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Overview
In the context of the low-carbon energy transformation, a technology is gaining attention which is currently explored in several countries around the world, called SMR (“Small Modular Reactors”). SMR concepts, i.e. nuclear power with low capacities, date back to developments in the 1940s, in particular the development of naval submarines. However, in the context of discussions about the use of future nuclear reactors, in particular also as a measure against climate change, the concept of SMRs has been receiving renewed attention for some time. For the purpose of this paper, SMRs are reactors in which a single unit has an electrical power output of less than 300 MWe (or a thermal power output of less than 1000 MWth); these can be both based on water-cooled or other (non-water cooled) reactor designs.
In this paper, we provide a system good analysis of SMR concepts, and the similarities and differences with respect to nuclear plants with high electric capacities (often over 1,000 MWe). The paper looks in detail at the complex good (or “system good”) SMR, which often includes a multitude of services and goods that have to be produced in advance or in parallel, which requires coordination among the involved actors. The aim of this paper is to analyze SMRs, both commercial and military, as well as the existing interdependencies in order to design and compare different organizational models for the sector and discuss the role of the state and private companies in the provision of the good. The paper is based on recent research projects by the authors (Wealer, Seidel, and von Hirschhausen 2019; Schneider et al. 2019; Pistner et al. 2021); the systems good approach has been applied to the nuclear power sector by Wealer, et al. (2020).
Methods
We deploy a comparative institutional approach to describe the strategic choices of countries, companies, and national and international governmental bodies with respect to SMR development. We use the methodology for implementing a (system-) good put forward by Beckers, Gizzi, and Jäkel (2012) and Gizzi (2016) as our tool of analysis. It allows us to map all the subtasks involved to make (semi-) public infrastructure available in one framework. The latter consists of three elements and their interaction between these three submodels: the sector model, the decision model (provision), and the organizational model. Key elements of the framework are the technological system (e.g. the nuclear infrastructure), the actors (e.g. individuals, organizations), their asset and roles, as well as institutions (e.g. regulation). In order to compare different organizational models with the aim of creating a ranking, a comparative evaluation of organizational models must be carried out. This includes evaluations (i.e. subjective statements) with respect to certain evaluation criteria based on suitable economic theories (e.g. institutional economics).
Preliminary Results
A compilation made as part of the report underlying this paper (Pistner et al. 2021) includes 136 different historical as well as current reactors or SMR concepts. Of these, 31 concepts were considered in greater detail. A broad introduction of such concepts has not yet taken place. Some of these SMR concepts already have a very long history of development. For example, the development of Argentina's CAREM dates back to the 1970s. Other SMR concepts are more recent and therefore still in an earlier phase of concept development. Further SMR concepts are discussed as current concepts whose development is effectively interrupted (such as the South African PBMR-400).
A variety of motivations intermingle in technology and innovation policy, including industrial and economic development and geopolitical influence. Industrial and geopolitical motivations, as well as military interests, also play a role in SMR development. Most countries pursuing SMR activities maintain nuclear weapons programs and build nuclear submarines and/or already have a large commercial nuclear program. The paper places focus on the financing of SMR-concepts, and the different roles of actors in a highly complex financial architecture. Figure 1 sketches out the financial structure for the NuScale SMR concept.
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[bookmark: _Ref30773487]Figure 1: Financial scheme for a SMR concept in the US (Source: Own illustration).
Conclusion
Non-water cooled SMR concepts include fundamental innovations compared with today's nuclear power plants. For example, higher efficiencies are to be achieved through higher operating temperatures. Furthermore, other fields of application, in particular the provision of high-temperature process heat, should become possible. Many of these concepts aim at a so-called closed fuel cycle, with associated high technological risks in the field of fuel development and reprocessing technologies. Significantly less operating experience, mainly from prototype and demonstration reactors, as well as the planned use of novel technological solutions and new materials, lead to the expectation of significantly longer development periods as well as higher technological development risks compared to water-cooled SMR concepts. Achieving a competitive levelized cost of electricity (LCOE) for SMRs compared to renewables seems unlikely. 
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