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Outline 

• Description of G4-ECONS 

• Step-by-step description of calculation 

• Example calculations 

• Discussion on future work 
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G4-ECONS Overview 

• G4-ECONS 

– Generation IV (4)—Excel Calculation of Nuclear Systems 

• Developed by the Generation IV Economic Modeling 
Working Group (EMWG) 

• Microsoft Excel-based computation 

• Cost estimating methodology and algorithms are 
explained in Generation IV Cost Estimating Guidelines 
and the G4_ECONS User’s Manual 

– Available at http://www.gen-4.org 

http://www.gen-4.org/
http://www.gen-4.org/
http://www.gen-4.org/
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G4-ECONS Overview 

• Generalized economic assessment 

– Does not account for nation-specific taxation, depreciation, or 
capital cost recovery methodologies 

– All costs calculated in constant-currency levelized annual 
bases 

• Simplifying assumptions 

– Capital and financing recovery, D&D sinking fund occurs over 
operating life 

– Constant annual electrical production, capacity factor, and 
annualized costs 

– S-curve spending profile during construction 
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G4-ECONS Overview 

• Divides nuclear system into four components 

– Capital recovery, including financing 

– Nonfuel operations and maintenance 

– Fuel cycle costs 

– Funding of decontamination and decommissioning 

• Each component has different levels of detail 

– Some use 2-digit Code of Accounts 

– Some use commodity-specific costs 

– Some use lump-sum 
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Capitalized Pre-construction Costs 
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Capitalized Direct Costs 
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Capitalized Support Services Costs 
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Capitalized Operations Costs 
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Capitalized Supplementary Costs 
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Other Costs 
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Non-fuel Operational Annual Costs 
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Specific Costs 
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Specific Costs 



15 Managed by UT-Battelle 
 for the U.S. Department of Energy 

Fuel Cost Calculations 
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Basic Parameters 

• Requires some basic parameters for fuel cycle 
calculation 

– Reactor thermal power and thermal efficiency 

– Reactor lifetime 

– Relevant interest/discount rates 

– Construction period 

– Fuel composition and burnup 

• Establishes mass balance and mass flow 
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Basic System Parameters 
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Basic System Parameters 
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First-core Fuel Definition 
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Equilibrium Fuel Definition 
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Used Fuel Definition 
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Cost Calculations 
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Example Calculation Results 

Parameter G4-ECONS $M/y 

Capital (Including 1st Core and Financing) 212.08 

Operations Cost 95.78 

Fuel Cycle - Front End 75.85 

Fuel Cycle - Back End 12.62 

D&D Sinking Fund 2.9 

TOTAL LUEC 399.23 

TOTAL LUEC (mils/kWeh) 38.95 
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Calculation Note 

• Interest during construction assumes sinusoidal curve 

• Given  

– total construction cost C 

– continuous interest rate r 

– time of construction T 

– the interest during construction = C
𝜋2 𝑒𝑟𝑇−1 −2𝑇2𝑟2

2 𝑇2𝑟2+𝜋2
 



25 Managed by UT-Battelle 
 for the U.S. Department of Energy 

Current Revision Work 

• Incorporates uncertainty analysis 

– Based on propagation of error using parameter distributions 

• Includes combined heat and electricity generation 

– May need refinement 

• Follows fission product and transuranic 
generation/destruction 

• Includes material utilization calculations 
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Uncertainty Analysis 

• The current work can analyze three distribution types 

– Uniform 

– Gaussian 

– Triangular 

• Given “high” = b, “low” = a, and “nominal” = c 

– St. Dev. Uniform distribution = 
𝑏−𝑎

12
 

– St. Dev. Triangular distribution = 
𝑎2+𝑏2+𝑐2−𝑎𝑏−𝑎𝑐−𝑏𝑐

18
 

– St. Dev. Gaussian distribution assumed = 
𝑏−𝑎

6
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Uncertainty Analysis Description 

• Based on propagation of error 

– If 𝑦 = 𝑓 𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑁  then 𝜎𝑦
2 =  

𝜕𝑓

𝜕𝑥𝑛

2
𝜎𝑥𝑛

2𝑁
𝑛=1  

– Assumes all parameters independent 

• May not be a valid assumption for all parameters 

• Based on definition of derivative 

– If 𝑦 = 𝑓 𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑁  then 
𝜕𝑓

𝜕𝑥𝑛
= lim
ℎ→0

𝑓 𝑥1,𝑥2,…,𝑥𝑛+ℎ,…,𝑥𝑁 −𝑓 𝑥1,𝑥2,…,𝑥𝑛,…,𝑥𝑁

ℎ
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Uncertainty Analysis Description 

• Caveat 

– Assumes linear derivative at nominal point; extrapolation 
beyond perturbation values may invalidate that assumption 

– Derivative calculation dependent on perturbation range 
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Future Work Focused on SMR 

Economics 

• Incorporation of learning curve and modular 
fabrication/construction effects 

– Different items within 2-digit Code of Accounts “learn” 
differently 
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Final Slide 

• Questions or comments? 


