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Objective / Scope 

 Establish an exhaustive picture of cost 
estimates in the nuclear sector [...] on the 
basis of the available up-dated information  

 [present in the ‘open’ literature] 
 [and cross checked by actors from industry] 

 
  
Concentrate on reactors to be built in EU 



Objective / Scope 

Goal:  
• obtain ‘average’ estimate for generic case 

– Adjust for differences:  
• Brownfield / greenfield 
• Single / twin 
• FOAK / NOAK / Fleet 

– Assuming reasonable range of provision for contingencies: 
• Depending on the state of the estimate (concept, bidding,...) 

– With reasonable range for uncertainty/accuracy 

  
 

 



Objective / Scope 

• Obtained ‘average’ estimate for order of magnitude 
 is NOT based on a representative sample of data         

on which sophisticated statistical or econometric analyses 
should/can be performed! 

• The data are scan of “resonable”, published results with varying 
degree of quality, detail, specification, circumstances,... 

• Some strange outliers or obvious “wet-finger” approaches are 
rejected 

• Propsed ‘average’ estimate only served to provoke reaction 
from nuclear-market conoisseurs! 
 

 



Context & Setting the Scene 

• Cost depends on viewpoint investor (e.g., discount 
rate), on geographical aspects, on time of estimate, 
... 

• Actually should consider the opportunity cost – but 
then necessary to compare to other elec prod means 
 out of scope of this study 

• Concentrate on “engineering-economics approach” 
or “cost accounting approach” for private cost  

• But social cost = private cost + external cost 



Context & Setting the Scene 

Cost Elements of Nuclear Generation 
 
Private costs / Resource costs 
 

• Investment cost 
• Decommissioning cost 
• Operation & Maintenance (O&M cost) 
• Fuel cycle (including the back end) cost 

 



Context & Setting the Scene 

Cost Elements of Nuclear Generation 

 

UK DTI, 2007 



Context & Setting the Scene 

Cost Elements of Nuclear Generation 
 
• Capital is clearly dominant:  ~ 60-85%  
• O&M     ~ 10-25% 
• Fuel Cycle     ~ 7-15% 

 
 

  Note: ‘fuel cycle’ includes both upstream & downstream parts 

 

 



Context & Setting the Scene 

Cost Elements of Nuclear Generation 
 
• remaining externalities 

• Radioactive emissions 
• Long-term waste disposal (sometimes part of  fuel cycle; often 

already internalized) 
• Accidents  – liability 
• Proliferation 
• Avoided CO2 emissions  – a positive externality? (Also the small 

amount of  embedded CO2 is to be considered) 
• System effects 

– Negative compared to gas & coal: ‘less well’ dispatchable (load following) 
– Positive with respect to wind and sun / nuclear is dispatchable to some 

extent and the need for large rotating inertia 

 



Context & Setting the Scene 

Levelized Cost of Electricity (LCOE) 
 
LCOE determined by set of contextual parameters 
 

– Cost elements of LCOE (Capex, Opex, Fuel) 
– Large geographical/ regional variety 
– Influencing factors: capacity factor, discount rate, construction period (IDC) 
– Unimportant factors: lifetime (beyond 40y) 
– Decommissioning is actually negligible 

 



Context & Setting the Scene 

Variation of Levelized Cost of Electricity (LCOE) 

 

IEA/NEA 2010; 
graph by ECN 



Context & Setting the Scene 

Variation of Levelized Cost of Electricity (LCOE) 

 

IEA/NEA 2010 



Context & Setting the Scene 

Variation of Levelized Cost of Electricity (LCOE) 

 

IEA/NEA 2010 



Definitions, Conventions … 

Investment Cost – Definition 
 
 



Definitions, Conventions … 

Investment Cost – Definition 
 
 



Definitions, Conventions … 

Investment Cost – Definition 
 
Owner’s Cost 
• Not unique definition in the literature 
• We exclude costs outside fence from owner’s cost 

 
 ~ 15-20% of the EPCC [MIT, 2003, 2009][Parsons, 2009a][Rothwell, 2010] ; or,  
 ~ 15-20% of the TPC [NETL, 2012]; or,  
 ~ 15-20% of the OCC [UChicago, 2011] Actually EPCC is called ‘Base  

       Overnight Construction Cost’ by [Rothwell, 2010] 

 



Definitions, Conventions … 

Importance of Interest During Construction (IDC) 
• Following Du & Parsons (2009): 

 
IDC = 15% of the ‘total cost’ (both) expressed in USD2013 
IDC = 17.7% of the ‘overnight construction cost’ (both) expressed in USD2013 
IDC = 19.4% of the ‘construction cost as expended’ during construction in 

nominal/mixed USD, including capital charges; 
IDC = 24% of the’ total construction cost as expended’ during construction in 

nominal/mixed USD, but without capital charges. 
 
     Nominal discount rate = 11.5% 
     Inflation = 3%/a 
     Construction period = 5 years 

 



Definitions, Conventions … 

Exchange Rates 
 

Use Market Exchange Rates (MER): 
 

 
 
 
 
 

Used methodology if using foreign 
values, then: 
 
1) Escalation (inflation and other) 

are done in foreign currency 
up to 2012 

2) Then in 2012 conversion to 
EUR2012  is done 



Definitions, Conventions … 

Inflation – Escalation 
 

Learning Effects / Fleet Effect ?? 
 

 
 
 
 

Current construction costs 
Olkiluoto3 and Flamanvile 
 
cost-estimate increases in USA 
(MIT/Uchicago) 
 
not encouraging 
 
Leads to figures like  



Definitions, Conventions … 

Inflation – Escalation 
 

Pragmatic Approach on Cost Escalation – Own Analysis 

 
 
 
 

Red curves are PCCIs for nuclear only – estimates 
Green curves are simplifying fits / ignorig overshoot 



Definitions, Conventions … 

Uncertainties and Accuracy of Estimate 
Level of Accuracy of the cost estimate: 
 
    

Association for the Advancement 
of Cost Engineering International; 
Recommended Practice 18R-97 



Definitions, Conventions … 

Uncertainties and Accuracy of Estimate 
Level of Accuracy of the cost estimate: 
 
Our estimates: 
 
FOAK2 ; generic estimate btwn classes 3 and 5  
   accuracy btwn -20% to +30% 
 
NOAK2(5+) btwn classes 1 and 3 
    accuracy btwn -10% to +15% 
  



Definitions, Conventions … 

Uncertainties and Accuracy of Estimate 
Contingency: 
 
Based on AACE classes and estimates in the literature, for NPPS: 
• FOAK1 contingency 30-50% (but not relevant to our report); 
• FOAK2 contingency 15-30% (depending on the country; the low end would 

be if it concerns the 10-th plant ever of that type, the high end as long as no more 
than e.g., 5 units of that type have been built); 

• NOAK2(10+) 10-15% seems reasonable 
 
We take a generic contingency  of 15% 
  for NOAK2(5+) and set penalties for FOAK2   



Definitions, Conventions … 

Uncertainties and Accuracy of Estimate 
Proposed Overnight Capital Cost (OCC) levels: 
 



Definitions, Conventions … 

Uncertainties and Accuracy of Estimate 
Proposed Overnight Capital Cost (OCC) levels: 
  
• Overall generic contingency (all kinds of reactor types) = 15% 
  
• Generic average estimate applies to a NOAK2(5+) reactor, single on a 

brownfield  –expressed in constant EUR 2012 
– For FOAK2 reactor: a generic penalty of +20% 
– For twin units, a bonus/advantage of 10%pts per unit 
– For greenfield construction: a penalty of 10%pts 

 
• Overall accuracy on final result is 

– For FOAK2: -20% to + 30% 
– For NOAK2 (5+): -10% to + 15%. 

 
 



Investment Cost of New NPPs 

Variation of estimates – Illustrations – geographical 

NEA/IEA 2010 



Investment Cost of New NPPs 

Pre-Consultation Capital Cost Estimate 
 
- Whole variety of estimates, optimistic, pessimistic 
- Often controversial views: 

- [Cooper, 2009] criticizes the results of the [MIT, 2009] update as being 
too optimistic  

- [Rothwell, 2010] criticizes that same [MIT, 2009] update result as 
being too pessimistic 
 

- All in all, we have retained 137 data points for the Overnight 
Construction Cost from 28 sources. 
 



Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate 

• NEA/IAE 2010   (17 data) 
• Du & Parsons 2009  (18 data) 
• U Chicago Update 2011   (7 data) 
• CEU COMM 2008 (3 data) 
• Rothwell June 2010 (5 data) 
• EPRI Update June 2011  (2 data) 
• LUT 2012  (2 data) 
• Lazard 2008-11-12 (2 data) 
• IEA Stuttgart 2010 (1 data) 
• ECN 2010   (3 data) 
• ICEPT 2012  (15 data) 
• Parsons Brinckerhoff 2011  (6 data) 
• MMD 1010 and 2011  (5 + 6 data) 

 

 
 

• Black & Veatch 2012 (3 data) 
• USC 2010 & 2011 (1 + 12 data) 
• Calif En Comm (CEC) 2010 (1 data) 
• BERR 2012  (2 data) 
• CBO 2008  (1 data) 
• Harding 2008  (4 data) 
• EIA AEO 2013  (1 data) 
• Keystone 2007  (1 data) 
• Severance 2009  (1 data) 
• Cooper 2009 (-10-11)  (14 data) 
• CRS (Kaplan) 2008  (1 data) 
• Lévêque 2013   (2 data) 
• VGB 2012   (1 data) 
 



Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate  

Scatter plot of results (EUR2012/kWinstalled) 
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Scatter plot for the 137 data points for the overnight construction cost (OCC) from a disparate set 
of references  (mostly PWRs, but also a few BWRs, and so-called “generic” plants) 
 



Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate 

Histogram for the results (EUR2012/kWinstalled) 

 

Histogram for the 137 data points for the overnight construction cost (OCC) from a disparate set 
of references (mostly PWRs, but also a few BWRs, and so-called “generic” plants). The intervals of 
the bins are 250 EUR2012 wide. 
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Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate  

Box plot for the results (EUR2012/kWinstalled) 

 

Box plot for the 137 data points. The box-plot parameters are listed to the right of the figure 
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The following parameters apply: 
  
  
Minimum            = 1316 €’12/kW 
Median                = 3320 €’12/kW 
Maximum            = 6934 €’12/kW 



Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate 

Median = 3320 €’12/kW  Mean = 3447.5 €’12/kW 
 

Define “AVERAGE” as (MEAN + MEDIAN)/2 = 3383.7  
       roughly 3400 €’12/kW  
 

= about 3400 EUR2012/kW for NOAK2 (5+) with uncertainty        -
10% to + 15% on a brownfield, as generic estimate (single/twin) 

 

= about 3230 EUR2012/kW for NOAK2 (5+) with  
        uncertainty -10% to + 15% on a brownfield, for a twin unit 
 

= about 3570 EUR2012/kW for NOAK2 (5+) with  
  uncertainty -10% to + 15% on a brownfield, for a single unit 



Investment Cost of New NPPs 
 Pre-Consultation Capital Cost Estimate 

 
FOAK2: 
 
= about 3910 EUR2012/kW for FOAK2 with   

 uncertainty -20% to + 30% on a brownfield, for a twin unit 
 
= about 4250 EUR2012/kW for FOAK2 with   

 uncertainty -20% to + 30% on a brownfield, for a single unit 

 



Post-Consultation Wrap Up 

Conclusion on OCC 



Investment for LTO / Refurbishments 

• Range of Overnight Refurbishment Cost   ~ 500 – 1,100 $/kW 
  
 or with 1 $2010 = 0.754 €2010  range ~ 377 – 830 €/kW, 
  
 or thus ~ 400 – 850 €2012/kW for additional lifetime of  
       up to ~ 20 years 
 
 
 
Note: €2010 = 1.02 €2012 (adapted nuclear S curve Europe) 



Fuel Cycle Costs  and O&M Costs 

• Overall Results 
  
Bottomline conclusion back-end part: 
- Cost once through ~ same as reprocessing! 
- Extra cost reprocessing gained back in primary fuel 
- Overall cost ~ 7-9 $2010/MWh  

Ref: NEA, “The economics of the back end of the nuclear fuel cycle”, Paris, 2013 



• We started from 7 – 9 $2010, with central value 8 $2010 
• Converted to €2012, central value was 6 €2012 / MWhe 

 
• Hence estimate LCOEfuel  
   ~ 6 €2012 / MWhe   (± 0.75 €2012 / MWhe) 

Fuel Cycle Costs  and O&M Costs 



Fuel Cycle Costs  and O&M Costs 

• O&M often given as  
– Fixed part ($ or € per kW/a) 
– Variable part ($ or € per MWh) 

• But sometimes not very clear: 
– Fuel may be part of variable O&M (often in UK figures) 
– Fixed part may contain large investments (refurbishments) 
– MIT, Du & Parsons use ‘fixed”, ‘variable’ and ‘incremental 

capital cost’ in $ per kW/a (??)  continuous refurbishm 
investments? 

• No comprehensible structure from NEA/IEA (2010) 
  

 



Results for LCOE  - NEA/IEA (2010) 

Ref: NEA/IEA (2010) Table 3.7a  



Fuel Cycle Costs  and O&M Costs 

• O&M often given as  
– Fixed part ($ or € per kW/a) 
– Variable part ($ or € per MWh) 

• But sometimes not very clear: 
– Fuel may be part of variable O&M (often in UK figures) 
– Fixed part may contain large investments (refurbishments) 
– MIT, Du & Parsons use ‘fixed”, ‘variable’ and ‘incremental capital 

cost’ in $ per kW/a (??)  continuous refurbishm investments? 

• No comprehensible structure from NEA/IEA (2010) 
 Order of magnitude ~ 10 to 20 $2008 per MWh 
   generic figure ~15 $2008 per MWh (±5 $2008 per MWh) 

 
 



Fuel Cycle Costs  and O&M Costs 

Order of magnitude ~ 10 to 20 $2008 per MWh 
   generic figure ~15 $2008 per MWh (±5 $2008 per MWh) 

 
Or, 
with 1 $2008 = 0.68 €2008  
and 
€2008 ≈ €2012 (adapted nuclear S curve Europe) 
 

Total O&M cost ~ 10.2 €2012 per MWhe 
 

Generic order of magnitude O&M cost   
   ~ 10 €2012 per MWhe  (± 3.5 €2012 per MWhe) 
 

 



LCOE computations 

1) New Build 
 
Parameters: 

• Load Factor=85%;  
• Operation Time T=60y; 
• Construction Period = 6 years 
• Decommissioning = 15% of OCC 
• Discount Rates 5% & 10% real 

 



LCOE computations 

1) New Build 
 
LCOE contributions Fuel cycle and O&M: 

 
• LCOE fuel-cycle: 6 €2012 per MWh (± 0.75 €2012 per MWh) 

 
• LCOE O&M:  10 €2012 per MWh (± 3.5 €2012 per MWh) 

 
 



Recall: Capital Cost Estimate of This Study - Summary OCC (EUR2012/kW) 
 

LCOE computations 



LCOE computations 

• Generic case 
 OCC 3,400 € (1)  LCOE(5%)= 43€/MWh  & LCOE(10%)= 75€/MWh 
       3,060 € (0.9)   LCOE(5%)= 41€/MWh & LCOE(10%)= 69€/MWh 
         3,910 € (1.15)   LCOE(5%)= 48€/MWh & LCOE(10%)= 84€/MWh 

• FOAK2 - twin 
 OCC 3,910 € (1)  LCOE(5%)= 48€/MWh  & LCOE(10%)= 84€/MWh 
       3,128 € (0.8)   LCOE(5%)= 41€/MWh & LCOE(10%)= 70€/MWh 
         5,083 € (1.3)   LCOE(5%)= 57€/MWh & LCOE(10%)= 104€/MWh 

• FOAK2- single 
 OCC 4,250 € (1)  LCOE(5%)= 50€/MWh  & LCOE(10%)= 89€/MWh 
       3,400 € (0.8)   LCOE(5%)= 44€/MWh & LCOE(10%)= 75€/MWh 
         5,525 € (1.3)   LCOE(5%)= 61€/MWh & LCOE(10%)= 111€/MWh 
 
 
 
 

5% 10% 

All results ± 4.25 €2012/MWh (fuel cycle and O&M) 



LCOE computations 

2) For LTO after Refurbishment 
 
Parameters: 

• Load Factor=85%;  
• Operation Time T=20y; 
• Construction Period = 2-3 years 
• Decommissioning = 15% of OCC Refurbishment 
• Discount Rates 5% & 10% real 

 



LCOE computations 

2) For LTO after Refurbishment / Own Computations 
 

Results: 
 

 

 
 

All results ± 4.25 €2012/MWh (fuel cycle and O&M) 



Results of IEA-NEA PCEG2015 



Cost of Baseload Technologies ~2020 

Ref: IEA/NEA 
2015 



Cost of RES Technologies ~2020 

Ref: IEA/NEA 
2015 



Sensitivities – Capacity Factor 

Ref: IEA/NEA 
2015 



Sensitivities – Capacity Factor 

Ref: IEA/NEA 
2015 



Sensitivities – Fuel Cost 

Ref: IEA/NEA 
2015 



Conclusion – wrap up 

• Nuclear is not cheap – but capital cost sh/could come 
down (standardization, strict construction schedule,...) 
...at least in Europe and USA 

• UK next test case in Europe 
• But elsewhere cheaper: UAE (KEPCO), China, RF 

 
• LTO interesting  cost effective intermediate solution 
 
• Back-end fuel costs low / full fuel cycle quite cheap 

 
 

Nuclear can be affordable low-CO2 electricity means if 
construction costs are lower 
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