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Concept & Initial design

New concept design
Feasibility assessment
Tender documentation packages

Third party pre-contract review
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Basic Design
General design

Hydrodynamics & model testing

Class documentation for approval
Naval Architecture
Structural Design
Mechanical Systems
Outfitting Design

Final documentation
Trials, Stability booklet & Manuals

Detail Design
Structural Detail Design
Outfitting Detail Design
3D model

Workshop documentation

Shipyard construction support




CONSULTANCY

Design basis &
specifications

Main Systems

Shipyard
assessmentand
selection
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Risk analyses,
FMEA, FMECA,
HAZID,HAZOP

Naval Architecture

Emissions
reduction

Hazardous
materials

Due dilligence

Hydrodynamic
performance

Technical support

to procurement
team

Cost estimation




R/V Emma Bardan R/V Miguel Oliver R/V Ramon Margalef

Requirements definition
Concept Design
Basic Engineering
Detail Design
Shipyard support
Life cycle support
Conversions
Owner representative
Construction survey

R/ VMarrgntino R/V Vizconde de Eza R/V David Packard
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IMPLEMENTATION OF ALTERNATIVE FUELS
AND DECARBONISATION TECHNOLOGIES IN
RESEARCH VESSELS

FROM REQUIREMENTS DEFINITION TO SHIP DELIVERY




DECARBONIZATION PATHWAYS
A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG
Strategy will require a mix of technical,
operational and innovative solutions

Ener savin measures applicable to ships. Some of them, along
gy g with indication on their approximate GHG
reduction potential, are highlighted below. 5-50% ;
Fleet upto T9%
management, 1-10% 2-50%  Extensive speed
‘ A loal Concept, optimization
gistics and Voyage
. ' incentives optiniztion speed and
R — P capability
5-15%

Power and
propulsion
systems

New energy sources
80-100% 2-20% 5-25%
Carbon Capture 35% 90% Hydrogen and Hull and Hull biofouling
90-90% Bio-LNG/LPG Bjofuel3rd  other synthetic 1-10% SUPErStruCture o cement
Full electric generation fuels Energy
management
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STORAGE REQUIREMENTS
FUELS .
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STORAGE REQUIREMENTS
FUELS

Future fuels have much lower density than Diesel

Overview Future Fuels & Emissions

. Hoavy h L :zl.'m,-lms
woight —
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Itiona Space or . e @ cnG 00 bar Yoo ¥, -253°C/6bar
. . N Sty P hore
cylindrical tanks » 2 , space 14:300 m?
.« e . 7.200 m*
These characteristics will +—— Idicles chango when ank shapo s inchdd R
o o NH
not improve in the future i Methanol P oL
-162°C/ 8 bar TM°/°H
amb / Pamb
Diesel T 2400w
Tou/ ) m? 4.000 m*
iz 2.400 m* 2.835m?
1.000 m? s ¢
Comparison of storage volume for the same energy amount and Liquid v—l—o Compressed
additional space for cylindric shaped tanks of cryogenic fuels o : rine
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ALTERNATIVE POWER GENERATION
FUEL CELLS

Electric_current Electric Current

===({il]) —
PEMFC SOFC Fuel in |E .—" Alr in FuelIn |8 ‘ Air In

== <= _
Working Temperature <120°C 500-1000 °C — — = g i =
Typical Stack Size 1 kW -100 kW 1kW -2 MW ' o- |
H; <
Electrical efficiency 50-60 % 50-65 % Unused 0= 0,
Excess air, water, FEch:essCl Uélused
dases
Power density volume ~ 100-600 kW/m? 3-10 kW/m? fuel out| and heat Water |HzO | Out
. . <= - <= =
Power density weight 200-400 kW/t <90 kW/t a1 athod <= j :
. .. Ano eE'E‘CtFﬂ"_‘,I'tE athode Anode | Cathode
Advantages Low Temperature High efficiency Electrolyte
Quick start-up and loading Fuel flexibility
rybridjeas turbine Proton Exchange Solid Oxide Fuel Cell
Challenges Sensitive to fuel impurities High temperature Membrane Fue| Ce"
Expensive catalysts Long start-up time
Slow load variations
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STORAGE REQUIREMENTS
ENERGY CONVERTERS

10 |
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2 1w
RAGONE CHART Combustion
: L engine, Gas
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STORAGE REQUIREMENTS
ENERGY CONVERTERS

Ragone Chart - Volumetric

* Similar tendency as gravimetric
 Typical ship autonomy 200-500 h

* SOFC (using MGO) competitive with
combustion engines in this range
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(a) Volumetric density of various maritime power plants.

This document is property of Seaplace and contains confidential information. It shall neither be distributed nor disclosed without written consent of Seaplace.




CARBON CAPTURE AND STORAGE METHODS

Carbon Capture methods: Temperature eceure Denrty
* Chemical AbSOI’ptIOI’] Compressed and -20 °F (-28.9 °C) 300 psi (20.4 bar) 67 Ib/ft* (1,073 kg/m?)
« Membrane Separation Refrigerated Liquid
. o o, : 3 3
o AdSOI’ptIOI‘I iun;?retssed Gasat | 110°F(43.3 °C) 800 psi (54.4 bar) 7.91 Ib/ft® (128 kg/m?>)
mbien 40 °F (4.4 °C) 800 psi (54.4 bar) 57.2 Ib/ft? (916 kg/m?)
* Cryogenic Separation Temperature
-10 °F (-23.3 °C) 800 psi (54.4 bar) 66.3 Ib/ft® (1,062 kg/m?)
) Oxy-FueI Separatlon Compressed Fluid at | 110 °F (43.3 °C) 3000 psi (204 bar) 51.7 Ib/fe (828 kg/m?)
Ambient o o . ; 5
Temperature 40°°F (4.4°C) 3000 psi (204 bar) 62.8 Ib/ft* 1,006 kg/m?)
-10 °F (-23.3°C) 3000 psi (204 bar) 69.2 Ib/ft* (1,108 kg/m?)
- Dry Ice Storage at -120 °F(-84.4 °C) 14.7 psia (1 bar absolute) | 97.5 Ib/ft* (1,562 kg/m?)
Ambient Pressure

Requires additional Power
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R/V RAMON MARGALEF
CASE STUDY

Vessel specifications

Length Overall 46,7 m
Beam (max) 10,5 m
Design Draught 4,0 m %ﬂ
Depth (working deck) 4,6 m
Installed Power (generators) 2150 kWe g@_z nys
Service speed 12 kn :
Max speed 13 kn
Endurance 10 days /3000 nm
s
Class Notation BV |+ HULL + MACH, SPECIAL SERVICE, .
UNRESTRICTED NAVIGATION,
+AUT-UMS, +ALM, +ALS
SYS-IBS, CLEANSHIP, CONF+, -
DINAPOS-AW/AT
Underwater Radiated Noise ICES 209
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R/V RAMON MARGALEF
CASE STUDY

Power Plant

* 3x850kW Gensets

« 1x200 kW Harbour generator
*  2x900 kW Propulsion motors
Total FO Capacity:

« 158 m3 -
« 134t S

CUBIERTA M° 1

/
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s

L
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i
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R/V RAMON MARGALEF
FO: 42,7 MJ/kg & 850 kg/m3 METHANOL PLANT

ME: 19,9 MJ/kg & 800 kg/m3
Total FO Capacity: 134t =
. 158m3 By
Equivalent Methanol Capacity: l
- 288t

* 359m3

Available 4-stroke dual fuel engines of 850 kW?
* Option of MCR>3000 kW + Batteries?

2,4 times more space for fuel storage

CUBIERTA N° 1

2-4 times more space for power plant if Impact analysis main
hybridization with batteries ~ dimensions of the research
vessel

Requirements definition
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R/V RAMON MARGALEF

Total FO Capacity:

« 134t

« 158m3

CFFO=3,206 (t-CO2/t-Fuel)
CO2 generated (assuming 90% of FO use):
- 387t

* 350-500m3 forstorage
The casing has less than 85 m3

Space requirements to allocate
carbon capture equipment

~330 kW extra power for carbon capture
process
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R/V RAMON MARGALEF

Approximate existing total enclosed volume
3.600m3

Methanol power plant and batteries
900-1.250 m3 extra

CO2 capture & storage
350-500 m3 CO2 storage extra

330 kW power requirement extra
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CONCLUSIONS

The implementation of alternative fuels requires a proper initial assessment based on:
* Physic-chemical characteristics of fuels

* Logistics

* Technology development status. Known available technology

* R/V operational profile

The impact on newbuildings to be considered from the initial requirements definition:
* Operation

* Maindimensions & power demand

* Economics

Opportunity to operate in full electric mode in specific operation profile
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