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1 Introduction 

Benchmarking of the economic methodologies developed by Generation IV International Forum (GIF) 
and IAEA’s International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO), was performed 
for Generation IV fast reactor systems.  The Economics Modelling Working Group (EMWG) of GIF 
developed an EXCEL-based spreadsheet package, G4ECONS1, to calculate the levelized unit electricity 
cost (LUEC). G4ECONS is sufficiently generic in the sense that it can accept the types of projected input, 
performance and cost data that are expected to become available for Generation IV systems through 
various development phases and that it can model both open and closed fuel cycles.  The Nuclear 
Energy System Assessment (NESA) Economic Support Tool (NEST) was developed to enable an economic 
analysis using the INPRO methodology to easily calculate outputs including the LUEC and financial 
figures of merit such as internal rate of return, return of investment and net present value.  NEST is also 
EXCEL-based and can be used to evaluate nuclear reactor systems with open, MOX recycling and closed 
fuel cycles, and alternative power plants.  The following three systems of the NEST tool were used in this 
exercise.  

 v2s3 is the model described in [1] and based on Harvard University study [2] for the case of 
break-even (equilibrium) fast reactors system. 

 v4s2 is a combination of model v2s3 with the approach developed in the INPRO methodology 
published in 2008 [3]. Model v4s2 was designed for break-even (equilibrium) fast reactors 
system calculations only. 

 v4s3 is an extension of model v4s2 for the case of fast reactors operating with conversion rates 
other than 1 (breeders or burners). 

Two fast reactor systems, one with a break-even fuel cycle and another with a burner fuel cycle, were 
selected for the benchmarking exercise.  Published data on capital and operating costs were used for 
economics analyses using G4ECONS and NEST.   

This document is intended to first briefly explain the methodologies used by each of the economic 
assessment tools and summarise the differences (Section 2).  Then, in Section 3, the input data used to 
benchmark the G4ECONS and NEST economic tools, based on a closed system, is provided.  Results from 
the benchmarking are presented in Section 4, followed by a summary of the opportunities for further 
harmonisation that were identified (Section 5). 

The fuel data sets provided in this report are based on two fuel cycles presented in the IAEA Nuclear 
Energy Series report [4].  Fuel cycle unit costs were based on the data available in the INL Advanced Fuel 
Cost Basis report [5] and capital and operations costs were assumed to be similar to those for the new-
built GEN-III+ designs [6][7].  These costs were selected for benchmarking purposes only and may not be 
reflective of an actual fast reactor system deployment.  The reactor and all supporting facilities are 
assumed to be an Nth-Of-A-Kind (NOAK).  

                                                   
1 Generation 4 Excel-based Calculation of Nuclear Systems 
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2 Cost Estimating Methodologies 

The benchmarking exercise is centred on the two figures of merit; namely, the Total Capital Investment 
Cost (TCIC), and, the Levelized Unit Electricity Cost (LUEC) calculated by the G4ECONS and NEST tools.  In 
the GIF economic methodology, the TCIC, Equation 1, is used to determine if the financial risk of the 
advanced nuclear energy system is comparable to other energy projects.  

Equation 1:  Total Capital Investment Cost 

            

 
                                                                                   

                 
 

In NEST the cost of first core fuel is considered as part of the fuel cost since it may be related to the 
reprocessing and it is not involved in the calculation of the total capital investment cost. Therefore this 
cost was excluded in the G4ECONS TCIC estimate.  

The LUEC calculation in G4ECONS, Equation 2, is used to determine if there is a life cycle cost advantage 
over other energy sources. 

Equation 2:  G4ECONS Levelized Unit Electricity Cost 

            
           

              
      

With: CAC is the annual capital cost 
CO&M is the annual operations and maintenance cost 
CF is the annual fuel cost 
Pnet e is the net electrical capacity (MWe) 
pf is the average plant capacity factor 
CD&D is the decontamination and decommissioning (D&D) cost per MWh 

NEST is a compilation of several models based on approaches developed within INPRO and externally. 
Every model involves several options which can be selected depending on the assessor priorities. 
Specific equations for LUEC calculations in NEST may vary depending on the models and options, 
however the general approach remains the same (Equation 3). 

Equation 3:  NEST Generalized Levelized Unit Electricity Cost 

            

 
           

      
    
        

          
 

      
    
        

 

With:  CIt is the capital investment expenditures at year t (including overnight cost, interest during 
 construction, backfitting and decommissioning); 
 O&Mt is the operation and maintenance expenditures at year t; 
 Ft is the fuel expenditures at year t (including first core); 
 Lf is the load factor; 
 P is the reactor capacity (net); 
 tSTART is the beginning of project (start of the first construction period);  

tEND is the end of the project. 
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All the equations (LUEC, IRR, ROI, NPV and total investment calculations) used in NEST are documented 
in the IAEA Nuclear Energy Series report [1]. For the purpose of this study all special options of NEST 
were deactivated.  

There are differences in the calculation of the above two figures of merit by G4ECONS and NEST.  The six 
key differences between the two methodologies are described below. 

2.1 First Core Assumptions 

The G4ECONS tool assumes the reactor is part of a system of reactors of the same type at equilibrium.  
In an open fuel cycle, this has little effect since the material for the first core must be mined.  However, 
the cost of the first core in a closed fuel cycle only includes the cost of fuel fabrication since it is 
assumed that the reprocessed material needed for the first core will be available, free of charge, from 
another reactor within the system.  G4ECONS allows the first core fuel cost to be captured in two ways. 
It can be included as part of the total capital investment required for the reactor, where the first core 
cost is financed as part of the total capital cost and therefore the cost is subject to interest during 
construction (IDC) and operation until the loan is repaid in full. Alternatively, the first core can be paid 
for through equity. In this case, the initial cost is levelised over the operating life of the reactor however 
no interest is charged. 

NEST calculates fuel cost by combining the fuel cycle services costs in the frontend and backend for the 
first core and regular reloadings in a given reactor. Generally the reprocessed fissile/ fertile material 
including the fuel material for the first core is assumed to be purchased or sold at cost. No special 
assumptions on the reactor fleet are necessary except in the situation when the reactor is deliberately 
required to use spent fuel from another reactor type with different cost (e.g. fast reactor burner using 
reprocessed fuel from LWRs). The first core is assumed to be purchased at the end of the construction 
period, therefore it is not subject to IDC but does accumulate interested during operation until the loan 
is repaid in full.  

2.2 Interest, Discounting and Inflation 

For simplicity G4ECONS chose to use a real discount rate (inflation-free) for construction financing, 
capital amortization and D&D escrow fund accumulation.  Therefore, careful consideration is required to 
specify a real discount rate taking into account various socioeconomic factors specific for the case being 
analysed.  Interest during construction is calculated on a quarterly basis, and all costs over the operation 
period are in constant dollars such that their annual values remain the same over the economic 
operating life.  

Conversely, most of the NEST systems calculate interest during construction (IDC) for up to seven 
variable time periods, providing less granularity compared to G4ECONS. The only exception is the v2s3 
based on the Harvard study [2] which calculates IDC using superposition of the gamma-functions.  

Different models within NEST allow the use of different real discount, inflation and interest rates, which 
is thought to more accurately model the value of money over time. 
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2.3 Delays, Losses and Lags 

Keeping the goal of simplicity and flexibility, G4ECONS chose not to include any delays, losses or lags.  
Therefore, in-process inventories are not required and fuel cycles do not have to be compensated for 
the loss of fissionable material that occurs during processing.  The NEST tool was designed to take into 
account these delays, losses and lags. In a closed system, NEST usually uses a slightly higher and more 
realistic fissionable content at the start of the fuel reprocessing to make-up for processing losses. 
However, for the purpose of this exercise, the values of all delays, losses and lags have been assumed to 
be zero.  

2.4 Homogeneous vs. Heterogeneous Fuels 

The simplicity of G4ECONS confines the analysis to homogeneous fuels.  Non-homogeneous fuels (such 
as core and blankets) can be evaluated using G4ECONS with pre-work, done outside of the tool, to 
develop a homogeneous fuel that is representative of the true fuel. A similar approach is normally used 
in the NEST algorithms, except that this pre-work is not required in the NEST tool systems v2s2 and v4s2 
since they allow non-homogeneous fuels consisting of a core and blanket fuels to be defined.   

2.5 Financial Indicators 

Several additional financial indicators can be used to provide a more complete economic assessment of 
the advanced reactors systems.  In addition to the LUEC and TCIC, the NEST tool calculates the net 
present value (NPV), return on investment (ROI) and the internal rate of return (IRR) based on a price 
per unit of electricity sold provided by the NEST user.  The G4ECONS tool chose not to include these 
output measures because the results would become country specific, which is not in line with the 
G4ECONS guiding principle of universality.  

2.6 Decontamination and Decommissioning Costs 

In the G4ECONS tool, decontamination and decommissioning (D&D) costs are inputted directly as a total 
cost in millions of dollars.  The annual D&D cost is calculated using the real discount rate to accumulate 
the escrow fund. 

Originally the direct modelling of decommissioning costs in NEST was available only in system v2s3 
(based on Harvard study [2]). In 2015 the direct modelling of backfitting costs and decommissioning 
costs was introduced for fast reactors in systems v4s2 and v4s3 upon the request from India (NEST tool 
development and maintenance is driven by the requests from the INPRO Member States). This updated 
NEST system was used in the benchmark. It uses costs of backfitting and decommissioning in absolute 
values as input and levelizing algorithm with discount rate different from the discount rate used in the 
rest of calculation. Separate discount rates allow modelling with different interests for borrowed funds 
and funds lent while decommissioning / backfitting is still expected.  
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3 Benchmarking Input Data 

Two fast reactor systems were selected for benchmarking: a break-even sodium-cooled fast reactor 
design based on the BN-800 of the Russian Federation, and a generic metallic-fuelled burner fast reactor 
design.  Both are based on fuel cycles defined in the “Framework for Assessing Dynamic Nuclear Energy 
Systems for Sustainability:  Final Report of the INPRO Collaborative Project GAINS” [4].  

3.1 Break-Even Fast Reactor Fuel Cycle Data 

In the GAINS report [4], fuel cycle F1, documented in Table 6.5 and Table II-5, represents a break-even 
fast reactor closed fuel cycle.  Table 1 below, summarises the reactor fuel cycle data required for the 
economic modelling. 



UNRESTRICTED 
CW-505100-CONF-004 

Rev. 2 
 

Table 1: Break-Even Fast Reactor Fuel Data 

 Units Value2 Source 

Net Electrical Output MWe 870 

Table 6.5 in 
reference [4] 

Thermal Efficiency % 41.43 

Capacity Factor % 85 

Operation Cycle Length EFPD3 140 

Initial Loading  

Total FPs4 % 0 

Annex-II, Table 5 in 
reference [4] 

Total HM and FPs Kg 24,288.257 

Total DU % 88.63 

Total Pu % 11.37 

Total MAs (Np+Am+Cm) % 0.057 

Reload  

Total FPs % 0 

Total HM and FPs Kg 7,803.086 

Total DU % 88.203 

Total Pu % 11.797 

Total MAs (Np+Am+Cm) % 0 

Discharge  

Total FPs % 3.841 

Total HM and FPs Kg 7,803.086 

Total DU % 84.040 

Total Pu % 12.009 

Total MAs (Np+Am+Cm) % 0.11 

  Core 
Axial 

Blanket 
Radial 

Blanket 
 

No. of Refuelling Batches Count 3 3 3.5 
Table 6.5 in 

reference [4] 
Fuel Residence Time EFPD 420 420 490 

Heavy Metal Weight Share (%) 54.0 23.5 22.5 

The G4ECONS tool requires the number of fuel assemblies as an input.  Therefore, the reactor core was 
assumed to contain 1,000 hypothetical fuel assemblies.  Based on the reload data in Table 1, the 
average heavy metal mass of a fuel assembly is calculated to be 0.024287 MTHM.  The reloading period 
was calculated to be 0.45 years5 with 321 assemblies per reload.  

3.2 Burner Fast Reactor Fuel Cycle Data 

                                                   
2
 Fuel parameters are homogenised based on the whole reactor average “obtained by weighting with power share, 

fuel residence period, HM mass and achieved burn-up for each region of the core, axial blanket and radial blanket” 
[4] 
3
 Effective Full Power Days 

4 Fission products 
5 Years between reloads=Operations cycle length/(365*capacity factor)=140/(365*0.85)=0.45 
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In the GAINS report [4], fuel cycle F4, documented in Table 6.8 and Table II-8, represents a burner fast 
reactor closed fuel cycle.  Table 2 below summarises the reactor fuel cycle data required for the 
economic modelling. 

Table 2: Burner Fast Reactor Fuel Data 

 Units Value6 Source  

Net Electrical Output MWe 1,000 

Table 6.8 in 
reference [4] 

Thermal Efficiency % 38 

Capacity Factor % 85 

Operations Cycle Length EFPD 232 

Initial Loading  

Total FPs % 0 

Annex-II, Table 8 
in reference [4] 

Total HM and FPs kg 38,328.385 

Total DU % 78.84 

Total Pu % 19.475 

Total MAs (Np+Am+Cm) % 1.684 

Reload  

Total FPs % 0 

Total HM and FPs kg 6,136.002 

Total DU % 78.84 

Total Pu % 19.475 

Total MAs (Np+Am+Cm) % 1.684 

Discharge  

Total FPs % 10.72 

Total HM and FPs kg 6,135.671 

Total DU % 70.088 

Total Pu % 17.763 

Total MAs (Np+Am+Cm) % 1.430 

  Core  

No. of Refuelling Batches count 6.25 Table 6.8 in 
reference [4] Fuel Residence Time EFPD 1451 

For the purpose of G4ECONS, the reactor core was assumed to contain 1,000 fuel assemblies.  Based on 
the data in Table 2, heavy metal mass of a fuel assembly was calculated to be 0.03835 MTHM.  The 
reload frequency is calculated to be 160 assemblies per reload every 0.75 years7. 

3.3 Overnight Capitals Costs 

The focus of this benchmarking exercise is to compare the G4ECONS and NEST economic tools output 
for closed fuel cycles.  Capital costs for a fast reactor system are not readily available.  One of the GIF 
economic goals requires that the capital risk for the Generation IV system shall be no greater than 
alternative systems, such as the current Generation III systems.  Therefore, overnight capital costs 
($/kWe installed capacity) for the fast reactors (Table 3) were assumed to be comparable to those of a 

                                                   
6
 Fuel parameters are for the equilibrium composition based on “reprocessing of the FR fuel with additional make-

up transuranics provided from reprocessing of LWR fuel” [4]. 
7 Years between reloads=Operations cycle length/(365*capacity factor)=232/(365*0.85)=0.75 
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current GEN-III design (AP1000), in 2009 U.S. dollars [6].  The fuel cycle costs used in this analysis were 
in 2009 US dollars, therefore all other costs were escalated to 2009 US dollars based on the average 
annual CPI as reported by the U.S. Bureau of Labor Statistics [8].  G4ECONS assumes that the capital 
investment follows an S-curve spending pattern over the construction period and calculates interest on 
a quarterly basis.  To align with G4ECONS, the year-end values of capital investment were manually 
entered for the NEST. The interest during construction is calculated on an annual basis in NEST 
compared to quarterly basis in G4ECONS. 

Table 3: Capital Costs 

Overnight Capital Cost8 
Reported Costs 

2010 US$ 
Cost Escalated 

2009 US$ 
Source 

Break Even Fast Reactor $4,061 M $3,996 M Levy 1 & 2 Estimate of 
$4,668/kWe [6] Burner Fast Reactor $4,668 M $4,594 M 

Note:  The cost of the first core is not included in the overnight capital cost. 

3.4 Operating and Maintenance Costs 

The annual operating and maintenance (O&M) costs are derived from an AP1000, scaled based on the 
electrical capacity of each fast reactor system (Table 4).  Total O&M costs, including fuel, for an AP1000 
are estimated at $0.01/kWh in 2003 dollars Error! Reference source not found.], or $0.01166/kWh in 
2009 US dollars [8].  Westinghouse reports that for the AP1000 design, 25% of the total O&M costs are 
fuel costs and 75% are non-fuel production costs [9].  Westinghouse also claims the AP1000 design will 
achieve an average capacity factor of 93% [9].  Therefore, the estimated non-fuel operating costs are 
calculated as follows: 

                         

  
                                                          

         

 
                                        

         
        

It is assumed that the O&M cost includes the annual capital replacement costs, which is set to 0% in the 
G4ECONS tool. 

Table 4: Annual O&M Costs 

 Units Cost ($M/year) Source 

Non-fuel Operating Costs $M/Year 79 Calculated above 

Capital Replacement Costs % (of Direct Capital Costs) 0.0% 
Included in non-fuel 

operating costs 

                                                   
8 Overnight capital costs by definition exclude escalation and financing costs.  Direct and indirect capital costs are 
included, as well as owners costs.  



UNRESTRICTED 
CW-505100-CONF-004 

Rev. 2 
 

3.5 Additional Reactor Data 

Additional data that may be required by the costing tools is included in Table 5 below. 

Table 5: Additional Reactor Data 

 Units Base 

Operational Life Years 40 

Years to Construct Years 5 

Real Discount Rate % 5 

DU, U-235 content % of U-235 in DU 0.03 

Estimated Decontamination & 
Decommissioning (D&D) Costs 

% of Overnight Cost 30 

In the G4ECONS tool, the D&D costs are estimated based on the rule of thumb for PWRs that D&D costs 
are 30% of overnight costs.  Therefore, since the overnight cost for the reactor is estimated to be  
$3,996 M and $4,594 M for the break-even and burner reactors, respectively, D&D costs for the break-
even fast reactor are estimated to be $1,199 M and D&D costs for the burner fast reactor are estimated 
to be $1,378 M. NEST models D&D costs directly based on multiple input parameters and backfitting of 
costs to produce a cost per unit installed ($/kWe), which was converted to dollars for comparison with 
G4ECONS. 

3.6 Fuel Cycle Unit Costs 

All fuel cycle costs were taken from Idaho National Laboratories “Advanced Fuel Cycle Cost Basis” report 
[5] and are quoted in 2009 U.S. dollars.  Some assumptions, such as which reprocessing method will be 
used, are required to evaluate the cost of the closed fuel cycle.  These assumptions and unit costs are 
detailed in Table 6 below. 
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Table 6: Fuel Cycle Unit Costs 

 Units Base Source[5] 

Cost of DU9 $/kgU 5 Module K1 

Cost of Make-up Pu $/kgPu 25,825 Calculated by CNL based on 
LWR UNF with 1.14% Pu 

Core Fabrication10 $/KgHM 4,000 Module D1-4 

Blanket Fabrication $/kgU 500 Module D1-4 

Spent Fuel Storage (after wet storage)11 $/KgHM 0 Module E3 

Reprocessing12 $/kgHM 1,120 Module F1 

Excess PuO2 Storage $/KgHM 2,600 Module E3-1 

HLW Conditioning Costs $/kgFP 5,000 Modules G1 

Geologic Disposal of HLW $/kgFP 6,500 Modules L 

For the purpose of this analysis, the break-even and burner fast reactors will utilise the same process for 
UNF reprocessing, fuel fabrication, waste storage, and waste disposal.  It is assumed that there are no 
losses in the fuel cycle, and no lag times in production.  Further, the cost for treatment, packaging and 
disposal of non-HLW from reprocessing was excluded from the preliminary analysis.  

Some of the cost data in Table 6 was converted to appropriate units required by G4ECONS and NEST and 
the conversion details are shown in Sections 3.6.1 to 3.6.3.  

3.6.1 Fabrication Costs for G4ECONS 

Unlike NEST systems v2s3 and v4s2, G4ECONS and NEST system v4s3 have only one input for fuel 
fabrication costs.  Therefore an average fuel fabrication cost for the break-even fast reactor fuel cycle 
was calculated outside of the tool based on the heavy metal mass proportion between the core and the 
blanket for the equilibrium fast reactor and the fuel residence time in Table 1. 

The weightings for each fuel were calculated as follows: 

1. Calculate the percentage of total for each of the fuel type. 

                               
                     

                         
 

 
2. Normalise the percentage of total refuellings to derive the weightings for each fuel type. 

                     
                      

                             
 

                                                   
9 This is the cost to obtain DU, some reports include additional costs for conversion to MOX quality DU which 
increase the cost to $30-70/kgU.  
10

 The fabrication costs based on ceramic pelletized fast reactor core fuel. 
11

 The storage costs are set to zero in alignment with the NEST tools which assume fast reactor UNF storage is 
negligible. 
12 Assumes UREX +1a method, and a facility capacity of 800MT/yr.  However, other reprocessing methods, which 
separate Pu from other MA may be required for some fast reactors.  
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 Core Axial Blanket Radial Blanket 

% of Total Refuellings 
   

 
     

   

 
       

   

   
       

Normalised Weighting 
   

      
        

     

      
        

     

      
        

                     
                                                              
                                                  
                                                            
             

Final unit costs are shown in Table 7. 

Table 7: Cost for Fuel Fabrication 

Fabrication Costs Units Base 

Break Even Fast Reactor $/kgHM 2,453 

Burner Fast Reactor $/kgHM 4,000 

3.6.2 HLW Treatment, Packaging and Geologic Disposal 

The Advanced Fuel Cycle Cost Basis document distinguishes between treatment/packaging and geologic 
disposal of wastes [5].  The G4ECONS and NEST tools do not make this distinction.  Therefore, the costs 
are added together to determine the total $/kgFP for HLW conditioning and reprocessing.  The total cost 
in $/kgHME (heavy metal equivalent13) for the break-even case is calculated as follows14: 

                                        

 
                                                        

                                

 
                                     

        
             

The above equation was used to calculate the cost of treatment, packaging and geological disposal of 
separated high level waste from reprocessing in $/kgHME as required (see Table 8 below).  Since the 
burner fast reactor has a higher FP content in its UNF, the costs related to conditioning and geologic 
disposal are higher. 

                                     
                                            

                                

 
                                 

         
              

                                                   
13 The heavy metal equivalent is based on the full weight of the bundle. Therefore, the total kg of UNF is equal to 
the total kg of HM equivalent in the UNF. 
14 Cost for disposal of MAs is assumed equal to the disposal cost for FPs. 
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Table 8: Cost for Dispositioning High Level Processing Waste 

 Input Units Base 

Break Even Fast Reactor Reprocessing HLW Costs $/kgHME 454 

Burner Fast Reactor Reprocessing HLW Costs $/kgHME 1,233 

Note:  For break-even fuel cycles, the MA’s are also considered high level waste and are added to the % 
of UNF to be disposed of.  However, in the burner case, the MA’s are put back into the reactor with the 
recycled U and Pu.  Therefore, they are not considered in the waste formula.  

3.6.3 Non-HLW Treatment, Packaging and Geologic Disposal for G4ECONS 

The G4ECONS tool requires the cost for Treatment, Packaging and Geologic Disposal of TRU and other 
non-HLW from reprocessing expressed in $/kgHM reprocessed.  This includes non-HM parts of the fuel 
assemblies that are being reprocessed and TRU-contaminated equipment/tools.  The cost for treatment 
and packaging is based on the volume of UNF reprocessed.  It can be calculated as follows: 

                                      

                                                       
  

    
 

However, there is insufficient information available on fast reactor cladding and other non-HLW from 
reprocessing to estimate the conditioning and disposal costs.  Therefore, this cost was excluded from 
analysis, for both G4ECONS and NEST. 
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4 Benchmarking Results 

4.1 Break-Even Fast Reactor Results 

The break-even fast reactor was analysed using version 2 of the G4ECONS tool and the three systems of 
NEST which are designed to model fast reactors operating in closed fuel cycle (v2s3, v4s2 and v4s3). 
Brief description of these three NEST systems was provided in the introductory section above and the 
details can be found in [1]. The tools were benchmarked based on capital costs, O&M costs, fuel costs 
and D&D costs to estimate the TCIC and LUEC.  A summary of the results can be found in  
Appendix A.   

The TCIC estimates from the NEST and G4-ECONS tools for the Break-Even Fast Reactor were found to 
be well aligned (Table 9). Slight differences are attributed to the different interest periods used to 
calculate interest during construction as shown in Appendix A. 

Table 9: Break-Even Fast Reactor TCIC Results 

 NEST v4s2 NEST v4s3 NEST v2s3 G4ECONS 

TCIC ($/kWe) 5,198 5,198 5,198 5,221 

The tools also demonstrated excellent alignment between the LUEC estimates for capital costs, O&M 
costs and D&D costs; the G4ECONS results are within ± 2% of the NEST results and less than the 
difference between NEST systems.   

The fuel cycles LUEC estimates did show some discrepancies, therefore the fuel costs were broken down 
into five sub-categories for a more detailed comparison. It was determined the following three key 
differences in the methodologies have a large effect on the results: 

 The analysis assumes no losses during reprocessing or fabrication; however, the GAINS break-
even fuel did assume losses. This created a small excess of Pu in the UNF.  G4ECONS 
reprocessed all of the UNF resulting in a small amount of Pu that required storage.  NEST only 
reprocessed UNF as required, therefore no excess Pu was generated. 

 NEST assumes the first core is financed at the end of the construction period, where G4ECONS 
assumes it was purchased directly. Therefore, NEST included interest in the cost of the first core 
and G4ECONS did not.     

 Unlike the NEST, the G4ECONS assumes the source material for the first core is supplied for free, 
in its reprocessed form, where NEST includes the cost of reprocessing the UNF to extract the 
fissionable material needed for the first core.  

Therefore, the impact of neglecting the excess Pu storage cost, omitting interest of the first core and 
including the materials cost for the first core was calculated outside of the G4ECONS tool and the fuel 
costs were revised (Figure 1). 
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Figure 1: Adjusted Break-Even Fast Reactor Fuel Cycle LUEC Results 

With the changes listed above, the difference in LUEC between the G4ECONS and NEST results are 
within one percent and less than the difference between NEST systems (Figure 2).  Future versions of 
the G4ECONS tool will consider implementing these changes to improve harmonisation across tools.   

 

Figure 2: Break-Even Fast Reactor LUEC Results 

4.2 Burner Fast Reactor Results 

The burner fast reactor was analysed using version 2 of the G4ECONS tool and system v4s3 of the NEST 
tool. The other systems of NEST were not designed for reactors in burner mode.  The tools were 
benchmarked based on TCIC and LUEC estimates.  A summary of the results can be found in Appendix A.  
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The TCIC estimates from the NEST and G4-ECONS tools for the Burner Fast Reactor were found to be 
well aligned. The TCIC estimates are summarized in Table 10 below. 

Table 10: TCIC Estimate for the Burner Fast Reactor 

 NEST v4s3 G4ECONS 

TCIC ($/kWe) 5,198 5,222 

The tools also demonstrated excellent alignment between the LUEC for capital costs, O&M costs and 
D&D costs; the G4ECONS results were within a percent of the NEST results.   

The fuel LUEC estimates did show some discrepancies, therefore the fuel costs were broken down into 
five sub-categories for a more detailed comparison. Two key differences in the methodologies were 
found to affect the results: 

 NEST assumes the first core is financed at the end of the construction period, where G4ECONS 
assumes it was purchased directly. Therefore, NEST included interest in the cost of the first core 
and G4ECONS did not.     

 G4ECONS assumes the source material (Pu) for the first core is supplied for free (already 
reprocessed) and any make-up Pu required is purchased in its final state, where NEST includes 
the cost of reprocessing the UNF needed for first core and any subsequent make-up Pu.  

The impact of including interest paid on the first core and the first core material cost and separating the 
materials and reprocessing costs for any required make-up Pu was calculated outside of the G4ECONS 
tool and the fuel LUEC estimates were updated (Figure 3). 

 

Figure 3: Adjusted Burner Fast Reactor Fuel Cycle LUEC Results 

With the adjustment for the first core and the make-up plutonium, the difference between the 
G4ECONS and NEST results is less than half a percent (Figure 4).  Future versions of the G4ECONS tool 
will consider implementing these changes to improve harmonisation across tools. 
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Figure 4: Burner Fast Reactor LUEC Results 
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5 Future Opportunities 

Overall the results of the fast reactor benchmarking exercise showed good agreement.  The G4ECONS 
and NEST tools were found to have excellent alignment in capital cost, O&M cost and D&D cost 
calculations for both the break-even and the burner fast reactors.  Some discrepancies between the 
tools were found in the fuel cost results.  The source of these discrepancies was determined to be three 
simplifying assumptions in the G4ECONS tool:  

 G4ECONS assumes no losses during reprocessing or fabrication. Therefore, G4ECONS calculates 
small volumes of excess Pu that must be stored; unlike the NEST systems, which did not produce 
excess Pu. 

 G4ECONS assumes that the source material for the first core is supplied for free already 
reprocessed, where NEST includes the cost of reprocessing the UNF to extract the fissionable 
material needed for the first core.  

 G4ECONS can model two first core financing scenarios: one, the first core is paid for from equity 
such at no interest is charged; or two, the first core is purchased incrementally during 
constructions resulting in interest during construction and interest during operation. Neither 
align with the NEST tool, which assumes the first core is financed at the end of the construction 
period, resulting in interest charges on the loan during operations but no interest during 
construction.  

When these assumptions were removed, through manual calculation outside of the G4ECONS tool, the 
NEST and G4ECONS tools were found to have excellent alignment; within one percent.  

Therefore, the Generation IV International Forum Economic Modelling Working Group, responsible for 
the development of the G4ECONS tool, will consider revising these assumptions in a future version of 
the G4ECONS tool to improve harmonisation between the tools.  
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Appendix A 

Numerical Results 

A.1 Break-Even Fast Reactor Results 

A.1.1 Break-Even Fast Reactor TCIC Results 

The TCIC estimates from the NEST and G4-ECONS tools for the Break-Even Fast Reactor were found to 
be well aligned. The TCIC estimates are summarized in Table A1 below. 

Table A1: TCIC Estimate for the Break-Even Fast Reactor  

 
Units NEST 

V4S2 
NEST 
V4S3 

NEST 
V2S3 

G4ECONS 

Overnight Cost $M 3997 3997 3997 3,996 

IDC $M 525 525 636 546 

Total Capital $M 4522 4522 4633 4,542 

TCIC $/kWe 5,198 5,198 5,325 5,221 

Diff from G4ECONS % 0.44% 0.44% 1.99% - 

A.1.2 Break Even Fast Reactor LUEC Results 

The fuel cycle costs for the break-even fast reactor, before and after the adjustments for the 
reprocessing losses and Pu recycling costs for the first core are summarized in Table A2 below. 

Table A2: Revised Break-Even Fast Reactor Fuel Costs ($/MWh) 

 NEST v4s2 NEST v4s3 NEST v2s3 
G4-ECONS 
(Original) 

G4ECONS 
(Revised) 

Annual Fuel Fabrication 6.91 6.56 6.91 6.49 6.49 

Annual Reprocessing 3.17 2.93 3.17 2.97 2.97 

Annual HLW Disposal 1.28 1.18 1.28 1.20 1.24 

First Core Contribution - 0.78 - 0.38 0.78 

Annual Cost of Storing 
Pu / Handling DU 

- - - 0.015 - 

Total 11.36 11.45 11.36 11.055 11.48 

Using the revised fuel costs (as explained in Section 4.1), the total LUEC estimate from each tool are 
provided in Table A3 below. 

Table A3: Revised LUEC Estimated for the Break-Even Fast Reactor ($/MWh) 

 NEST v4s2 NEST v4s3 NEST v2s3 
G4ECONS 
(Revised) 

Capital Costs 40.69 40.69 41.68 40.86 

O&M Costs 12.20 12.20 12.20 12.20 

Fuel Costs 11.36 11.45 11.36 11.48 

D&D Costs 1.53 1.53 1.53 1.53 

Total LUEC 65.78 65.87 66.77 66.07 

% Diff from G4ECONS 0.44% 0.30% 1.06% - 
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A.2 Burner Fast Reactor Results 

A.2.1 Burner Fast Reactor TCIC Results 

The TCIC estimates from the NEST and G4-ECONS tools for the Burner Fast Reactor were found to be 
well aligned. The TCIC estimates are summarized in Table A4 below. 

Table A4: TCIC Estimate for the Burner Fast Reactor ($/kWe) 

 Units NEST v4s3 G4ECONS 

Overnight Cost $M 4594 4,594 

IDC $M 604 628 

Total Capital $M 5198 5,222 

TCIC $/kWe 5,198 5,222 

Diff from G4ECONS % 0.46%  

A.2.2 Burner Fast Reactor LUEC Results 

The fuel cycle costs for the burner fast reactor, before and after the adjustments for the Pu recycling 
costs for the first core and for the make-up Pu required are summarized in Table A5 below. 

Table A5: Revised Burner Fast Reactor Fuel Costs ($/MWh) 

 NEST v4s3 
G4-ECONS 
(Original) 

G4ECONS 
(Revised) 

Annual Fuel Fabrication 4.41 4.37 4.37 

Annual Reprocessing 1.80 1.22 1.70 

Annual HLW Disposal 1.36 1.35 1.42 

First Core Contribution 1.69 0.88 1.43 

Annual Cost of Make-up Pu15 - 0.48 - 

Total 9.26 8.30 8.85 

Using the revised fuel costs (as explained in Section 4.2), the total LUEC estimate from each tool are 
provided in Table A6 below. 

Table A6: Revised LUEC Estimated for the Burner Fast Reactor ($/MWh) 

 NEST v4s3 G4ECONS 

Capital Costs 40.69 40.87 

O&M Costs 10.61 10.61 

Fuel Costs 9.26 8.85 

D&D Costs 1.53 1.53 

Total LUEC 62.09 61.86 

% Diff from G4ECONS 0.37% - 

 

                                                   
15 Cost of Make-up Pu required is now included in the annual reprocessing and fuel fabrication costs. 
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