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Overview
In this paper, we propose the first empirical investigation of the role of standardization and learning opportunities on nuclear reactors’ construction costs, using historical cost data from the US and France between 1966 and 2002. We investigate the potential short and long term benefits of nuclear reactor standardization. Short term benefits are defined as coordination gains based on the diversity of nuclear reactors under construction, whereas long term benefits represent learning by doing spillovers from similar reactors. We also study the role of innovation on construction cost using patent data, given that learning by searching has been highlighted as an important driver of energy cost reduction in other technologies.
Methods
We estimate a two stage least square model (2SLS) to control for endogeneity between costs and lead-time, using the expected demand of electricity as an instrument for lead-time. We assume a Cobb-Douglas cost function, thus we control for input prices and we allow structural breaks following  the two major nuclear accidents: Three Mile Island in 1979 and Chernobyl in 1986. 

In addition to the controls, we add a set of explanatory variables to identify long term learning by doing effects as well as learning by searching. To capurte the short term benefits of standarization we have constructed an index that follows the formula of the HHI index, where market share corresponds to the number of reactors being built of the same model during the year that the construction began. 
Results
The first result of our analysis refers to the importance of model specification in identifying significant learning effects in the construction of nuclear power plants. Previous studies account for the experience at the firm level or at the technological level, however we find that the learning effects are positive and significant only for the experience at the architect-engineer with a specific model.
Conversely, we show that experience in the construction of other models, regardless of the Architect-Enginneer firm involved,has a negative impact on the construction periods which translates into an increase in construction costs. This result shows that, due to the complexity of a nuclear reactor it is not possible to directly transfer previous knowledge and experience gained on the construction of any type of reactor to new projects. This detrimental effect of model diversity is confirmed also with the estimate for the HHI index, suggesting that an increase in the diversity of models under construction in a given year (i.e. HHI smaller than 1), increases construction costs indirectly through lead-time. 

In addition, our results show positive and significant economies of scale. Indeed, we find that larger nuclear reactors take longer to build but are also cheaper per MWe. The net effect on cost can be derived from offsetting the direct effect on cost with the indirect effect on lead-time. 

Finally we find that, contradictory to the pattern observed in many energy technologies such as renewables, innovation in nuclear power technologies contributes to the raise in construction cost. 

Conclusions

Standardization is a key criterion for the economic competitiveness of nuclear power. Our results show that a less diverse nuclear fleet  means shorter lead-times and when the same model are built by the same Architect-Engineer (A-E) firm, learning effects allow costs reductions after builing the first of a kind reactor. 
In addition, our results allow us to conclude that there are economies of scale for construction costs. However, because financing larger reactors has been identified as growing challenge in liberalized electricity markets, investors may have to trade-off the economic gains associated with economies of scale for large reactors with the option value that smaller reactors may offer. This calls for more research on the optimal size of nuclear reactors.

We also find that innovation increases construction costs. This result is in direct contrast to the pattern in other energy technologies where technical progress contributes to costs reductions, and can be explained by the importance of safety regulation in the nuclear power sector which improves safety performance at the expense of increases in construction costs. 

It is also important to note that safety regulation can impact construction costs and lead-time through dimensions other than technological change. The US experience shows that safety regulation can have important consequences on the economic competitiveness of nuclear reactors. In that respect, standardization and safety regulation do not have to be per-se incompatible and one could argue that for a given level of safety effort, nuclear safety regulation should be designed in order to allow nuclear reactors to benefit more from standardization gains.
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