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Abstract

The International Atomic Energy Agency (IAEA) through its International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) assists Member States (MSs) in formulating comprehensive long-term strategies for the implementation of sustainable nuclear energy. There are several INPRO activities related to the deployment of transportable small modular reactors (SMRs). The first activity, completed in 2012, focused on the legal, institutional, and ownership-related challenges associated with deploying a transportable nuclear power plant (TNPP), analysed various technological options and deployment scenarios, identified challenges, and assessed the impact of TNPPs on recipient countries' infrastructure. This first activity explored two technical options for TNPPs: Option 1 a pre-assembled TNPP with fuelling, testing, maintenance, and decommissioning done at the supplier's factory and Option 2 a pre-assembled TNPP with non-nuclear testing done at the factory, maintained, fuelled, and refuelled on site. An ongoing second study, which began in 2015, delved deeper into these issues for Option 1, focusing on identifying gaps and providing more detailed analysis of legal and institutional challenges related to TNPP deployment. Furthermore, INPRO in collaboration with other IAEA departments organized the international Symposium on the Deployment of Floating Nuclear Power Plants – Benefits and Challenges (FNPPs) in November 2023, which are one type of TNPPs. 
1. introduction 
A transportable nuclear power plant represents a novel approach to meeting growing energy needs and are applicable in diverse settings for instance, in remote and harsh environments remote outposts in arctic regions, often reliant on transported diesel fuel or grid-based coal-fired plants, face high costs and pollution issues. 
[bookmark: _Ref169252758]As the global energy landscape evolves, the IAEA can play a pivotal role in advancing TNPP technologies and facilitating their safe and secure deployment. A TNPP is “a factory manufactured, transportable and/or relocatable nuclear power plant which, when fuelled, is capable of producing final energy products such as electricity, heat and desalinated water [[endnoteRef:1]].” This concept includes floating nuclear power plants (FNPP), which can be docked near energy demand centres, minimizing the need for extensive infrastructure. An advantage of TNPP is they can be manufactured in a factory and then shipped to sites or exported to other countries, which can support communities in getting electricity and other energy products.  [1: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Legal and Institutional Issues of Transportable Nuclear Power Plants: A Preliminary Study, IAEA Nuclear Energy Series No. NG-T-3.5, IAEA, Vienna (2013).] 

[bookmark: _Ref169275801]The “marine-based nuclear powers have been around since the mid-1960s, in naval facilities and nuclear icebreakers, the development of marine-based SMRs for various applications has been gaining momentum in recent years [[endnoteRef:2]].” [2: [] 	INTERNATIONAL ATOMIC ENERGY AGENCY, Small Modular Reactors for Marine-based Nuclear Power Plant, Technologies, Designs and Applications, IAEA, Vienna (2023),] 

According to IAEA publication, Legal and Institutional Issues of Transportable Nuclear Power Plants: A Preliminary Study, a TNPP includes the nuclear reactor, with or without fuel depending on the specific TNPP option, as well as the balance of the plant and, if necessary, fuel storage facilities. Although physically transportable, the TNPP is not designed to produce energy during transit or power the transportation itself. Once installed, whether land-based or floating, the TNPP serves various purposes in the host state, such as supplying electricity to remote areas, providing district heating, desalinating seawater, and producing hydrogen, while retaining the capability for relocation if needed [1]. Figures 1 and 2 show different types of TNPPs.
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FIG. 2. Flexblue NPP module in its operational position on the sea bottom [1].
FIG. 1. General view of a floating NPP with the two KLT-40 reactors [1].




Several countries are actively exploring and developing TNPPs and floating nuclear power plants (FNPPs) due to their ability to provide reliable and clean energy to remote and offshore locations [[endnoteRef:3]]. See Figure 3.  [3: []	Prodigy Clean Energy, Prodigy Speaks to Global Outlook on Floating Nuclear Power Plants (FNPPs) at the IAEA, https://www.prodigy.energy/most-recent/prodigy-speaks-at-fnpps-iaea-.] 


· Canada: Westinghouse and Prodigy are collaborating on FNPP with a first project by 2030 [[endnoteRef:4]] [4: [] 	WORLD NUCLEAR ASSOCIATION, Westinghouse and Prodigy collaborate on floating nuclear power plant, 24 January 2024 (accessed 14 June 2024) here: https://world-nuclear-news.org/Articles/Westinghouse-and-Prodigy-collaborate-on-floating-n] 

· China: had plans to deploy 3 floating nuclear reactors by 2025 [[endnoteRef:5]] [5: [] 	JHA, P., China floating nuclear power plants in South China Sea, Modern Diplomacy, 4 April 2023 here: https://moderndiplomacy.eu/2023/04/04/china-floating-nuclear-power-plants-in-south-china-sea/] 

· Denmark: Seaborg Technologies is a developing compact molten salt reactor (CMSR) to compliment variable energy sources and for deployment on barges [[endnoteRef:6]] [6: [] 	SEABORG, Rethinking nuclear, (accessed 14 June 2024) here: https://www.seaborg.com/] 

· South Korea: began looking at floating nuclear power plants in 2016 [[endnoteRef:7]], and is now working on the barge design for Seaborg Technologies CMSR [[endnoteRef:8]] [7: [] 	WORLD NUCLEAR ASSOCIATION, Nuclear Power in South Korea, updated 3 May 2024 (accessed 14 June 2024) here: https://world-nuclear.org/information-library/country-profiles/countries-o-s/south-korea]  [8: [] 	MANDRA, J. O., SHI, KHNP AND Seaborg to develop floating nuclear plants, Offshore Energy, 24 April 2023, https://www.offshore-energy.biz/shi-khnp-and-seaborg-to-develop-floating-nuclear-plants/ ] 

· Russia: Russia is a leader in this field, with its Akademik Lomonosov FNPP providing power in Arctic regions [[endnoteRef:9]]. [9: []	ROSATOM, Akademik Lomonosov floating nuclear power plant, https://fnpp.info/about.] 

· United States: Companies like Westinghouse are advancing microreactor technology for industrial use, especially in remote locations [[endnoteRef:10]]. [10: [] 	Westinghouse Electric Company LLC, https://info.westinghousenuclear.com/blog/delivering-nuclear-power-where-its-needed.] 
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FIG. 3. Countries that are designing marine-based SMRs [2]. 
2. the IAEA’s Role in supporting deployment of TNPP
The IAEA has several departments that contribute their specialized expertise and resources to support Member States in the future deployment in TNPPs. 
The Nuclear Energy (NE) Department serves as a hub for comprehensive support in all aspects of nuclear energy, including TNPPs. Through capacity-building initiatives, technical assistance programs, and knowledge-sharing platforms, NE facilitates the transfer of expertise and resources to Member States embarking on TNPP projects. By fostering international cooperation and collaboration, NE accelerates progress towards sustainable TNPP deployment and utilization. Within the NE Department is the Nuclear Power Technology and Development Section (NPTDS) which fosters “information exchange and collaborative research and development for advanced nuclear reactor technologies, this Section provides information to the IAEA’s Member States on technology status and development trends for advanced reactor systems and their applications [[endnoteRef:11]].” By providing guidance on innovative reactor technologies and engineering solutions, NE contributes to the development of TNPP systems. [11: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Nuclear Power Technology Development Section, (accessed 14 June 2024) here: https://www.iaea.org/about/organizational-structure/department-of-nuclear-energy/division-of-nuclear-power/nuclear-power-technology-development-section.] 

The INPRO section serves as a catalyst for innovation and collaboration in the realm of TNPPs, facilitating dialogue and knowledge exchange amongst stakeholders. Through targeted studies, workshops, and technical meetings, INPRO fosters a deeper understanding for future deployment of TNPP technologies and their potential benefits. By promoting international cooperation and consensus-building, INPRO accelerates progress towards sustainable TNPP deployment on a global scale.
The Nuclear Safety and Security (NS) Department leads efforts to address Safety and security aspects. Drawing on expertise in nuclear safety. “The protection of people, society and the environment from the harmful effects of ionizing radiation is at the heart of the Department for Nuclear Safety and Security’s work. Whether the cause is an unsafe act or a security breach, it aims at providing a strong, sustainable and visible global nuclear safety and security framework [[endnoteRef:12]].” [12: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Department of Nuclear Safety and Security, (accessed 14 June 2024) here:  https://www.iaea.org/about/organizational-structure/department-of-nuclear-safety-and-security.] 

The Office of Legal Affairs (OLA) “provides comprehensive legal services to the IAEA Director General, Secretariat, Policy-Making Organs and Member States to ensure that the Agency conducts its activities in accordance with applicable legal rules. It also performs depositary functions for many multilateral treaties and offers legislative assistance to Member States [[endnoteRef:13]].” [13: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Office of Legal Affairs, (accessed 14 June 2024) here: https://www.iaea.org/about/organizational-structure/offices-reporting-to-the-director-general/office-of-legal-affairs ] 

The Department of Safeguards (SG) “carries out the IAEA’s duties and responsibilities as the world’s nuclear inspectorate, supporting global efforts to stop the spread of nuclear weapons [[endnoteRef:14]].” plays a critical role in ensuring the peaceful use of nuclear materials. The SG Department ensures States are living up to the international commitments. IAEA SG can help with safeguards strategies for new SMR designs. Leveraging advanced safeguards methodologies and technologies. [14: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Department of Safeguards, (accessed 14 June 2024) here: https://www.iaea.org/about/organizational-structure/department-of-safeguards.] 

3. INPRO Case Study on transportable nuclear power plants: TNPP-1
[bookmark: _GoBack]The INPRO collaborative project on Transportable Nuclear Power Plants (TNPP-I) undertook a preliminary study from 2008 to 2013, documented in the NE Energy Series Technical Report No. NG-T-3.5 [1]. (Fig. 5). The study’s objectives were to:

(a) Examine legal and institutional challenges, including ownership and contracts, for TNPP deployment;
(b) Identify challenges; and
(c) Analyse the impact of TNPPs on the infrastructure of recipient countries. 
  
Two TNPP options and two scenarios for legal and institutional frameworks were considered:

· Option 1: Factory-assembled, fuelled, and tested reactors.
· Option 2: Factory-assembled and pre-tested reactors with on-site fuelling.
· Scenario 1: Supplier operates, and host state regulates.
· Scenario 2: Host state entity operates and regulates. 

[image: ]The study analysed these from various aspects: Infrastructure, Safeguards, Legal, Safety and Regulation, Security, and International Legal Instruments. Some of the findings from the report are safeguards are similar to non-transportable installations, requiring IAEA verification for nuclear weapon states to non-nuclear weapon state exports. Legal clarity is essential through treaties or existing laws. Transporting fuelled TNPPs poses safety challenges, and nuclear security requires state coordination. IAEA safety standards apply but may need adaptation [1].
The initiation of the second study stemmed from the conclusions drawn in TNPP-1, which highlighted significant gaps and inadequate coverage concerning factory-fuelled reactors. TNPP-1 also emphasized the importance of establishing clear and predictable legal frameworks through international treaties, as identified in the Supplier and Host states' interests [1]. Furthermore, the IAEA 57th General Conference resolution urged “the Secretariat to continue providing guidance for regulatory reviews of SMRs of various designs [[endnoteRef:15]]”, including TNPPs. Building on these directives, the 22nd INPRO Steering Committee meeting, June 2014, agreed to launch the TNPP phase II, now titled the "Case Study for Deployment of a Factory Fuelled SMR," prompting the initiation of the second study to delve deeper into regulatory and deployment challenges surrounding TNPPs, referred to as the TNPP-2 study. [15: []	INTERNATIONAL ATOMIC ENERGY AGENCY, General Conference resolution, IAEA, GC(57)/RES/12, (Sep. 2013).] 
FIG. 5. IAEA Nuclear Energy Series No. NG-T-3.5.[1]

4. INPRO Case Study on transportable nuclear power plants: TNPP-2
The "INPRO Case Study for the Deployment of a Factory Fuelled Small Modular Reactors (SMR)” – TNPP-2, initiated in 2015, marks a collaborative effort between Member States (MSs) and various IAEA departments (NE, SG, NS, and OLA). This comprehensive study aims to examine the legal and institutional intricacies surrounding the export deployment of a specific type of Transportable Nuclear Power Plant (TNPP) with a factory-fuelled, tested, and sealed reactor, while also investigating broader aspects of transportable and modular reactor facilities [[endnoteRef:16]]. [16: []	A.Bychkov, A.Boyer. INPRO Studies on Transportable Nuclear Power Plants and Modules and Key Legal Issues for Their Regulations.  Proc. Int. Conf. on Topical Issues in Nuclear Installation Safety: Strengthening Safety of Evolutionary and Innovative Reactor Designs. 18-21 October 2022, Vienna, paper No.169, IAEA, in publication. ] 

Participating Member States contributed to various tasks throughout the study's timeline. The study progressed through several stages, including consultancy meetings (CMs) from 2015 to 2016, Draft Programme Project (DPP) approval in 2017 for future TECDOC, drafting stages from 2017 to 2019, and final editorial work and publication process initiation in 2021-2022.
A critical focus of the study is on the export challenges faced by transportable nuclear modules (or small module reactors [SMRs]) intended for deployment. These challenges span the entire lifecycle of the fuelled reactor, including production, transportation, commissioning, operation, and decommissioning. The transportable nuclear modules require compliance with Safeguards Agreements, international legal norms, and IAEA safety standards and security guidelines. The study also delves into three case studies involving underwater, floating, and land-based transportable nuclear reactors/modules, examining scenarios where reactors are loaded with nuclear fuel in a Supplier State, tested, and sealed, and then relocated and operated in a Host State. Special attention is given to legislative, safety, licensing, safeguards, security, staffing, and training issues, analysing the applicability of international safety standards, licensing processes, and nuclear security recommendations to factory-fuelled SMRs. The study examined civil liability, licensing, physical protection, non-proliferation, safeguards, and personnel management, and identified gaps to be addressed to ensure a comprehensive and coordinated approach throughout the lifecycle of the transportable nuclear module/power plant [[endnoteRef:17]]. The study is currently in the publication process. [17: []	A.Bychkov, B.Boyer. INPRO Studies on Transportable Nuclear Power Plants and Modules: Key Issues for Transportation and Regulations. Proceedings of the 20th International Symposium on the Packaging and Transportation of Radioactive Materials (PATRAM22), 11-15 June 2023, Juan-les-Pins, France (2023), paper No.115.] 

 Summary of International Symposium on the Deployment of Floating Nuclear Power Plants – Benefits and Challenges.
The first-ever IAEA International Symposium on Floating Nuclear Power Plants (FNPPs) gathered 168 participants from 44 Member States and four International Organizations. This event brought together a wide range of stakeholders essential to the development and deployment of FNPPs, including representatives from the nuclear and maritime industries, regulatory bodies, maritime classification societies, and legal experts. INPRO along with NS and other departments played a key role in organizing the symposium.
The symposium achieved several significant outcomes, notably increasing awareness of key stakeholders, their challenges, and the need for enhanced coordination and awareness-building. A consensus emerged on the necessity of uniting major stakeholders under a coordinated or cooperative framework. See figure 6. 

[image: ]
             FIG. 6. Photograph from the symposium of floating nuclear power plant, IAEA,Vienna (2023) [[endnoteRef:18]]  [18: []	INTERNATIONAL ATOMIC ENERGY AGENCY, Floating Nuclear Power Plants: Benefits and Challenges discussed at IAEA Symposium, https://www.iaea.org/newscenter/news/floating-nuclear-power-plants-benefits-and-challenges-discussed-at-iaea-symposium 
] 


Participants highlighted four key areas for focused attention in future FNPP projects, listed below. 

· Industry Cooperation: Collaboration between reactor developers/vendors and shipyard companies is crucial for the serial production of FNPPs in shipyards. Utilizing the shipyard model's proven efficiency in serial production under stringent quality standards is essential for integrating nuclear quality and standards effectively.
· Regulatory Cooperation: Effective regulatory cooperation involves the IAEA, International Maritime Organization (IMO), national nuclear and maritime regulators, and maritime classification societies. Despite examples of successful cooperation, such as the licensing of the Akademik Lomonosov in Russia, international collaboration is vital for FNPP export licensing. A joint approach among the IAEA, IMO, and maritime classification societies is envisioned to develop modern safety standards tailored to FNPPs.
· Industry/Regulatory Coordination: Early coordination between industry and regulators is crucial to ensure regulatory readiness for FNPP licensing. The unique challenges of serial production and international export highlight the need for synchronized regulatory frameworks across exporting and importing countries.
· Safety, Security, and Safeguards (3S): FNPPs require the early integration of safety, security, and safeguards into the design phase. Unlike conventional land-based reactors, FNPPs present distinct challenges that necessitate proactive mitigation strategies from the outset.

Furthermore, the existing collaboration mechanisms between the IAEA and IMO provide a strong foundation for fostering dialogue and cooperation on FNPP-related matters. By leveraging these mechanisms, the IAEA should actively promote FNPP considerations within IMO forums and explore opportunities for enhanced engagement and alignment. The first FNPP symposium has generated momentum towards addressing critical challenges and advancing collaborative efforts. As stakeholders navigate the complex landscape, continued dialogue and proactive engagement will be essential to realizing the potential of FNPPs in contributing to global energy security and sustainability.
summary
The International Atomic Energy Agency's International Project on Innovative Nuclear Reactors and Fuel Cycles plays a crucial role in advancing transportable nuclear power plants. INPRO assists member states in developing comprehensive strategies for sustainable nuclear energy implementation, focusing on legal, institutional, and technological aspects of TNPP deployment. The project's initial phase, completed in 2013, addressed various challenges associated with TNPPs, including legal and regulatory frameworks, infrastructure impact, and technological options. The ongoing second phase, which started in 2015, delves deeper into these issues, particularly for factory-fuelled reactors, and aims to provide a detailed analysis of the legal and institutional challenges. INPRO also collaborates with other IAEA divisions, organizing symposiums and workshops to facilitate international cooperation and knowledge exchange. These efforts underscore the IAEA's commitment to fostering innovation and ensuring the safe, secure, and sustainable deployment of TNPPs, highlighting their potential to meet diverse energy needs while maintaining flexibility for relocation and international cooperation.
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