Production costs uncertainties of SMR-concepts -

A model-based Monte Carlo analysis
Bjorn Steigerwald, TU Berlin, +491741820003, bs@wip.tu-berlin.de
Ben Wealer, Christian von Hirschhausen DIW Berlin, TU Berlin, bw@wip.tu-berlin.de
Martin Slowik, Uni Mannheim, slowik@math.uni-mannheim.de

Overview

The role of nuclear power in a future low-carbon electricity system is still debated intensively. In this debate,
supposedly new reactor technologies are gaining more attention, especially the so-called small modular reactors
(SMR) (Chu 2010). SMR concepts are nuclear power plants with relatively low power ratings (e.g., up to 300 MW,
see Pistner and Englert (2017), Pistner et.al. (2021), Mignacca and Locatelli(2020), Boarin et.al. (2021)). They are
currently re-emerging in the debate about large scale decarbonization of the energy sector because of the failure of
nuclear power plants with higher power output (e.g., 1,000 — 1,600 MW¢) to become cost-competitive (Lloyd, Lyons,
and Roulstone 2020; Wealer et al. 2021). The value proposition of SMR developers and national energy and defense
administrations is that SMR concepts could overcome their disadvantage of size through increased productivity by —
among others — mass production, learning, or co-siting (Rothwell 2016; Boarin et al. 2021). In this paper we analyze
the competitiveness of SMR concepts by combining investment and production theory with Monte Carlo simulations
of uncertain parameters.

Methods

We analyze the costs of SMR concepts employing publicly available costs and recent cost theory, to evaluate an
investment decision with the help of Monte Carlo simulation of economic indicators (Wealer et al. 2021). First, we
collected a unique economic dataset for SMR concepts from different manufacturers (Pistner et al. 2021). Following
Lloyd et.al. (2020) and Rothwell (2016), we recalculate cost with:
Sizesyr\" 4
Costgyr = (Cost g * ( Size,, ) )* (1 —x)

with LR for values for large reactors (Nuclear power plants > 300 MW), SMR respresenting values associated with
nuclear powerplants < 300 MWe, and n for the scaling effect (estimated between 0.2 and 0.7). Furthermore “costs”got
described in USD/MWe, and “Size” in MWe. We identify investment intervals subject to both scaling factors driving
cost and learning effects reducing cost. Calculations are based on public available costs of the AP1000 of the Voigtle
Nuclear Power Plant described by Wealer et.al (2021). As a second step, in order to incorporate uncertainty, we
simulate certain economic parameters (electricity wholesale market prices, investment costs, load factor) within the
previously calculated cost ranges. Lastly, we determine the net present value by Mont Carlo simulations.

Results

Our results for unified distributed investments in SMR concepts with wholesale electricity prices from 2020, suggest
that the lack of competitiveness attributed to large nuclear reactors with their uncertainties shown by Wealer et.al.
(2021), also applies to current SMR concepts. Furthermore, we can assume through recalculation that it would take a
quantity of around 1000 SMR reactors to reach a breakeven (Figure-1). This in contrast to a previous, much lower,
estimations (Litvag 2014). Figure-2 additionally shows a preliminary best case scenario for one production doubling
of SMRs, which is actually a negative NPV ((Mignacca and Locatelli 2020), (Pannier and Skoda 2014), (EEX 2021)).

Conclusions

Our results suggests that the lack of competitiveness attributed to large nuclear reactors also applies to current SMR
concepts with a low capacity. Moreover, predictions suggest no commercial success in the long term as neiter scale-
and learning effecs nor modularization are able to compensate missing economies of scale. Additional uncertainty
analysis should be developed to be able to evaluate current SMR concepts more holistically.
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Figure 1 Influences between learning effects and mass - effects in SMR cost calculation

Figure 2 Preliminary result of best a first best case scenario for the NuScale concept
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