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Overview

Since its inception, the nuclear industry has committed strongly to enhancing the safety features of Light Water Reactors (LWRs). Unfortunately, the series of nuclear accidents from Three Mile Island, to Chernobyl, and Fukushima led to spiking fear and strong negative perceptions of nuclear power. Since then, the nuclear industry has initiated a new wave of scientific and technological innovation towards safer LWR as well as advanced reactor designs. Besides the research and development of Generation III+ and IV types and thorium based reactors, recent years have also seen revived interests in fusion reactors. In brief, Areva Federal Services, in partnership with TerraPower Company, Argonne National Laboratory (ANL) and Texas A&M University is carrying out research for longer life cores, such as the Liquid Metal-cooled Fast Reactor fuel assemblies. GE Hitachi Nuclear Energy, in partnership with ANL, is looking into the development and modernization of next-generation probabilistic risk assessment methodologies. General Atomics, in partnership with the University of California at San Diego and the University of South Carolina is working on the fabrication and testing complex silicon carbide structures pertinent to advanced reactor concepts. NGNP Industry Alliance, in partnership with Areva, UltraSafe Nuclear Company, Westinghouse, and Texas A&M University is conducting high temperature gas reactor post-accident heat removal and testing. Westinghouse, in partnership with ANL and University of Pittsburgh is into the development of thermo-acoustic sensors for sodium-cooled fast reactors. Given the early stage of development, the economic and environmental performance of these advanced reactor systems are yet to be evaluated.

For the fast developing economies in the Association of South East Asian Nations (ASEAN), while environmental friendly energy sources are preferable, affordability of energy is critical. Given the resource and land constraints, several ASEAN members have expressed interest in nuclear power with Vietnam being the first one to build nuclear power reactors. However, the economic and environmental performance of the advanced reactors have not yet been determined due to their early stage of development. In addition, the safety and security of these advanced reactors combined with the under-developed governance on nuclear power are yet to be ascertained. Although some of the ASEAN members already have nuclear research programs, there is a lack of knowledge and expertise in civilian nuclear technology. If the advanced reactor technologies became commercially attractive, it is important to understand the implications for ASEAN’s nuclear movement. Through analysing the economic (commercial costs) and environmental (life cycle carbon emissions) performance of possible advanced reactors, I provide a preliminary competitive landscape for the advanced reactor systems. Essentially, I attempt to address the question whether the ASEAN is ready for the “nuclear renaissance” if indeed it is coming to the region.
Methods

The prospect of nuclear power is evaluated against quantitatively based on economic and environmental dimensions. In addition, the dimension of nuclear governance in ASEAN provides a qualitative but objective analysis on whether the region is ready for the nuclear renaissance and the key considerations in preparing the region for it. 
1. Economic evaluation
The economics of electricity generation is evaluated based on capital and levellized cost of electricity. The costs of advanced reactor technologies are estimated based on simplified techno-economic analysis.
2. Environmental evaluation
The environmental performance of alternative electricity generation system is evaluated based on the life cycle carbon emissions in this paper. The methodology is derived based on the Process Chain Analysis (PCA) approach.
3. Nuclear governance in ASEAN
Given the technical sophistication and risks associated with the use of nuclear energy, governance is important in a successful civilian nuclear program. All stakeholders within and around a nuclear fuel cycle are responsible for nuclear safety, security and safeguard. It is understood that proper nuclear governance requires strong protection against safety and security hazards, and non-proliferation of weapon materials. In addition, management of technology (MOT) also plays an important part in nuclear governance. In evaluating nuclear governance, this paper focus on the concept of MOT.
Results

Overall, the safety and security of nuclear power is expected to further improve with the advanced reactors but the high capital cost remains a barrier for large scale adoption in ASEAN. Therefore, cost reductions through continuous innovation, supply chain management, and other MOT oriented techniques are crucial for a nuclear renaissance in ASEAN. 
1. Economic evaluation
There are mixed findings about the economic performance of SMRs. In general, it is believed that SMRs are more costly to build than the conventional large sized reactors although there are studies suggesting otherwise. The capital cost can expect to reduce when standardized components are fabricated in large quantities under a factory batch production setting. On the advanced reactors, Lockheed Martin argues that the capital cost of its compact fusion reactor concept can be cost competitive when commercialized.
2. Environment evaluation
In decarbonizing the electricity generation system, SMR technology is competitive against renewables. In decarbonizing the base-load electricity generation, nuclear remains the only commercially available option.  While storage coupled renewable energy technologies and carbon capture and storage/utilization continue to be developed, it is difficult to dismiss nuclear energy completely given the urgent actions called upon by the IPCC. In the case of China, the demand for nuclear electricity is rising sharply due to the accelerated environmental deterioration as a result of heavy coal dependence.
3. Nuclear governance in ASEAN
A few member states of ASEAN already have nuclear research programs, but none has a nuclear power plant in commercial operation. Although committed for several decades, these few member states are still lacking the know-how and expertise in developing and running nuclear power plants. There is not yet a legally binding framework on the liability and responsibility of nuclear disaster. In the foreseeable future, ASEAN will completely depend on turn-key solutions and foreign supply of expertise and know-how. It may require significant lead time for local industry to establish and become certified equipment and material suppliers to support domestic nuclear program. Given the current high capital cost, a proper roadmap of nuclear technologies suitable for the developing economies in ASEAN and how the local industry in ASEAN can be involved in a nuclear program remain to be identified. In addition, although some of the member states might be more ready to embrace nuclear energy than others, the readiness of ASEAN as a whole remain uncertain, especially on the protection against severe radiological emergency. 
Conclusions

Overall, nuclear energy remains an option for decarbonizing the electricity generation system. With continuous R&D efforts into the development of advanced reactors, the safety and security of nuclear power reactors can be further improved. For fast developing economies in ASEAN, a safe and affordable low carbon energy source is highly desirable. Assuming the continuous innovation can reduce the capital cost of future nuclear power technologies, there are still many issues related to nuclear governance in ASEAN. First, there is a lack of technical competence in commercial reactor operations. Second, the local industries are not yet certified to supply equipment and material to nuclear power plants. Third, responsibility and liability in the event of nuclear disaster are not clearly defined. Last, the current reactor technology roadmap is not fully compatible with the regional circumstances in ASEAN. In sum, there is potential for ASEAN to embrace a nuclear renaissance with the help of proper governance and technological innovations. 
