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EXECUTIVE SUMMARY

The maritime industry faces a critical challenge: decar-
bonizing shipping while maintaining economic viability.
This compact whitepaper is a summary of a study carried
out by a working group. The author is New Energy 
Coalition, initiated by CMA CGM in 2019, brings 
together key players in international supply chains, 
including CMA CGM, PSA International, and ONET, 
to develop innovative decarbonization solutions for 
maritime, aviation, and road transport. It operates on two 
levels: solutions development (advancing new energy 
technologies) and mobilization (producing research and 
policy guidance to shape regulatory frameworks).

The study, on which this whitepaper is based, examines 
nuclear energy as one possible solution among several
decarbonization pathways. We at Bureau Veritas ac-
knowledge that safety is paramount – and that energy 
solutions are rarely simple. Some reactor designs are 
already operational. Others are advancing rapidly through 
development stages. The obstacles are not primarily 
technological but regulatory and institutional: emer-
gency planning zones, radioactive waste management, 
crew training standards, cybersecurity integration, and 
insurance frameworks must be addressed before com-
mercial deployment becomes feasible.

At Bureau Veritas, we maintain a neutral stance. Our role 
is to provide objective guidance and classifi cation sup-
port – not advocacy. We examine all possible zero-emis-
sion technologies and help our customers navigate the 
complex pathway to decarbonization.
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We are not revisiting the failed experi-
ments of the 1960s. The technology has 
fundamentally changed. This whitepaper 
examines a different technology entirely 
– Generation III+ and Generation IV Small 
Modular Reactors (SMRs). These repre-
sent a generational leap in safety, effi cien-
cy, and operational capability compared 

to the pressurized water reactors of de-
cades past. Three reactor designs are 
already operational today:  the Chinese 
HTR-PM (10 MW), the Russian KLT-40S 
(40 MW), and the Russian RITM-200 
(55 MW). These demonstrate that SMRs 
are not theoretical – they are opera-
ting reliably, generating electricity today.

INTRODUCTION: 
WHY EXAMINE NUCLEAR 
POWER AT SEA NOW?

“Anybody serious about 
decarbonization must 
explore all possibilities.”

Learning from the Past
Nuclear propulsion for ships is not new. 
Three prototype nuclear merchant ves-
sels operated in the 1960s and 1970s –
the MS Savannah, MS Otto Hahn, 
and MS Mutsu – demonstrating tech-
nical feasibility. A small fleet of Arctic 
icebreakers has operated continuously 
since the 1950s.

Over 770 nuclear reactors have been de-
ployed at sea, primarily in military applica-
tions, with an excellent safety record. Yet 
the commercial case failed. High costs, 
public skepticism, and the absence of 
international liability conventions made 
nuclear shipping economically unviable. 
For decades, only military vessels and 
Russian icebreakers continued operating 
nuclear reactors at sea.
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Regulatory Imperative and Policy Signals
The International Maritime Organization’s (IMO) 2023 GHG Strategy 
sets out the commitment of the international shipping industry to 
achieving net-zero emissions by 2050. 

This strategy is binding on member states. The European Union 
has offi cially classifi ed nuclear energy as "strategic" for decarboni-
zation. These policy signals create an environment where all possible 
solutions, including nuclear power, must be examined seriously. 

The regulatory evolution is clear. Since the 2000s, Emission Control 
Areas (ECAs) have progressively limited sulfur oxides (SOx) and ni-
trogen oxides (NOx). The 2020 IMO sulfur rule slashed permitted fuel 
sulfur content from 3.5 % to 0.5 %. The FuelEU regulation, effective
since 2025, requires ports to provide "cold ironing" – electrical 
power from shore to berthed vessels. These are regulatory require-
ments that will reshape maritime operations within this decade.

Technological Advancement
Modern SMRs promise improved passive safety. They can shut down 
safely without active systems or human intervention. They offer 
longer refueling intervals, reducing operational disruptions. Some 
designs promise emergency zones and distances limited to site 
boundaries rather than large radius zones currently recommend-
ed by the International Atomic Energy Agency (IAEA). These are 
transformative changes, not incremental improvements.

Political Backing and Momentum
At the 28th United Nations Climate Change Conference (COP28), 
more than twenty countries committed to tripling their nuclear ener-
gy capacity. While this commitment extends to land-based reactors, 
it creates political momentum that can transition to maritime applica-
tions. The political will now exists to explore nuclear solutions seriously.

1

2

3

WHY CONSIDER 
NUCLEAR NOW?
THREE FACTORS CONVERGE TO CREATE A 
FUNDAMENTALLY DIFFERENT ENVIRONMENT:
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Why Alternative Fuels Alone
Will Not Suffi ce
International shipping consumes 230–250 
million tons of fuel annually. Current pro-
jections suggest that worldwide alterna-
tive fuel production will increase immense-
ly, but this will not be suffi cient when you 
consider who else needs these fuels.
Aviation requires alternative fuels. Heavy 
industry requires them. Road transport 
increasingly demands them. Every hard-
to-decarbonize sector competes for the 
same limited supply. 

According to current forecasts, ship-
ping alone could require one-third of 
global alternative fuel production – 
despite representing only about 3 % 
of current global energy consumption.

Strategic Reality: A Mixed 
Energy Approach is Necessary
This is not an argument against alter-
native fuels. Rather, it is recognition that 
energy solutions must be diversifi ed. The 
maritime decarbonization pathway will 
not be singular – it will be plural. Some 
vessels will operate on green hydrogen or 
ammonia. 

Others will use e-fuels. Port operations 
will rely on renewable electricity. And 
some segment of the fleet, particularly 
large cargo vessels on long international 
routes, should consider nuclear propul-
sion as part of a comprehensive energy 
strategy. All possible solutions, including 
nuclear, must be taken into consideration 
and examined carefully.

Which Vessels Make Strategic Sense?
From an emissions reduction perspective, 
the focus should be on the cargo-carry-
ing fleet: containerships, oil tankers, and 
bulk carriers. These three vessel types 
account for approximately 80 % of inter-
national maritime CO

2
 emissions. A single 

large containership emits 160–180 tons 
of CO

2
 per day. A very large crude carrier 

(VLCC) emits 180–200 tons daily.

Replacing these vessels with nuclear pro-
pulsion would yield enormous emissions 
reductions. Cruise ships should also be 
considered. They navigate in Emission 
Control Areas and face increasingly strin-
gent requirements for zero emissions 
while in port. Nuclear propulsion would 
eliminate these regulatory challenges 
entirely.
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THE ENERGY 
TRANSITION 
CHALLENGE
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BY 2050, THE LEVELIZED-COST OF ELECTRICITY (LCOE) OF THE NTH-

OF-A-KIND SMR COULD BE COST COMPETITIVE WITH THE COST OF 

FUEL PRODUCTION OF ALTERNATIVE FUELS

BY 2050, THE LEVELIZED-COST OF ELECTRICITY (LCOE) OF THE NTH-

OF-A-KIND SMR COULD BE COST COMPETITIVE WITH THE COST OF 

FUEL PRODUCTION OF ALTERNATIVE FUELS

Ports and Cold Ironing
Ports face their own decarbonization 
pressures. FuelEU requires ports to pro-
vide cold ironing – electrical power from 
shore – to vessels at berth. While this 
represents only about 10 % of total port 
electricity demand, it still requires additio-
nal power capacity for major ports. 

Port-based SMRs may offer an elegant 
solution. A 50–100 MW reactor could 

supply port operations, cold ironing 
infrastructure, and potentially produce 
green hydrogen or other low-carbon fuels 
for smaller vessels. Ports that deploy their 
own SMRs would gain competitive advan-
tage: they could meet regulatory require-
ments independently, reduce operating 
costs, and attract shipping lines seeking 
zero-emission solutions.

By 2050, the Levelized-Cost of Electricity (LCOE) of the SMR could be cost 
competitive with the cost of fuel production of alternative fuels.

Overview of cost projections to generate 1MWh of energy
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“Energy solutions must be diversifi ed. 
The maritime decarbonization pathway 
will not be singular.”
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THREE NUCLEAR 
APPLICATIONS AT SEA

1
2

3

Marine Propulsion
Using reactors to power large international cargo 
vessels. Technically, any ship with installed power 
above 30 MW could operate with nuclear propul-
sion. Strategically, the focus should be on cargo 
vessels which account for approximately 80 % of 
maritime CO

2
 emissions.

Floating and Transportable Nuclear 
Power Plants (FNPPs and TNPPs)
Stationary or mobile nuclear units deployed in 
coastal waters or remote regions are another 
possible nuclear application. The “Akademik 
Lomonosov”, a Russian FNPP with two 35 MW 
reactors, has operated in Siberia since 2020, pro-
viding electricity and heat for Arctic operations. 
This demonstrates technical viability and opera-
tional reliability.

Port-Based Small Modular Reactors
Small modular reactors (SMRs) installed at port 
facilities can provide electricity for port opera-
tions, cold ironing infrastructure, and low-carbon 
fuel production. A 50–100 MW port-based SMR 
could supply power to cargo handling equipment, 
port infrastructure, and docked vessels.
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The deployment of nuclear propulsion 
already has a legal foundation, though 
it is incomplete and unevenly applied. 
SOLAS Chapter VIII (1960, revi-
sed 1974) is the primary International 
Convention for the Safety of Life at Sea 
governing nuclear ships. The Code of 
Safety for Nuclear Merchant Ships (1981, 
Resolution A.491(XII)) contains de-
tailed technical requirements but was 
developed exclusively for pressurized 
water reactors and does not address 
SMRs or advanced modular reactors.

IAEA Safety Standards address land-
based reactors and transport of packaged 
radioactive materials. They do not specifi -
cally address maritime applications or 
transportable nuclear units.

The 1962 Brussels Convention was inten-
ded to establish liability frameworks for 
nuclear ships, analogous to the Vienna 
and Paris Conventions for land-based 
reactors. It was never ratifi ed. This is a 
critical gap that has prevented maritime 
nuclear insurance from developing.

The IAEA governs nuclear safety 

and security standards globally, 

while the IMO regulates maritime 

shipping. For nuclear-powered 

vessels, both organizations are 

coordinating regulatory frame-

works – particularly for emerging 

Small Modular Reactor (SMR) 

technology – to ensure consistent 

safety standards.

REGULATORY FRAMEWORK: 
ESTABLISHING 
THE FOUNDATION

ALIGNMENT BETWEEN THE IMO AND THE IAEA

CURRENT REGULATORY STATUS

Maritime Law

Nuclear Law
e.g. Convention on
nuclear safety (CNS)

e.g. UN Convention of
the Law Of the Sea

e.g. SOLAS
Chapter VIII:

Nuclear ships
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“Shipping, as a backbone 
of global trade, must 
contribute to climate 
mitigation.”

REGULATION LEVELS

10

Local authorities

(incl. port & canal authorities, 
territorial governing bodies, 

prefectoral orders,…)

National Regulatory 
Authority

Government / 
Minister

Classifi cation 
societies

National

Regional

(e.g., EU)

International

Local
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The current expectation is to have an approved new revision in 2030 entry
into force in 2032.

THE TIMELINE

The IMO’s Regulatory Initiative: 
SDC 12 Workplan
In April 2025, the IMO’s Sub-Committee 
on Ship Design and Construction (SDC 
12) approved a comprehensive work-
plan for updating the Nuclear Code and 
SOLAS Chapter VIII. This is a watershed 
moment for maritime nuclear regulation.

Until 2027:
A Correspondence Group will collect 
hazard identifi cation studies, inventory 
regulatory gaps, and identify technical 
challenges. The IAEA will participate.

2027–2030:
A Working Group on GHG Safety will 
develop regulatory requirements using a 
tiered approach: goals (Tier I), functional 
requirements (Tier II), means of verifi -
cation (Tier III), and prescriptive require-
ments (Tier IV).

2030:
Revised Nuclear Code and amended 
SOLAS Chapter VIII should be completed.

2032:
If approved by MSC 117 and adop-
ted by MSC 118, amendments could
enter into force.

Key Debate:
Delegations disagreed on whether the revision should use goal-based standards, which 
are flexible and future-proof and enable innovation, or prescriptive requirements, which 
are clear and proven and minimize risk. The compromise adopted a hybrid approach. 
Tiers I–III use a goal-based methodology and Tier IV provides prescriptive require-
ments. Different standards apply to established technologies and innovative designs.
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CRITICAL REGULATORY GAPS: 
SOLUTIONS REQUIRED 

The Challenge The Solution

IAE A safety standards recommend emergency plan-
ning zones of 3–5 kilometers around nuclear reactors. 
For port-based reactors, a 5 km radius could encom-
pass hundreds of thousands of people. For ships, eva-
cuation in case of a nuclear incident is a challenge to 
be safely resolved.

Generation III+ and Generation IV SMRs promise to 
demonstrate that EPZs can be reduced to site boun-
daries. Several designers have begun demonstrating 
this with national regulators. Canada uses a “Safety 
Case“ approach where operators demonstrate the 
necessary EPZ based on defi ned criteria rather than 
applying prescriptive IAEA recommendations.

EMERGENCY PLANNING ZONES (EPZS)

The Challenge The Solution

Most SMR developers have devoted limited 
attention to waste management. Guidance is 
needed for processing, storage, and disposal
of spent fuel, as well as for decommissioning entire 
reactors.

Multiple pathways exist and can be developed 
in parallel:
•    Dry Cask Storage: Proven technology for interim 

storage in sealed containers. Suitable for 50+ years.
•    Interim Storage Facilities: Centralized storage at 

designated ports.
•    Deep Geological Repositories: Long-term disposal 

in stable geological formations. 
•    Fuel Recycling: Generation IV reactors can burn 

existing nuclear waste, reducing disposal volumes.

RADIOACTIVE WASTE AND SPENT FUEL MANAGEMENT

TO ENABLE MARITIME NUCLEAR DEPLOYMENT, SEVERAL CRITICAL 
REGULATORY AREAS MUST BE ADDRESSED. 

12

  CREW TRAINING AND QUALIFICATIONS

The Challenge The Solution

The STCW Convention (Standards of Training, 
Certifi cation and Watchkeeping) contains no provi-
sions for crew on nuclear-powered vessels. There are 
no international standards for reactor operator trai-
ning, radiological protection, or emergency response.

Why this matters
This is not a technical detail. Crew competence deter-
mines operational safety.

New STCW amendments must be established:
•    Specifi c training programs for reactor operators.
•    Qualifi cation standards for radiological protection 

personnel.
•    Emergency response and safety protocols.
•    International harmonization of certifi cates.
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The Challenge The Solution

Nuclear reactors are critical infrastructure vulnerable
to cyberattacks. Ships are particularly exposed, with 
multiple systems (navigation, communication, cargo 
management) potentially providing attack vectors.

Robust cybersecurity requirements must be inte-
grated into international nuclear security frameworks:
•    Segregated networks (reactor control systems 

isolated from ship navigation systems).
•   Multi-factor authentication for all access.
•    Intrusion detection systems operating in real-time.
•    Redundant backup systems independent of 

networked infrastructure.

Monitoring: The EU’s NIS 2 Directive (2023) and the 
upcoming Cyber Resilience Act establish baseline 
standards that should inform maritime nuclear 
cybersecurity requirements. 

The Challenge The Solution

This is the most critical obstacle to commercial de-
ployment. There is currently no standardized mariti-
me insurance covering nuclear material transport or 
nuclear risks. Insurers routinely exclude nuclear ha-
zards from maritime policies.

The 1962 Brussels Convention was intended to es-
tablish liability caps and insurance pools for nuclear 
ships. It was never ratifi ed. Without an international 
liability framework, insurers cannot assess risk, and 
shipowners cannot obtain coverage.

Multiple pathways are possible:
•    Ratify and modernize the 1962 Brussels 

Convention: Establish international liability 
caps and insurance pools.

•    Establish a Nuclear Insurance Pool: Create a 
consortium of insurers willing to cover 
maritime nuclear risks, with liability caps and 
reinsurance mechanisms.

•    State Indemnifi cation: For pilot projects 
(2035–2040), governments could guarantee liabili-
ty coverage, reducing insurer risk. 

CYBERSECURITY INTEGRATION

INSURANCE AND LIABILITY

  PUBLIC PERCEPTION AND SOCIAL LICENSE TO OPERATE

The Challenge The Solution

Nuclear energy faces persistent public skepti-
cism, particularly in maritime contexts where
accidents could affect populated coastal
areas. Ports and local communities may resist 
nuclear vessel operations or port-based SMRs. 

Why this matters
Even technically sound solutions cannot proceed 
without public acceptance. Early engagement with 
port communities, environmental organizations, and 
local governments will be critical to building the social 
license necessary for deployment.

Transparent communication and stakeholder engage-
ment are essential:
•    Public education campaigns emphasizing opera-

tional safety records and modern design improve-
ments.

•    Port community consultation before deployment 
decisions.

•    Independent safety assessments and regular 
public reporting.

•    Clear emergency response protocols and commu-
nity preparedness plans.

•    Involvement of local authorities in regulatory over-
sight.

TO ENABLE MARITIME NUCLEAR DEPLOYMENT, SEVERAL CRITICAL 
REGULATORY AREAS MUST BE ADDRESSED. 

13
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Three reactor designs are currently operational, demonstrating that 
SMRs are not theoretical. Analysis of 160+ SMR projects globally reveals 
signifi cant variation in technological maturity:

•   For marine propulsion: Two designs are commercially ready (RITM-
200, KLT-40S), eight are in demonstration/validation phases, and ten 
are in early development.

•   For coastal power generation: One design is commercially ready 
(HTR-PM), ten are in demonstration phases, and fourteen are in early 
development.

The Key Insight: Technology is evolving gradually but surely. 

TECHNOLOGICAL 
READINESS AND 
DEPLOYMENT TIMELINE

BUREAU VERITAS | Whitepaper Maritime Nuclear Power 2026

“We at Bureau Veritas recognize our 
obligation to carefully consider the 
pros and cons and fulfill our promise 
to clients: to help you find your 
path forward.”
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Several ports and routes could serve 
as early adopters for nuclear maritime 
applications.

Local or regional routes within national 
waters are lowest-risk. Countries with 
well-developed nuclear regulatory frame-
works and ratifi ed SOLAS Chapter VIII 
could establish designated ports for 
nuclear vessels. Bilateral trading routes 
through international waters represent 
a moderate-risk pathway. International 
routes from Asia to Europe represent the 
most ambitious scenario, requiring mul-
tiple countries to maintain favorable regu-
latory environments.

Candidate ports include Le Havre 
(France), with a well-developed nuclear 
regulatory framework and recent accele-
ration law for nuclear facility construction; 
US West Coast ports (Los Angeles, Long 
Beach), benefi ting from broad federal 
nuclear regulations and the Price-Ander-
son Act; China, with demonstrated rapid 
deployment of nuclear infrastructure; and 
Singapore, as a global maritime hub with 
long-term planning horizons.

FIRST-
MOVER 
PORTS AND 
ROUTES
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Nuclear-powered vessels require more 
than good design. They require an entire 
ecosystem.

When reactor manufacturers expand 
production capacity, shipbuilders would 
need to acquire nuclear competency. 
Specialized suppliers would have to de-
velop maritime-specifi c components, 

decommissioning sites would be 
necessary to safely retire vessels at 
end-of-life. Dry-docking facilities must be
equipped to handle radioactive systems. 
Training academies will have to intensely 
prepare crews.

This is not a technical problem. It is an 
industrial organization challenge. 

Multiple shipbuilders, reactor designers, 
and ports have announced interest in 
nuclear maritime applications. Shipbuild-
ers as well as reactor designers are ad-
vancing marine-focused designs. At the 
international level, the IAEA has launched 
the ATLAS initiative (Atomic Technology 
License at Sea) in 2025. 

IMO’s Sub-Committee on Ship Design 
and Construction (SDC) 12 has approved 
a comprehensive workplan for updating 
the Nuclear Code. The newly founded 
Nuclear Energy Maritime Organization
(NEMO) is gaining relevance. The 
European Maritime Safety Authority 
(EMSA) published a nuclear report in 
2024.

BUILDING THE FOUNDATION: 
SUPPLY CHAIN AND 
INFRASTRUCTURE

INDUSTRY MOMENTUM
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With coordinated effort from regulators, industry, and governments, commercial 
deployment of nuclear-powered vessels could begin around 2045. This timeline is 
tentative and depends on progress across multiple fronts: regulatory harmonization, 
insurance mechanisms, and supply chain development.

Progress will be indicated by four key milestones:

Each of these developments would send powerful messages to regulators, 
policymakers, and industry that nuclear in the maritime has solid backing to 
become an industrial reality.

The International Atomic Energy Agency (IAEA) offi cially laun-
ches Atomic Technology License at Sea (ATLAS) with clear state 
member and industry support, and in collaboration with the International 
Maritime Organization (IMO)

The IMO formally approves the Nuclear Code revision

The insurance community reopens the 1962 Brussels Convention

Financial institutions recognize nuclear energy as equivalent to renewable 
energy

FOUR MILESTONES 
WILL INDICATE WHETHER 
MARITIME NUCLEAR DEPLOYMENT 
IS BECOMING A REALITY:

1

2
3
4
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Nuclear energy may play a meaning-
ful role in maritime decarbonization. It is 
worth exploring in how far nuclear power 
represents a viable energy solution along-
side other decarbonization pathways.

Technology is increasingly operational, 
regulatory frameworks are emerging, and 
industry interest is growing. Commercial 
deployment of nuclear-powered vessels 
could begin around 2040–2045, with port-
based SMRs emerging earlier if the four 
critical areas receive the well-deserved 
attention: radioactive waste management, 
crew training and qualifi cations, cyberse-
curity, and insurance/liability frameworks. 

Addressing these challenges will be 
crucial in creating a comprehensive and 
secure framework for implementing nuc-
lear technology in the maritime sector. 
By 2050, nuclear energy could contribu-
te meaningfully to maritime decarboni-
zation. But only if the industry works 
closely together with regulators, insurers, 
and international bodies to develop so-
lutions that ensure safety, security, and 
economic viability of nuclear-powered 
maritime operations. 

At Bureau Veritas, we continue to 
fulfi ll our role in supporting the shipping 
industry as it fi nds its path towards a 
decarbonized maritime future.

CONCLUSION: EXAMINING 
THE POSSIBILITIES
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