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Abstract

Small modular pressurized water reactors present unique advantages in repurposing decommis-
sioned coal-fired power plant sites, supplying power to islands and remote areas, and providing
industrial heat. However, their cost estimation is currently hampered by opaque parameter data
and heavy reliance on foreign datasets. This paper develops a bottom-up cost estimation method
aligned with China’s nuclear power project classification system. Taking domestic guidelines for
nuclear power project classification as the framework, a cost correlation model between key design
parameters and major equipment is established based on survey data of typical domestic pressur-
ized water reactors, realizing the mapping from design parameters to construction costs. Taking
VOYGR-12 as the research object, this paper analyzes the influences of multi-module cost sharing of
shared facilities, primary loop simplification and the learning effect from batch construction. The
overnight capital cost (OCC) of a single module with conventional primary loop is 7.06 ten thousand
CNY/KkW, which drops to 2.34 ten thousand CNY/KW for a 12-module configuration, a reduction of
nearly 70%. For VOYGR-12, simplified primary loop cuts the OCC by about 4%, and the OCC under a
high learning rate is 7.1%~7.7% lower than that under a low learning rate, with the minimum value
reaching 2.08 ten thousand CNY/KW. The reasonable OCC range of VOYGR-12 is 2.08~2.34 ten thou-
sand CNY/KW. This value is slightly higher than that of domestic third-generation large pressurized
water reactors (1.4~1.6 ten thousand CNY/kW), but far more accurate than results from traditional
scaling methods. Multi-module cost sharing, primary loop simplification and batch construction
learning effect can effectively reduce the OCC of small modular reactors. The proposed method can
provide technical references for investment estimation and scheme comparison of similar nuclear
power projects.
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Figure 1. Composition of project cost
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Table 2. Main design parameters of the NuScale module
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Table 3. Overnight capital cost of the VOYGR-12 plant
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Figure 2. Cost breakdown of installation engineering systems for the VOYGR-12 plant
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Figure 3. Cost composition of the VOYGR-12 plant. (a) Overnight capital cost of the nuclear power plant; (b) Installation cost
breakdown
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Table 4. Key factors and engineering manifestations of cost differences
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Table 7. Unit investment cost under different module quantities and design scenarios
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Figure 4. Unit investment cost trends under different design scenarios
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