer(2017)
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A QAR A, F41AQl BA7IE 5= 4-&oto] gatolA A& 7t
S o2 AMBE T Qi AE £01, =2 HiEHY &5 80 of
714 ok wiE ] 7o) 1=3kE 53 92 itk HHE 9
=, ‘A7) =& A]AHI(ERS; Electric road system) ¥ Z2 7]&2 &
AT = Uk A7) EE AAHL B2 9] Age] 54 59
YL 5 Q= A7) EEE, I7HA He7E AP, It
JHR 205 otk 53] 9 Ul S99 54 4 71e4]
ol oju] 1 §-8o| v} Z 4 Itk Connolly(2017)= o9} #es}
of, AFo] A& g e}t At A7) =& A|AHl0] Y& HiEYE
ARGSte AFET FF § A-e &40 E Aol AA3t v QL
t}.152)

rsﬁ olr‘ m{)

)

[¢]

-

T m[°—9~

)
Dl

BE J2-31) M7| £2 A|AH X2 94

Conductive Conductive Inductive
(Overhead) (rail) (wireless)

Xt=: Balkan Green Energy News(2021.7.1.)(AM2: 2023.8.17.)(&}), Fuelcard
Services(2023.6.16.)(AMY: 2023.8.17.)(%), Fuelcard Services(2023.6.16.)(ZAMY:
2023.8.17.)(R)

E3, 34 Qmet oA SEE S| HY5E S A4 =
doltt. 7] Eeish bl e 54§98 WAR sto, ofF o
7h EAlo] FASHE A4S PR Helwo] 4Yat G A gery

152) Connolly, D.(2017)
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M= A7 EY U 31| So] AR A

] 7] 31
428 oz oo A A0 HEHe LAl BT

WA A E vke}t o] Pto] oy |, 53] A7|skH ovA] 89] F
A F7tol|l ti-8st7] flsl, oldA] A4 AIAHRIESS; Energy storage
system)' 9] BRA FA] X&H 0w FoiEa ik @A 7P 2t
Q&= ESS = shel “LE=AWAIE ESS(UCES; Ultracapacitor energy
storage) = 7] ek oA A% A9 g THE, TR} vl
9] A= ARt 710tk FtollA AREEE A QL AdolA] WA S
BAAEE A5 Aokt AP ESS B2 o g, 7]E ZdAET

%l

92 gE, w2 9 L W S5, 7 o] Aelchisy

o°"

¢

UCESY] &3 452 A= ek, A ARt 9 7|8} 7|9 ol ujet
et At 8= BHA 28 & oy, 7|E HiE T H[Eo] H]
AL QEASHA] Ytk 714 o]t lofAl F7HARI At Zfdo] 84E
c}. 159 & o2 ESSQl ‘Z2fto]& BSS(FES; Flywheel energy storages)
€ NHAE E5UA Fel= AstH, 54 2 FAd F7] 52 HEe}
0 o g 5= Qi) FESE oF 1007t Ato]E Ex= 2019
FTHOE Ao s 71 £y B2 A9 Uk, 3 IF H4g) HE
< <t 5 =2 A8 4 59 FHE 7L Qlth159)

£3], & $27F AL & Il HisiAs F2 F 7 0|42l BSS
I AL S TS St B
o] At k. Fute] m3 g
80 sst7] sl BES %= FES®} UCESE ZdstAY, UCESH
BESE A3 AH7l HiEA o[t} 156)
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ESS= Al A oflvfx]9] BE3t 242 g ol EHY A7fd
webs] A =87F JT 2A skl 9o, A 4 A, AE
sk ], A oy|A] &9 ksl A7) 85 H3 v A 35 T
dst 82 S8 4 Qlth BSSY AIAA fFEE 20219 7|E0= oF
22%9olH, 2026E0]= oF 12029 €8 Aoz AYH

A EE= ESS &8 834, 35713 ESS A %3} XH*"OﬂLiX] A
A ESS9] T3UFA 7] S T AF-9] ESS A1 B A|PoE 9
7F S7Fskal Qlow, 2018¢ ARH7] 71 1.8GWhE ol= | tiH] 20
v ol 7t REH, ¢ Azt 3.7GWha Axd Aol

)
-E
H
9

SAE Qao] gt 15 B ARAX YA it Ag oAt
B8 guo ot BF 9 29 HEAR E: NEZNear
Emission-Zero) WA0.2 43t 285K Ho] W Faskl A48T 4
9l ouiA] Suole. YukHoR A 7Rse HYoNu Aok Hel 7k
E Ve Aeha BRY SoA S48 A 4 glon, ekt 9y
2159 Sa8 ASILT Bilslel gre] 4% Au] Ul Aek Fof

A48 2 9let159

ol
i

A
4, Seasiol] olohe ARl 35, Hmulol, 47, Hel
2 3%, 8%, U3 5) $RAN /129 34 9=
Aok 98 Tiotos FBu glekion oloh Batslel, WA o

2
N i‘
We, o
o
Mo
i
ol
ol
=

tn o
=
b

157
158
159
160

ML EG01(2021.7.24.)

U= 7IA, WX E= L2LO0LS
OEMoffhighway(2022.1.26.)(AMY: 2023.8.17.)

Clean Hydrogen Partnership(2023.3.30.)(AAY: 2023.8.17.)

NN NN
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T 2 FAAAE =AA AL A & QI 15 dA R s 9
St 'BU $4AAZHEU Hydrogen strategy, 2020) = 2020~2024E7}A
Zd IMt(33TWh)Q] A4 753t 28 ARt 4= = 2A 6GWe A
xS AR, FAY p4 BAEE dRAadtstal A &
A E AAY Fo FAE AT & UEE o= o 812 T
2025~2030971A]= i 10Mt(333TWh)9] A 7Hsst 45 A48
T A= A 406w Moz &= HiAIsh, aFHAe H HE A
FAA HET 75 7€ 714 17E] YRE &k ¥FS
ol 7124 4 I EE F55HA "ot 2030~205097HA] = Ad<=5t
Fa & de T, ol2fet 7]eo] 3, st It 11

ot Al ek A, & "RtAslely] ofEe %ﬂ‘vt':oﬂE
2] 285t D

M,
_,L
ﬂ
:{o
i
@)

==

S
=
3

"

=0
H ZEPO]

_

¢

X2 Clean Hydrogen Partnership(2023.9.30.)(ZA4: 2023.8.19.)

2030Q97HA] 48] AL, 2F B HF AN FIRE /l=Ee] AA] A
co o5t 74 I AWM mFJYI= nfEsl| sF TFit for 55

161) Clean Hydrogen Partnership(2023.9.30.)(ZA¥: 2023.10.19.), p. 18.
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package(2021),1029 A=, "AAJoHA] ZI-(RED; Renewable energy
directive) 11,9 0= 203097H] AA 7Rs8t 4247t BE Ao
AR E]= £240] =8 = 50% o]A ZFA|Sfof stk A5kt ESE o
A A= Azt Ao, =2 AR, Add B 3 700 Adstes
EU A9 4 = BgaE wixsh] 9t 94 =7 535 =Yok=
& oFal, FuelEU s olUMEIE = 2025858 Aldto] digh AT &
& R AL Aelel $45 B Al AR RS FESH
oI} 163)

=L A
o?_].'"l_

olof o}, "/REPowerEU Plan = 20309 §4¢ A2 44 7
29] 85 A7F 20MtR oot 9lom 164 35 240 At E=
%5 A% 29 i&oﬂﬁ} | 3FYOIN T2 HTE Sk
she nte] et ATl Q1T At R 24 AR8ALte) Aol whe %
93t Ao 7 Austa ik Es]. ol&|st &9 tje3l] 93]
| 10Me2] A 7MsTt 45 ABALSHE S, YA 10Mes $)3of
St A0 2 of|&35}al QJr} 165

N

162) European Commission, Fit for 55 package(ZAe: 2023.8.19.)

163) European Commission(2021), European Green Deal: Commission proposes
transformation of EU economy and society to meet climate ambitions

164) European Commission(2022), REPowerEU: A plan to rapidly reduce dependence on
Russian fossil fuels and fast forward the green transition

165) Clean Hydrogen Partnership(2023.9.30.)(ZAY: 2023.10.19.)
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A 27N 54 243}

40| o]FFA = FA0] et Aol wEt thfRt WHAlo g Y]
o, A 71A] o]FHAIT HA| o]FHA| 0 &, WA o]F-Z ThA] N/ A}
o]0 & rolXitt 714 o]FHAE FE EfURE &5k WY
Hl#hE &9l @50k HRoE fEEe, FE Edds $45 1Y
o2 QEoto] AFE E= 7FERX|9] Ho} EFo|
Halos AT FAE GR= F50ks ol Agst
£ AY Tz TP E v S 255k
o] A AH|A|7} fa AR QIFSHY] BT AdH]Eo]
S 1 2 AR AL} o]F2 FAE g7
53C7HA] yztsto] AA| JHi2 B2 E o +55k=
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A727|(CHS; Compressed Hydrogen Storage) &} WZ1st 45 A
R Aok AseA AA]7|(LHS; Liquid Hydrogen Storage)
2 FEEC [HS= CHSHEU 5 Wl o9 £4AE AASH 4= AN 7<=
A dolwet G- BS0f ol o] glof, dwrHog CHS7F AHE L S
o} CHS: 7zl A& dmss, 9B 9a4es ALas] Asish
P, AT LR 0w FEH gaARE AN FH, A M FA
Eot fele] SAMACEA) AEHa 5 47HK] FEjrt Qlck168)

o)

4
[‘

A AA-olE5A Y] AAARS 201949 4,6809 USDOA, % A
W 8.4%2 HHER 2025W0E 7,593 USD7HA| 5718 Aoz A
FHE o] T i AFET] A uﬂ% 32%9] &2 AAER, 2026
o= 291 8,3005F USD %, HA 7}A AG87] A 6.12%S XA

Aog AutEt} 169)

oH,

L o

2

2) OLX] &8 JHH

o steigulel SRS AUe Aoet o] Fa ujE
Suo] SATEOR QIR HZ0] THRES AATt e, HHE 117*
]_

2o 22 S0 29 Aol Hl8 87 ZHoME oS0 gt oy
A &g AE BeHolth

7t AL 58 MM

A= AL [oT E 91E A5(Al) 71&S 28 Aoz ZY

o

2
e

168) Korea Institute of Science and Technology Information, p. 2.
169) ZMYUE(2021.7.13.)(HMY: 2023.8.23.)
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oA Aol BA0E Aol 4= glom, Adele] e AN % B
A A 158 B0l 280 Sl AU B 5 88 £ . o

£ J8-33) A3 32 7HEE

X2 Mitsubishi Heavy Industries(2023.5.10.)(ZAY: 2023.8.23.)

%=+ A5to](Shanghai) 9 201749 12€, AlAl o] AF=3} A
oly Huld Al 292 AZsIgon, ol %aﬂ 70%9] L-=H]-L 7t
50%9] 2888 U= 8 AH 80,000 USDE Eishe ¥4, &
B4 HiE9] 10% =S A7e A0 s AWsty Qrh170 55 B

=

l‘)

rE oN'

=

170) The Straits Times(2023.4.10.)(AA4: 2023.8.23.)
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(Brisbane) Yk 20149 ¥ A& F=9| H%E 9ol 29 545 AUD
= BEx5i o, gt 294 DP World: 20174 2ti9] NES A%
AE)7)(Stacking) IH Q1S EQst] L85ty Q1) wWHE
(Melbourne) gste] ¥z ajot 24| o]y EEY(VICT)} 69 53
AUD 129 o5 x & 7(]-59,]— Eujda, £ 660m 250 559
Neo Panamax STS F#Q1& &835t1 Q) Tdl A=y HEx &
oA Egx} g0y A EE(Container Stacking Block)#}9] WA}
AP 95t & 20719 A5 AHH] TS &85t QJr}172)

b RI/EYEY &8 i

2 Q179 A4gFY LS R] FAlo] WashA] grou g 24417

Qo] 71EZ o7 ot go] BAHTE ESF 7] I 9 o wEbA, &
A #7F d QRsly G8FQ 2807 AR AH|7F AjFog Uof,
Hl & A7 gaE 7|t

171
172
173
174

itnews(2015.5.26.)(AMY: 2023.8.23.)
createdigital(2019.12.13.)(ZAL: 2023.8.23.)
Madhavan & Messina(2006), pp. 324-325
Streetdrone(2023.5.10.)(AA: 2023.8.23.)

NN
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(R5 023-34) A2 EZO E:

At=2: U.S. Goverment Accountability Office(2019.5.7 (&MY 2023.9.1.), p. 14.

A2 BF PR Aeh 49 L A B9 34, olo] e B
s50] B A AXEA, Bt oA 43 41919] BA1H Wzt 74
e A716S TUste] B 299 BRYS oI/l U Yok %
T8k Uk Jests ol Ak Aol 3 #3 A2 L ICT 714
2 olgste] ol tFo] HHH MeS Ff Aeolule] 9IS wot
311 o] 5 B3] LA BHEC) M Yo o] YRS BEY 5 UEE
sk gk

EEAQ 71& 94| ]E]/\‘] Hol 74, YEYD 8 ¢ 239 &

7 3 YAl 24 7]ofskaL 175 Ak
JEH(0T) 75| A i‘%ﬂoﬂ E5A]10] AgE HEE AASH Bt &
202 fojgHo|lAE 5T & SloH, oA 751 £5A] &Y

175) WEERNINK, Marissa Oude, et al.(2017), pp. 5-9
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F= &0 AEA ske AEIT A%
of, P LEALS 7IESE ERE
59 2ol &8sto] BAl =AM 52

i _|). [‘_\"l
)

ry
H
ok
1200
1=
al
i
i)
T
i
ool

(5 13-35) 3lE 2& WM ==X YESE

Xtz WEERNINK, Marissa Oude, et al.(2017), p. 9.

YgHe  ZH 2 (Rotterdam) FHe]  ZEQJ3E PRONTO(Port
Rendezvous of Nautical and Terminal Operation) A|AE-S 23]
AL SIEA, Eold 59 245 ol OHJ‘WW—WH] 71¥A] RS EARE
= A%l digt AEE AARICE HdsiH, Auf T2F o PAE 52 A
3] o|&gto g Aute]l Aul A|7HS HASIE 4 Qi 176)

FEJ

L. ADf

[m
ook
ro

54 Ade] Yk 5% TH AA 5 o vasel Yual

o -
A =, ol ¥l 7hek Ak AR olojd % ek asF 7%} 7
176) World Ports Sustainability Program(ZA{: 2023.9.1.)
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& £3 Hg 20t
Mel 7158 ME IR § YRYBo} oITHH LT B
. S

2N ZNSHIYOR #E Y IE MY

Ofl CHE! OIS HE A
Hadoop, R, NoSQL S {3

S/W AR
5G © ZT%, ZXAA S AHIA, 0 22 HOl Y BUEY
< BIOJE| X% SE0F BT S, | 5G 7| §8t o1m2y T
- 519t oImat T 0| 2 BEt 2
24 19
INE=HPSIN RS

== 489t AntE Jeke F=017] Hlsie 3 =214 A, 7K
zd, gloly, S, & s

M2 Fdsfor et olE fsl, AARE d2H AME F G EA]
Sto] 257 ZeAIA 9 S HE A2, 9 9 & Ho[HE AntE
AYEHE' 7leS S8 A oA 34 HolHe ¥ daEsdt
Alzel 22ase S8 FaE HAE Edo] vIgEL, A2 A
g EY 7Hte] HElE Algdoldstal A5l Hrh178) /154
e AlAeE E5ARL dlojgHo] 2ol £33 ARt HlolHE ¢
S0l dZste, Aute] 2k Az} - W] &5 559 HEE A5
Adste] aedll A +d3} P9 28§ &8 SHRIh179)

-

178) Wang et al.(2021)
179) Cilio Automation Factory(2022.1.27 (Z@A: 2023.5.10.)
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(B2 13-36) C|X|

Xt2: Wang et al.(2021)
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A A3 BAA o8-S 7R Bhe 5, ?Pﬂf?‘l 49 84e HAs
Qlt} sk = g8kl o]sh A|AH 282 E3f %

75 4 AASL 15% LISt 180

(S E-5) 39 29 X8 20F 2 )
of ot = 7t HIO|Ef =& W X2 20f
LHIA|O N S
4 HQl e « 312 X2 59 AL
(Valencia) 28| loTs s rEeed ¥y
= Al
) JHEZ2 e o JE OL|E{2l A|AHEI
(Singapore) MIEE | * GPS Lands TE DLEI A|
EHZEH o =
HEZE ° 312 X2 0l 24
(Rotterdam) {EHE |« loTs Cloud Server 312 F2 9 24
OFt (Mawan) &2 cloTs * 74H|0| B{0| g0l 2% 9 Bt
ae=d =0J
. o[ EAl 9 2O
(Hamburg) == 5G Technology H10|E] EAl 2 2R
HE=A=2Lt N * 5G Communications
9! o HIO|E{ EAl .l ZO
(Barcelona) ZHA T Wi-Fi {018 S & SR
== ol
=2 ojzjop  “LDARENdWDR | \c e ot o) opsy o=
(Livorno) Cameras
22 (Oulu) m2tE e |oTs « 57 H5 U KATIsA

At=: Wang et al.(2021)
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