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Motivation 

 
In addition to renewable energy strategies, several governments are increasing previously stated 
efforts for the construction of new nuclear power plants or re-considering this option to combat climate 
change and reduce fossil fuel dependencies (Stirling and Johnstone 2018; Goldstein and Qvist 2019; 
Schneider et al. 2022; Zakeri et al. 2022). Nuclear power can be advantageous, by possibly providing 
flexible operation (Jenkins et al. 2018; Lynch et al. 2022) or helping in decarbonization efforts through 
low-carbon electricity provision to various sectors (Luderer et al. 2021; Bogdanov et al. 2021). 
However, from an economic perspective, nuclear power is becoming increasingly expensive as capital 
costs sore for current new build projects in OECD countries (Lovins 2022; Rothwell 2022), while 
renewable energy technologies, such as wind and solar, are becoming cheaper (Lazard 2021) and 
options to manage flexible electricity production are becoming more sophisticated (Wang et al. 2018; 
Schill and Zerrahn 2020). We therefore ask whether nuclear power is a cost-efficient technology in a 
future decarbonized energy system. 
 

Method 

 
To answer this question, we follow a two-step approach. First, we conduct a detailed analysis of 
projected and actual costs of nuclear power plant projects to determine the conceivable range of 
levelized cost of energy (LCOE), discuss nuclear industry projections and actual reported figures as 
well as provide a comparison to alternative technologies, namely renewable. This analysis includes 
various papers, studies and reports and provides a detailed insight on nuclear cost components, 
beginning with the major component, capital cost, over operational cost to indirect influences such as 
construction time and capacity factors (Haas, Thomas, and Ajanovic 2019; Wealer et al. 2021). The 
analysis of results is limited to gigawatt-sized light-water-reactors in OECD countries. Second, using 
results obtained in the cost analysis, the efficient share of nuclear power in a decarbonized energy 
system is computed using a comprehensive techno-economic model (Göke 2021a; 2021b). With 
previous research limiting flexibility options such as cross-border exchange, demand-side flexibility 
and focusing on short-term storage systems (Duan et al. 2022; Baik et al. 2021), this model, focusing 
on Europe, considers all alternatives to nuclear power for electricity and flexibility. 
 

Results and Conclusion  

Results of the cost analysis show that a discrepancy lies, especially for nuclear capital costs, between 
projected costs or model assumptions and actually observed figures, see Figure 1. Additionally, OECD 
countries report, on average, higher costs than non-OECD countries, esp. China. Other cost 
components also vary, but not as prominent. From this analysis, we determine a broad range for 
nuclear LCOE, and therefore compute multiple scenarios with a capital cost range of 2,000 to 8,000 
USD2018/kW and favorable assumptions for other components and parameters. As shown in Figure 2, 
share of nuclear in electricity generation depends highly on the assumed capital cost. Most notably, 
this share does not exceed 50% even at the lowest cost level and quickly drops once higher costs are 
assumed. Cost ranges in which a measurable share of nuclear power is installed are in the low-range 
of projections and well below actually reported project costs. 
To conclude, we find that capital costs for nuclear must fall significantly to become economically viable 
compared to alternative technologies in a decarbonized energy system. Whether this can be achieved, 
is disputed in literature (Grubler 2010; Koomey, Hultman, and Grubler 2017). However, non-electrical 
uses of nuclear power for, e.g., process heat and the application of non-light-water technologies might 
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change this assessment (Ingersoll et al. 2014; Al-Othman et al. 2019). This techno-economic cost 
analysis neglects costs for nuclear waste management and decommissioning (Lordan-Perret, Sloan, 
and Rosner 2021; Wealer et al. 2021; Lovins 2022) and does not assess non-economic 
disadvantages of nuclear power such as the risk of severe nuclear accidents, proliferation and 
radioactive contamination (Lévêque 2014; Nuttall 2022; Schneider et al. 2022). 
 

USD2018/kW

 
Figure 1: Results of cost analysis comparing projected and actually observed capital costs for light-
water reactor projects in OECD countries. 
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Figure 2: Computed share of nuclear energy depending on construction cost and a range influenced 
by construction time. 
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