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| CONTENT

▪ Introduction

▪ Considerations regarding nuclear power use in maritime and offshore domains

▪ A Dutch approach: NuclearDrive

▪ In summary
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| NUCLEAR POWER IS (TO BE) A STRATEGIC ASSET FOR THE M&O ECOSYSTEM

3

▪ Maritime and off-shore (M&O) business is set for 

important developments given:

o Decarbonisation aim of M&O sector by 2050i, set by IMO and 

EU

o Strategic autonomy for energy and assets

▪ Long-range following geo-political and economic 

developments

▪ Availability CO2 neutral fuels

▪ Increased resource mining (materials, wind, …) at 

deep-sea sites

o Military importance

▪ Maritime and Offshore being a strategic business 

ecosystem in a variety of regions/countries

i https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx

Vision

A decarbonised maritime and off-shore business is an essential 

component in our sustainable future optimising international trade, 

strengthening resource sustainability while securing our peaceful future

Mission for many players

To develop and deploy a nuclear power solution for the maritime and off-shore 

business by the early 2030’s by

• demonstrating an integrated nuclear power-ed energy system in a pilot-

application in representative M&O conditions by the early 2030s

• develop a nuclear-powered maritime ecosystem

• deploy a lasting strategic business value

https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx
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| THE MARITIME AND NAVAL PERSPECTIVE

MOTIVATIONS FOR NUCLEAR ENERGY

▪ Emission-Free energy systems for ships

with high power demand and large energy 

requirements
o Decarbonised 25-200 MWe

o Worldwide strategic autonomy of ships for remote 

destinations, 3 months+ without refuelling

o Alternative fuels relatively low energy density and 

limited availability worldwide

o Safety aspects of alternative fuels

▪ Additional for naval designs: 
o Abundant energy for onboard energy buffers: 

batteries for high-energy weapons, hydrogen for

drones

o Sustained high naval vessel speeds

▪ Propulsion vs power generation
o Laws and regulations for propulsion more complex 

than for offshore energy production

▪ In essence not limited to maritime

applications: 
o Heat and electricity from nuclear source suitable

for production of electricity, hydrogen and 

derivatives

o Nuclear Heat applicable for Process Industry

4

Prime Energy 

Source Objective
Position

Power 

Requirements

Heat 

Requirements

Specific 

Requirements

Possibilities

Special 
Purpose 
Ships

• Electrification of 

equipment and 

propulsion

• Process heat

• Long-term 

operations in 

oceanic conditions

• Long-term energy 

independency

~80 – 160 MWe Case specific
High multi-axe 

movements

Special 
Cargo Ships

• Electrification of 

equipment and 

propulsion

Higher payload by 

removal of stacks

Low multi-axe 

movements 

Deep-sea 
mining 
operations

• Electrification of 

equipment and 

propulsion

• Process heat

• Long-term 

operations in 

oceanic conditions

• Long-term energy 

independency

Case specific 

Low multi-axe 

movements 

(except during A-

to-B 

displacements)

Dredging 
ships

• Electrification of 

equipment and 

propulsion

• Long-term 

operations in 

shallow water 

conditions

• Long-term energy 

independency

~40 – 80 MWe 

(units of 20 MWe)
-

Low multi-axe 

movements 

(except during A-

to-B 

displacements)

Marine

• Electrification of 

equipment, weapon 

systems and 

propulsion

• Production of H2 for 

equipment systems

• Long-term 

operations in 

various conditions

• Long-term energy 

independency

multi-units of ~10-

20 MWe/unit
• H2 production

High multi-axe 

movements

Container 
ships

• Propulsion

• Transport across 

the globe

• Higher speeds 

potential

~80 – 160 MWe
Higher speeds 

made possible 

(de-risking routes)
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| A VARIETY OF CONSIDERATIONS TO BE MADE

▪ Nuclear-21 undertook a 

comprehensive analysis of

o The different regulations

o The challenges and paths forward

Nuclear Reactor Operator

Nuclear Insurance

Nuclear Services

Nuclear Licensee

Nuclear Reactor Owner

(re)Fuel(ing)

Ship Owner

Ship Services

Ship Insurance

Nuclear Certification Body Maritime Certification Body

Waste management

O&M

Ship Operator

Ship Flag (jurisdiction)

Nuclear Regulatory Body

Decommissioning

Off-Site Team

On-Site Team

Captain also licensed reactor operator?

Nuclear & 

Maritime 

Regulation

Nuclear 

Reactor 

Technology

Business 

Strategy
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| WHAT IS CONSIDERABLE BY EARLY 2030’S ?

▪ Nuclear-Powered Energy System Module (NPESM)

o As a modularised containerised system (nuclear reactor, intermediate loop, gas turbine, generator)

o Integratable on 
▪ Existing ships

▪ Power barge, e.g. for nearby mooring to FPSO or Power island

o Later-on fully integrated within propulsion system of, e.g., container vessels, marine fregats, ocean-going tugboats, special carrier vessels, …

2024 2030 2035 2040

NPESM as add-on module

Integrated NPESM

Incl Propulsion

Energy Island
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| DECISIONAL TREE FOR TECHNOLOGY SELECTION

▪ Encompasses

o Business use cases

o Key user requirements

o Nuclear reactor requirements

o Nuclear reactor technology 

selection
7

Dockable/

Movable

Power

Barge

Long-term	out	of

ports

Variable	Power

Demand

Frequent	Port

entry

Continuity/

Redundancy	of

Power

Generation

Long	Refueling	Interval	(5-8)

years)

Multi-units	w ith	1-2	year

refueling

Refueling	while	Vssel/Platform

(Maintenance)	is	in	port

Refueling	onboard	(1	week	of

non-production	by	platform)

out-of-port

Head

Special	Nuclear	Service	Vessel

performing	maintenance	/	fresh

fuel	&	spent	fuel	transport

On-board

NPP

Steam-Generation

Plant	on-Board

Steam-Generation

Plant	on	Power

Barge

After-heater	beyond	300	°C

(but	big	and	lumpy)

System

Redundancy

Multi-units	on

vessel

Continuous	Power

Power	Redundancy
2	or	more	Power-

Units	On-Board

Business	Use	Cases Key	User	Requirements Nuclear	Reactor	Requirements

Energy	Supply

Independency

(5-7	years)

Long-Term	Away-

from-Port

Operation

Long-Term

Stationary

Operations

Power	Demand

70	-	100	MWe

Future	200	MWe

Plannable	(stable/

basis)	Power

demand	via	peak

shaving

Weeks/Months

Away-from-Port

Operation

Operations	at

various	sites

demanding

propulsion

autonomy

Power	Demand

70	-	100	MWe

Plannable	though

variable	power

demand	(propulsion

versus	mission)

Multi-units	of

Power	Supply

Preferrable

Multi-units	of

Power	Supply

considerable	as

part	of	step-wise

deployment

One	large	Power

Unit	is	an	option

Electricity

Demand

Electricity

Demand

Propulsion	Power

can	be	optional

(power	for

positioning

required)

Propulsion	Power

required

On-Board

Power

Requirement

Side/nearby

Power-Barge	is

an	Option

Energy	Supply

Independency	but	frequent

port-visits	possible

Minimum	Power		 	40%	Nominal

Power

Power	changes	<	3%/min

Minimum	Power	<	40%	Nominal

Power

Power	changes	>	3%/min

Limited	#	of

Ports	Available

Back-Up	Power

during	Refueling

Back-Up	Power	onboard

(diesel	/	batteries)

Back-Up	Power	on

Service	Vessel	/	Port

Multi-Unit	Reactors	w ith

Phased	Maintenance/

Refueling

Can	be	more	comparible

with	critical	equipment

on-board

After-heater	beyond	300	°C

(but	big	and	lumpy)

Mission	Critical

Applications

H2	on-board

production

Power-Unit	per

vessel

compartment

Heat	>	500	°C	Requested

(more	compact)

But	Short-stays	in

Port	too	short	for

NPP-maintenance

&	Refueling

Hydrogen

Production

Specific

Heat/

Steam

Demand

Can	House	Nuclear	O&M

Service	Expertise	and

Equipment

Can	host	Refueling	and

SNF/Waste	management

services

Heat	Production	Facility	On-Board

Preference	Gas-

Turbines

Low 	Heat

Footprint

Steam

Turbine

Gas

Turbine

Short-Refueling

Intervals	via

"Battery"-

Replacement

Multi-units	w ith	5-8	years

refueling

NPP	in	Operational	Status

In	Port

NPP	in	non-Operational

Status

Out-of-Port

(Re)Fueled	in	Port

W ithout	Fuel

Maintenance

NPP

Refueling	NPP

Head

(Safety)	Emergency

Planning	Zone	(EPZ)

		(few)	100

meters

	(few)	km's

Planned

Unplanned

NPP	Energy	system	Redundancy

(e.g.	"4*33%"	or	"3*33%")

PWR

HTR

Operations	&	Maintenance

NPP	Energy	system	Compactness

Specialised	Nuclear

Port

Specialised	Nuclear

Island/Hub

Regular	Ports

(near	Urban/

Industrial	Zones)

Refueling	Core

Replacing	Core

Replacing	Reactor

Module

Vessel	in	High-

Seas

Vessel	nearby

Port

PWR	+	Steam	Turbine

Out-of-Port	and/or	Specialised

Nuclear	Ports	or	Hubs	Required	

Prismatic-Fuel	HTR	+	Gasturbine

Regular	Port	Maintenance	and

Refueling	Potential

Prismatic-Fuel

HTR	+	Gas

Turbine

PWR	+	Steam

Turbine

Safety	Considerations	in	non	high-sea

conditions

Safety	Case

(ref.	IMO	▪2.3	Environmental	Conditions)

DBA DEC EPZ

PWR = - -

HTR = + +

MSR = -	(-) -

LFR = -	- -

Electricity

Demand

Specific	Heat/

Steam	Demand

Multi-Units	

10-25	MWe/unit

Single/Double	Units

50	-	80	MWe/unit

Design	Basis	Threats

(DBT)
EPZ

PWR - -

HTR + +

MSR = -

LFR - -

Physical	Security	&	Security	Case

Safeguardability

PWR =

HTR =

MSR -

LFR -

Safeguards	Case

Safety	-	Security	-	Safeguards

Head

Energy	Supply	Services

High	T°	Heat

Electricity

Low 	T°	Heat

Fuel,	Fuel	Cycle	and	Waste	Management

Refueling	Core

Fuel	Cycle	Service

Company

Fresh	Nuclear

Fuel

Spent	Nuclear

Fuel

Radioactive	Waste

Nuclear	Reactor	&	Associated	Services	by	"NUCLEARDRIVE	BV"	as	Leasing	company

Nuclear	Reactor	Technology	Selection

Electricity

Demand

Specific

Heat/

Steam

Demand

5.	Container	Vessel

4a.	Dredging

4c.	Frigate

Use	Case	3

Off-Shore	Power

Generation

Use	Case	3

Nuclear

Maintenance	&

Refueling	Hub

Use	Case	2

FPSO	(FLNG)

20-years	Life

NPP	Power	on-

board

Use	Case	1a

Crane	Vessel	

Use	Case	1b

Deep-Sea

Mining	Platform

Small	Size	of

Power	Units

Compactness

!!

4b.	Seagoing

Tugboat	AHTS

At	most	2	units	on-

board	?

NPP	on-Board

being	a	must

Electricity

Demand

Demanding

Maritime

Conditions

Possible	high-g

motions	&

accelerations

Specific	Operational	Conditions
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| BUSINESS USE CASES TO KEY USER REQUIREMENTS

THESE DEFINE THE APPROPRIATE REACTOR TECHNOLOGY OPTION(S)

▪ Key user requirements

o Type of energy to be provided

o Specification of energy to be provided
▪ Expected power levels

▪ Do-able operational regimes for the nuclear reactors

▪ Load patterns 

▪ “Wished-for” unit-powers

o Energy Supply Redundancy
▪ Value for modularisation / multi-units

o Operational conditions
▪ Duration between nuclear maintenance/refueling operations

▪ Start from black-out conditions

o Compactness of the nuclear system
▪ On-deck / below-deck

o Safety & security regulatory requirements
▪ With impact on business models (e.g. addressable ports)

o Specific use conditions
▪ High motions & accelerations

STRICTLY BUSINESS CONFIDENTIAL 8



NuclearDrive: A Dutch Maritime Nuclear project

NuclearDrive Consortium in operation

• NuclearDrive consortium (21 partners): 

o Ship operators and maritime contractors

o (Naval) shipyards and make industry

o Port organisation

o Maritime system integrators

o Dutch maritime sectoral organisations

o Knowledge institutes

o 3 Classification Societies

STRICTLY BUSINESS CONFIDENTIAL 9

Phase Item Period

1 Feasibility Study Nov 23 – June 2024

2 Establish Framework for

Realisation

June 2024-June 2025

3a (FastTrack) Reactor Design and

construction

2025-2032

3b Optimisation and supportive

activities (Nucleardrive forum)

2025- 2032



A 25 MWe Maritime Nuclear Powered Energy System Module is prime 
option

• Preferred system: HTGR – intermediate loop – gas turbine
o HTGR prismatic & helium

✓ Robust for offshore application

✓ Small safety zone due to intrinsic safer fuel

✓ Refuelling 6-15 yearly

✓ Existing, not yet commercial

o Potentially molten salt intermediate loop

✓ Control energy production, dynamic loads, besides heat dumps and nuclear control

o Open cycle gas turbines

✓ Redundant configuration

✓ Modified open cycle marinized turbines

✓ Potential: supercritical CO2 turbine

• Electricity, (waste) heat and/ or H2

• Offshore, but also power/heat demanding onshore industries
o 25 MWe applicable to range of users: economy of scale

• Leasable item

• Rules update for IMO and IAEA required and started (first steps)

STRICTLY BUSINESS CONFIDENTIAL 10



Position amongst alternative fuels

• Safety

o Generation III+/ IV safe walk-away

o Safety awareness nuclear much higher than for conventional fuels
and the alternatives

✓ Reflected in rules, codes, permitting

✓ As a result: safest fuel/ energy (and yet not risk-less)

o Waste is persistent

✓ Limited amount (m3), but supra-generational responsibility

✓ New developments (re)use nuclear fuel

• Security

o Max 19.75% enriched: no risk for weapon grade material

o 7-15 years autonomy 

o Challenge: ownership government to commercial party

• Cost

o High CAPEX, low OPEX

✓ in the long term lower total cost of ownership than alternative fuels and fossil + ETS

STRICTLY BUSINESS CONFIDENTIAL 11
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THANKS FOR YOUR ATTENTION
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