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Fraunhofer — Retrofit decision support

Overview over
possible
parameters for
retrofit decisions

Tool for initial 5":,!
indication on
whether retrofit —
could be an
option for a
vessel
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Comparison
between different
technologies

)
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Method

Multidisciplinary decision support

®

Know-how
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Technology matrix
Which technologies are possible?

« Continuously developing
overview over possible (exemplary excerpt)
retrofit technologies

Technology matrix consists of
fuels as well as operational
solutions

The suitability of the
technology for retrofit of
individual ship needs to be
assessed in following steps
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Does a retrofit pay?

Initial = What conditions does the ship have (age, restrictions, dockings ...)
questions = Which regulations apply (perspective shipyard, futures, areas of operation)

General suitability for retrofit (yes / no)

)

Phase 1
Not technology based

Outcome:
specification sheet

Economic

Running cost of the new Systems?
What extra revenues?
What loss in revneues?

Future fuel costs?
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Infrastructure

How will bunkers be supplied/
stored? Are the fuels available in
all areas of operation?

What is the bunker supply chain?
Is there room for the fuels in
ports?

Cooperation with partners/?

Environmental

What savings can be achieved?
How is the environmental
impact improved?
Advantages/disadvantages for
recycling?

Could increased requirements

from the customer be met?

Time

How long does a Retrofit take?
When is a suitable docking period
available?

How long will the ship remain in
service?

What is the optimal point in time

for the retrofit?

Phase 2
Technology based /
decision kriteria

Outcome:
Cost-benefit analysis
with preferred
solution
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Use Case example
Phase 1

« Technological basis )

«  Policy conditions/Regulations
« Geography

- Objectives

- CAPEX

«  OPEX/ROI

« Time

«  Complexity

«  Performance/technical data after Retrofit
«  Flexibility

« Logistics

« Life Cycle Assessment
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Frischwwasser 195 m? ' Schnelle Bereitschaftsboote 2x 6 Pers.
Ballastwasser 1.E72 md MES-Stationan mit Rettungsinsein 1.464 Pers.
Krangungstanks 892 mA

ABMESSUNGEN FAHRBAHNDECK

Deck 3 (Zufahrt)

Maimale Hahe 4.60m
PASSAGIERKAPAZITAT Maximale Braite ta 5,00m
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Use Case example
Phase 1

» Technological basis

* Policy conditions/Regulations m—)
» Geography

EU Fit for 55

Fuel EU Maritime

EU ETS =

s IMO STRATEGY o =

« Objectives = EEXI ON REDUCTION OF GHG {ia, [T (I3 (7T (I
= Cll EMISSIONS FROM SHIPS

[ ] CAPEX NEW REQUIREMENTS UNDER MARPOL ANNEX VIADOPTED BY GOVERNMENTS
| | v ‘ v v

e  OPEX/RO/
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«  Complexity

WASTE HEAT <: l WIND —D. n BIOFOULING
RECOVERY m ASSISTANCE MANAGEMENT

EU ETS Extension to Maritime Transport
)

Introduction Timeline

Performance/technical data after Retrofit
*  Flexibility

25331%‘.2 PROPELLER /,.\\ ALTERNATIVE
CONSUMPTION OPTIMIZATION O, FUELS

etc. etc.

» Logistics - - -
. Verification and Ny i
« Life Cycle Assessment o = g
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il ey e it ® et @
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\

Seite 11 17.04.2026 © Fraunhofer % Frau n hOfer



Use Case example

Y B

Phase 1

« Technological basis

«  Policy conditions/Regulations

« Geography mmmm——) = Rostock (GER) — Gedser (DK) > EU
- Objectives * Baltic Sea

= 5 h cycle (each ferry)

*  CAPEX = 5 cycles per day per ferry (schedule is fix)
OPEX/ROI
« Time

«  Complexity

«  Performance/technical data after Retrofit
*  Flexibility

« Logistics

« Life Cycle Assessment

__——
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Use Case example
Phase 1

T =

« Technological basis

H hetical example
«  Policy conditions/Regulations ypotheti xamp
* Geography = 31% reduction in CO, emissions compared to
- Objectives — 2020.(excluding Flettner), as the end of the life

cycle is 2045

* CAPEX = Thanks to Flettner rotor (5% reduction), 2030
*  OPEX/ROI targets met — 26% reduction still required
e Time = Achieving the target in a single step to realize

benefits for pooling (internal and external)

, _ = Internal pooling is being pursued to avoid having
Performance/technical data after Retrofit to retrofit the remainin g forries by 2040

*  Flexibility
« Logistics

«  Complexity

Average annual reduction in CO2 intensity compared to 2020
-2% -6 % -14,5 % -31 % -62 % -80 %

i3

2025 2030 2035 2040 2045 2050

« Life Cycle Assessment

—
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Use Case example
Phase 2

solution
space

Y

Preferred solution

—
What measures can be taken to achieve the desired objectives?

H2 H2 Bunker System und Logistics Hybrid-Systems LNG, Methanol: H2 Reforming on Board
Compressed H2 Ammonia Crackers
Liquid H2 Elektrical Battery propulsion SEEMP
H2 Engine Systems Energy Management System on Board
Fuel Cells PEM, SOFC Combined electrical propulsion/power systems | Electrical control systems
Auxiliary systems: Battery/Electric propulsion Shore power Connection to Quay/Power barge, Switching system

Methanol Bunker System und Logistics, Tank, Sensors, Control system Energy-efficiency installations Propellor/pods/Ducts
Engine Appendages, anti-roll system, bulbous bows, stern flaps
Fuel Cells Hydrofoils

= : : Efficiency
E-Fuels Auxiliary systems: Battery/Electric propulsion Air Lubrication

Exhaust gas treatment/measurement Emissions reduction in build Catalysator, SCR

Ammonia Bunker System und Logistics, Tank, Sensors, Control system Onboard CCS System
Engine Bio-fuels Engine, Tank/Bunker System und Logistics
Fuel Cells ;I;Arl‘teert;\;tive Wind assisted propulsion Wind technology: Sail/foil/rotor/kite
Aucxiliary systems: Battery/Electric propulsion Weather routing Systems
Emissions measurement and treatment/scrubbers Operations - slow steaming Motor/Propellor, Lubrication
Gas safety Sensors/Equipment grt):rations Autonomous ships Sensors, control systems

Methane/LNG Bunker System und Logistics navigation Digital control systems Engine/power train and auxiliaries
Engine Operation, Reporting
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Use Case example - Y @

Phase 2

Preferred solution

« Technological basis

«  Policy conditions/Regulations Possible technologies Rating

- Geography = Conversion to a hydrogen engine (liquid storage) @

* Objectives = Replacement of an engine with an H, fuel cell PN
« CAPEX — (liquid storage)
. OPEX/ROI = Conversion to a methanol engine ®

= Replacement of an engine with a MeOH fuel cell

. Time | (including reformer)
- Complexity = On-board CCS
«  Performance/technical data after Retrofit = Operation using biofuels O

*  Flexibility
« Logistics
- Life Cycle Assessment

—
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Use Case example - Y @/

Phase 2 - Utility Value Analysis

Preferred solution

Conversiontoa Replacementof @ Conversiontoa @ Replacementof @ On-board CCS Operation using Weighting

hydrogen an engine with = methanol engine with a biofuels

engine (liquid an H, fuel cell engine MeOH fuel cell

storage) (liquid storage)
CAPEX / OPEX / ROI 2 2 5,5 3 4 6,5 0,2
Time 3 2 5 2 6 7 0,05
Complexity 2 1 2 6 7 0,15
Technical data after retrofit | 2 2 4,5 4 4 6 0,1
(performance)
Technical data after retrofit 6 6 4 4 2 4 0,15
(savings)
Flexibility 3 1,5 6 2 6 6 0,15
Logistics (supply chain) 1 1 2 2 6 4 0,05
Logistics (bunker port) 3 3 6 6 5,5 6 0,05
Logistics (bunker vessel) 1 1 5,5 5.5 6 0,05
Life cycle assessment 6 6 4 4 4 4 0,05

Overall Score 2,95 2,53 5.1 3,2 4,7 5.8

\
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Thank you for your attention!

Any questions?

Dr. Jonathan Kohler Maximiliane Lorenz, M. Sc. Dr.-Ing. Benjamin lligen
Nachhaltigkeit und Verkehrslogistik Anwendungszentrum
Infrastruktursysteme Wasserstoff

Fraunhofer IS Fraunhofer IML Fraunhofer IGP

Breslauerstr. 48 Joseph-von-Fraunhofer-Str. 2-4 Werftallee 13

76139 Karlsruhe 44227 Dortmund 18119 Rostock-Warnemunde

+49 151 1474 2117 +49 231 9743-209 +49 381 49682-230
|.koehler@isi.fraunhofer.de maximiliane.lorenz@iml.fraunhofer.de benjamin.illgen@igp.fraunhofer.de
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