
 

 

This is a preprint of a paper intended for publication in a journal or 
proceedings. Since changes may be made before publication, this 
preprint should not be cited or reproduced without permission of the 
author. This document was prepared as an account of work 
sponsored by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, or any of 
their employees, makes any warranty, expressed or implied, or 
assumes any legal liability or responsibility for any third party’s use, 
or the results of such use, of any information, apparatus, product or 
process disclosed in this report, or represents that its use by such 
third party would not infringe privately owned rights. The views 
expressed in this paper are not necessarily those of the United 
States Government or the sponsoring agency. 

INL/CON-12-27231
PREPRINT

Nuclear Energy System 
Cost Modeling 
 

12th Information Exchange Meeting on 
Actinide and Fission Product 
Partitioning and Transmutation 
 

Francesco Ganda 
Brent Dixon 

 

September 2012 
 



NUCLEAR ENERGY SYSTEM COST MODELING 

Francesco Ganda, Brent Dixon 
Idaho National Laboratory, U.S. 

Abstract 

The U.S. Department of Energy’s Fuel Cycle Technologies (FCT) Program is preparing to perform an 
evaluation of the full range of possible Nuclear Energy Systems (NES) in 2013.  These include all 
practical combinations of fuels and transmuters (reactors and sub-critical systems) in single and multi-
tier combinations of burners and breeders with no, partial, and full recycle.  As part of this evaluation, 
Levelized Cost of Electricity at Equilibrium (LCAE) ranges for each representative system will be 
calculated.  To facilitate the cost analyses, the 2009 Advanced Fuel Cycle Cost Basis Report is being 
amended to provide up-to-date cost data for each step in the fuel cycle, and a new analysis tool, NE-
COST, has been developed.  This paper explains the innovative “Island” approach used by NE-COST 
to streamline and simplify the economic analysis effort and provides examples of LCAE costs 
generated.  The Island approach treats each transmuter (or target burner) and the associated fuel cycle 
facilities as a separate analysis module, allowing reuse of modules that appear frequently in the NES 
options list.  For example, a number of options to be screened will include a once-through uranium 
oxide (UOX) fueled light water reactor (LWR).  The UOX LWR may be standalone, or may be the 
first stage in a multi-stage system.  Using the Island approach, the UOX LWR only needs to be 
modeled once and the module can then be reused on subsequent fuel cycles. NE-COST models the 
unit operations and life cycle costs associated with each step of the fuel cycle on each island.  This 
includes three front-end options for supplying feedstock to fuel fabrication (mining/enrichment, 
reprocessing of used fuel from another island, and/or reprocessing of this island’s used fuel), along 
with the transmuter and back-end storage/disposal.  Results of each island are combined based on the 
fractional energy generated by each islands in an equilibrium system. The cost analyses use the 
probability distributions of key parameters and employs Monte Carlo sampling to arrive at an island’s 
cost probability density function (PDF).  When comparing two NES to determine delta cost, strongly 
correlated parameters can be cancelled out so that only the differences in the systems contribute to the 
relative cost PDFs.  For example, one comparative analysis presented in the paper is a single stage 
LWR-UOX system versus a two-stage LWR-UOX to LWR-MOX system.  In this case, the first stage 
of both systems is the same (but with different fractional energy generation), while the second stage of 
the UOX to MOX system uses the same type transmuter but the fuel type and feedstock sources are 
different.  In this case, the cost difference between systems is driven by only the fuel cycle differences 
of the MOX stage. 



Introduction 

The U.S. Department of Energy’s Fuel Cycle Technologies (FCT) Program is preparing to 
perform an evaluation of the full range of possible Nuclear Energy Systems (NES) in 2013. These 
include all practical combinations of fuels and transmuters (reactors and sub-critical systems) in single 
and multi-tier combinations of burners and breeders with no, partial, and full recycle.  This evaluation 
requires the computation of metrics for a number of high level criteria, one of which is “financial risk 
and economics”.  In the context of considering NES options, financial risk can be defined as the 
perceived risk of investments in nuclear facilities, including both capital requirements and financing 
costs, while economics addresses the appropriate specific revenue necessary to recover the costs of 
deploying and operating each NES, including all facilities necessary to perform the fuel cycle 
functions.  The recommended metric for the quantification of the high level criterion “financial risk 
and economics” is the Levelized Cost of Electricity at Equilibrium.  

This paper explains the innovative “Island” approach developed specifically to facilitate the 
computation of the LCAE for complex, multi-reactor fuel cycles in an efficient, systematic and robust, 
manner.  The newly developed nuclear economic code “NE-COST”, designed specifically to calculate 
the LCAE of complex fuel cycles within the “island approach” computational framework, is 
introduced. 

As an example, the LCAE is calculated for the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES using NE-COST and the island approach computational framework, including 
uncertainties and correlations in the input costs.  It is also shown how, by accounting for the 
correlations between certain input cost components, it is sometimes possible to obtain a more 
informative comparison of the calculated cost of electricity to that of a reference fuel cycle option. 

The Levelized Cost of Electricity at Equilibrium (LCAE) 

The recommended metric to use in the Nuclear Fuel Cycle Evaluation and Screening on the 
economic performance of nuclear fuel cycles is the busbar cost (i.e., excluding the costs of 
transmission and distribution). of the electricity generated by a given fuel cycle at equilibrium: the 
Levelized Cost of Electricity at Equilibrium (LCAE).  This metric is an equilibrium version of the 
widely used Levelized Cost of Electricity (LCOE).  The LCOE is a standard metric for comparing the 
economic performance of baseload electricity generating systems [1].  Mass balance equilibrium 
implies that all the mass streams in a given fuel cycle do not change with time, or from one cycle to 
the next, and that each fuel cycle facility is preceded and followed by a sequence of identical facilities, 
with identical cash flow profiles in constant dollars.  The equilibrium condition is an important 
assumption that allows the evaluation of performance of fuel cycles independently of the transients 
required to reach equilibrium situations.  

The revenue generated by the sale of the product (e.g., electricity) needs to cover both the fixed 
and variable expenses incurred during normal operations, such as, for example fuel purchases and 
O&M for a nuclear reactor; to repay the capital employed during the construction and 
decommissioning phases, including both overnight and financing charges; and to compensate the 
owners of that capital (both debt and equity investors) for the risk taken with the project.  The constant 
electricity price that, in real dollars, covers all these charges is the LCAE.  In more formal terms, the 
LCAE is the net present value of a continuous stream of revenue charged against the sale of electricity, 
equalized to the sum of the net present value of all the expenditures incurred by the plant owner 
throughout the physical life of the plant for a system in equilibrium, according to Equation (1), 



      (1) 

Where: 
Clev = the levelized cost of electricity at equilibrium (LCAE) 
E(t) = represent the time profile of the electricity generated over the life of the plant 
K(t) = the dollar value of the expenditures sustained at time t 

The discounting is expressed here as continuously compounded, rather than the perhaps more 
familiar annual compounding, to represent the fact that the revenue from selling electricity is collected 
continuously.  Since, by definition, Clev is a constant, an explicit solution for Clev can be found under 
the assumption that E(t) is also constant, “E”, under the “baseload” assumption. 

       (2) 

In this expression, it is noted that the resulting LCAE is simply the integral of the net present 
value of the expenditures sustained by the plant operator, multiplied by a term called “capital recovery 
factor”, which is a function of the discount rate (r) and of the financial life of the plant (Tplant). 

Computational Framework for the Quantification of the LCAE Metric in the Case of Multiple 
Reactors and More Complex Fuel Cycles 

The practical calculation of the cost of electricity for any fuel cycle is, in principle, a 
straightforward application of Equation (1).  This involves the identification of the amount and timing 
of all the expenses sustained during the entire life of the system, and the calculation of the amount of 
electricity and/or heat available for sale from the system during that time.  The computation gets quite 
complex, however, as the complexity of the fuel cycle increases.  Complex fuel cycles can involve a 
large number of material processing facilities and more than one reactor type.  Each reactor will 
generally have a different reloading schedule and operational life, and the proper computation of the 
LCAE for the entire fuel cycle requires the inclusion of the amount and timing of all the expenditures 
for every facility and reactor in the fuel cycle.  Additionally, the facilities that supply materials and 
services to the reactors are generally interconnected in a manner unique to each particular fuel cycle.  
For these reasons, it is difficult to devise a code flexible enough to compute the LCAE for each unique 
fuel cycle without changes in the code itself, and in practice a new code (or a new spreadsheet) would 
be required for each different fuel cycle (this approach was taken during the GNEP program, see Ref. 
[4]), making the computation of the cost of electricity for a large number of fuel cycle options 
impractical in a reasonable time frame with limited resources.  Additionally, changes in the code itself 
increase the chances of mistakes. 

To alleviate these issues, a novel approach has been developed, which has been called the “island 
approach” because of its logical structure and computational framework.  In the island approach, a 
generic complex fuel cycle is subdivided into subsets of fuel cycle facilities, called islands, each 
containing one and only one reactors or blanket type and an arbitrary number of fuel cycle facilities. 

As an example, the calculation of the LCAE for the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES, a schematic of which is shown in Figure 1, can be simplified by splitting the fuel 
cycle into the two subsections (islands) as shown in Figure 2.  

� Island 1 includes the natural uranium extraction, conversion, enrichment, fabrication and 
irradiation in the UOX PWR; 



� Island 2 includes the reprocessing facility, the re-fabrication of the reprocessed fuel, the irradiation 
in the MOX PWR and the disposal of the downloaded SNF and of the FP and MA from the UOX 
PWR of island 1. 

 

 
Figure 1 Schematic representation of the “PWR-LEU to PWR-MOX for Limited Recycling” NES. 

 
Figure 2 Schematic representation of “PWR-LEU to PWR-MOX for Limited Recycling” NES as broken into 2 
islands. 



It is noted that each fuel cycle facility can belong to only one island, although it is possible to 
subdivide a facility “logically” into two or more sub-facilities that could be located on different 
islands, with the caution that economies of scale have to be accounted properly for the size of the 
single facility before the split-up.  Between islands, material is allowed to flow, but there is no cash 
transfer.  Therefore, the cash flow of each sub-section of the system will be evaluated separately and 
the LCAE computed, based on the calculated cash flow, separately for each island.  The system-wide 
cost of electricity will then be calculated as the weighted average of the cash flow of each individual 
subsection.  The weights are the fractional energy generated by each system subsection. 

The island approach presents the following advantages: 

� It allows substantial savings in the complexity of the set-up, thus reducing the time and effort 
necessary in setting up the input and increasing the robustness and the reliability of the 
calculated output; 

� It minimizes new model developments; and 

� It simplifies debugging. 

The methodological framework of the island approach produces a close approximation of the 
theoretically exact LCAE for complex fuel cycle systems.  In this section, the appropriate 
methodology to incorporate the time-offsets of reactor startups in different islands is identified.  The 
equations are developed for a two-island case as an example, but can easily be extended to situations 
involving more than two islands.   

The results obtained in this process will also provide a basis for understanding the conditions 
under which the solution provided by the island methodology is exact. 

In the island approach the LCAE of each island is estimated independently.  The cost of 
electricity Clev1 for island 1 is calculated with Equation (3). 

      (3) 

For simplicity of notation, the integral of the expenditures K(t) over the life of the plant is 
indicated as the “net present value of expenditures 1”, or NPV1, as in Equation (4). 

        (4)  

Using the notation of Equation (4), Equation (3) becomes: 

        (5) 

Similarly, the cost of electricity Clev2 for island 2 is determined with Equation (6), similar to 
Equation (5), with the same simplified notation for the present value of the expenditures. 

        (6) 



Expressing E2 as a multiple of E1 as in Equation (7), the overall weighted average of the cost of 
electricity for the system composed of the two islands is shown in Equation (8), where the weights are 
the fractional electricity produced by each reactor type on each island. 

E2=�E1           (7) 

    (8) 

When substituting Equations (5) and (6) for Clev1 and Clev2 respectively in Equation (8), Equation 
(9) is obtained. 

       (9) 

However, if one of the two reactors feature a start-up time offset T0 (as shown in Figure 3), 
evaluating the levelized cost for the combined system Ccombined yields Equation (10) (in discrete annual 
compounding). 

 

 

Figure 3. Qualitative representation of the cash flow for two reactors on different islands within the same fuel cycle 
with time offset T0. 

 (10) 

Equation (10) can be easily translated into the equivalent Equation (12) using continuous 
compounding rcontinuous, which simplifies the calculation.  In turn, rcontinuous can be easily obtained from 
rannual by using Equation (11). 



        (11) 

 (12) 

Equation (12) can be solved to yield an explicit expression for Ccombined, as shown in Equation 
(13). 

      (13) 

By comparing Equations (13) and (9), it is possible to understand under which conditions the 
island approach approximate solution of Equation (9) (Caverage) is exact, as the Ccombined in Equation 
(13):  Equation (13) is identical to Equation (9) if T0=0 (i.e., there is no time offset in the startup of the 
two islands) and if Tplant1=Tplant2.  Typically, because of the long times involved in the reactor’s 
lifetimes, the “error” incurred because of possibly slightly different lifetimes is normally <1% of the 
LCAE, smaller than the uncertainty in the input cost data.  For the FCT economic evaluation of 
anNES, the assumption of T0=0 will apply, since the system will be analyzed at mass balance 
equilibrium. For this reason, the solution provided by the use of the island methodology is exact. 

 

NE-COST and the Practical Implementation of the Island Approach 

A software tool, NE-COST, has been developed within the  FCT program to calculate the LCAE 
of complex fuel cycles, within the “island approach” computational framework. Available tools to 
calculate the LCAE, such as G4-ECONS [2], would not have been well suited to calculate the LCAE 
for complex, multi-reactor fuel cycles, in a simplified, systematic, and robust way. 

NE-COST is a set of 4 submodels, each written in the commercial programming software 
MATLAB®, that perform the following logically separated tasks (listed here in order of execution): 

� Monte Carlo Sampler.  It generates a set of sampled inputs according to prescribed rules and 
available cost data. NE-COST can use any comprehensive cost data source(s).  All 
applications to date have used the Cost Basis Report [3] as a primary source, but it is not a 
requirement. 

� NE-COST LCAE calculator.  It generates the cost of electricity for a given system or sub-
system for each sampled input, essentially solving Equation (1) for each island. 

� Multi-island system combiner/data plotter.  In a multi-island calculation, this submodel 
generates the LCAE for the overall system, starting from the LCAE of each island.  
Additionally, it calculates the statistical properties of each LCAE distribution, both of the 
entire system and of each of the islands. 

� Comparison tool.  This submodel compares the LCAE probability distribution of any given 
system to that of any chosen reference system, while accounting for the correlation 
information between uncertain input cost variables, when available.   

The NE-COST LCAE calculator submodel is designed to calculate the LCAE of nuclear fuel 
cycle “islands”, each composed of one and only one nuclear reactor, and a number of fuel cycle 
facilities, that do not produce electricity, associated with that reactor or blanket.  The levelized cost per 



unit of product of each of the non-reactor facilities is calculated separately, by solving Equation (1) for 
the “levelized cost at equilibrium per unit of product”.  NE-COST accepts as input the “levelized cost 
at equilibrium per unit of product” (e.g., $/kgHM) and an associated uncertainty functional form and 
range for each fuel cycle cost.  These typically include the cost of mining and milling uranium, the 
cost of enrichment, fuel fabrication, storage and separation, of final disposal of spent nuclear fuel 
and/or of high level wastes and of low level wastes.  A notable exception to the “per unit of product” 
convention, are separation facilities, for which it is customary to give unit cost per unit of material fed 
to the separation plant, rather than per unit of separated material.  NE-COST is structured to treat unit 
costs for separation facilities as “per unit of input material to be separated”, as is conventional practice 
in the field, in order to avoid confusion. 

NE-COST allows the calculation of the cost of electricity of arbitrarily complex nuclear fuel 
cycle systems by just changing the input without the need to alter the model’s programming. For this 
purpose, the general structure of the code has been developed as shown in Figure 4.  It is observed that 
several front-end paths and back-end paths have been programmed in the model.  A set of switches in 
the input allows the user to choose the desired fuel cycle path, and/or combination of paths.  For 
example, it is possible to model a PWR operating with a mixed UOX/MOX core, or a fast reactor 
receiving TRUs both (1) from reprocessed fuel irradiated in a previous island and (2) from its own 
reprocessed fuel. 

 
Figure 4.  Schematic representation of the NE-COST structure. 

The front end possible paths in each island are based on the source of the main fissile material: 

� Mined natural uranium.  The extracted uranium needs to be converted, enriched, and 
fabricated before the reactor irradiation.  The depleted uranium that is not used as makeup fuel 
in another island, is de-converted before disposal. 

� Reprocessed fuel received from the previous island.  The user has the choice of which fissile 
drives the amount of separation services required, between plutonium, transuranics, minor 



actinides and recovered uranium.  The amount of separation services (in $/kgHM of feed 
material) is determined by the ratio of main fissile material fraction required in the output fuel 
and the main fissile material fraction present in the feed fuel.  All the output streams of the 
separation plants can be stored, disposed of, or re-used.  It is noted that the fact that the code 
performs equilibrium calculations does not prevent the possibility of temporary storage.  The 
code allows the re-enrichment of recovered uranium, with a different SWU cost as compared 
to that of natural uranium. 

� Reprocessed/re-fabricated fuel from the reactor on the island.  This is a material feed-back 
loop within the island. 

The back end possible paths in each island are: 

� Wet Storage + do nothing (i.e., simply pass the discharged fuel to the next island). 

� Wet Storage + dry storage + 1 mills/kWh ($0.001/kWh).  

� Wet Storage + dry storage + geologic disposal. 

� Reprocessed/re-fabricated fuel from the reactor on the island.  This is a material feed-back 
loop within the island.  A feedback loop within an island is, by definition, both a front-end and 
a back-end path.   

For each of the above paths, it is possible to eliminate the cost of any step by simply “zeroing” its 
cost in the NE-COST input.  All the masses and the unit costs are normalized to 1 kg of initial heavy 
metal (kgiHM) and subsequently scaled up by the batch requirement including processing losses, and 
discounted using lead/lag times for purchase/disposal at each refueling interval. 

Example of LCAE calculation for the “PWR-LEU to PWR-MOX for Limited Recycling” 
Nuclear Energy System with Direct Geologic Disposal 

As an example, the LCAE is calculated for the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES using NE-COST and the island approach computational framework, including 
uncertainties and correlations in the input costs.  A schematic of this NES is shown in Figure 1.  The 
computation of the LCAE for this system is simplified by splitting the fuel cycle into the two 
subsections (islands) as shown in Figure 2.  The calculated LCAE will subsequently be compared to 
the probability distribution functions for the LCAE for the “Commercial PWR-UOX once through” 
fuel cycle1, which is our basis for comparison. 

The input cost parameters, including uncertainties, are taken from the Cost Basis Report, and are 
summarized in Table 5 and in Table 6 respectively for islands 1 and 2, along with flags used by the 
NE-COST code and other NES parameter available through documents developed within the  FCT 
program.   

In Tables 5 and 6, a value of 3 for the “type of sampling” is occasionally used, to indicate that the 
random cost variable to be used for each Monte Carlo history should not be newly sampled, but rather 
taken from the corresponding set of sampled variables for the “Commercial PWR-UOX once through” 
NES case.  The random variable will therefore have a correlation of 1, and also identical value, to the 
corresponding set of sampled variables for the “Commercial PWR-UOX once through” NES case, 
used as a basis for comparison  for this example.  The correlated sampling capability of NE-COST is 
                                                      
1 The calculation of the LCAE for the “Commercial PWR-UOX once through” fuel cycle, which is computed with the same 
methodology and computer code, is not reported in this paper for reasons of space. 



currently limited (i.e., can only include correlations of 0 or 1).  However, in the case discussed here, 
the basic functionality already implemented is sufficient to illustrate the key features of this approach. 

Table 1 Set of relevant input parameters for the “island 1” part of the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES with geologic disposal. 

Low 
value 

Most Probable 
value 

High 
value 

Type of 
samplinga 

Input variable 

3000 3000 3000 0 Core thermal power (MWth) 
33.0% 33.0% 33.0% 0 Thermal Efficiency 
88.23 88.23 88.23 0 Fuel Heavy Metal (HM)mass (MTiHM) 

50 50 50 0 Burnup (GWD/MTiHM) 
90% 90% 90% 0 Capacity factor 

60 60 60 0 Plant financial and operational life (years) 
3 3 3 0 Number of batches 

0.042 0.042 0.042 0 235U Enrichment level 
5% 5% 5% 0 Discount rate 

2300 3500 5000 3 Over-night capital cost 
3.5 4 5 3 Years for construction 
5% 5% 5% 0 Interest rate during construction 
0.6 0.67 0.75 0 Escalation cost with power 
30 75 260 3 Cost of uranium ($/kgU) 
85 110 135 3 Cost of SWU ($/kgSWU) 

200 250 300 3 Cost of Fuel Fabrication ($/kgU) 
0 0 0 0 Added cost for fuel fabricationb 
0 0 0 0 Kg of extra fabrication material per kg of HM 
5 10 15 3 Cost of Conversion ($/kgU product as UF6) 
5 10 50 3 Cost of de-conversion ($/kgU product as UF6) 
0 0 0 0 Cost of off-site wet storage ($/kgHM) 

50 100 130 3 Cost of SNF conditioning before shipping ($/kgHM) 
1 1 1 0 Fraction of the core loaded with natural uranium 
0 0 0 0 Fraction of the core loaded with reprocessed materials 
1 1 1 0 Flag for back -end: 1: do nothing - 2: geol. repository - 3: dry 

storage+repository - 4: 1 mills/kWh - 5: Reprocessing within the island 
a Variable can be 0,1,2 or 3. 0: Deterministic value: do not sample (i.e. the sampler will ignore the Low and High value and use the Most Probable Value only) – 

1: Triangular distribution – 2: Uniform distribution – 3: Use correlation of 1 to a sampled set of reference values. 
b: Normally zero, can be used to add burnable poisons, Th, other extra materials that have independent fuel cost distribution. 

The following variables are treated as having a correlation of 1 to the values sampled for the 
reference set of samples generated for a UOX PWR case: 

� PWR plant overnight capital cost and years for construction.  It is apparent that, since both 
islands feature essentially the same reactors (with possibly some control mechanism 
modifications to handle MOX fuel), the capital costs, O&M costs and construction times have 
to be the same between the two. 

� Specific costs of uranium, natural uranium conversion, depleted uranium deconversion and 
natural uranium enrichment.  The cost of a unit of each of those services will not depend on 
the type of NES using them. 

� Cost of SNF conditioning before shipment. It is assumed that this cost has a correlation of 1 
between island 1 and the corresponding set of sampled variables for the “Commercial PWR-
UOX once through” NEScase under the assumption that it is the same process for SNF 
shipment to a geologic disposal and to a separation facility.  It is also assumed that this cost 
features a correlation of 1 for the MOX-PWR SNF versus the UOX-PWR SNF.  The validity 
of this assumption is less obvious, since the requirements for the transportation of the two 
SNF types may be different.  However, within the current limitation of NE-COST in this 
regard, it is considered a better assumption to assume a correlation of one than a correlation of 
zero, considering the similarities between the two fuel types. 



� Cost of SNF geologic disposal.  As in the case of SNF conditioning before shipment, the cost 
of geologic disposal of spent MOX-PWR fuel may not have a correlation of 1 to the cost of 
geologic disposal of spent UOX-PWR fuel.  However, within the current limitation of NE-
COST in this regard, it is considered a better assumption to assume a correlation of one than a 
correlation of zero, considering the similarities between the two fuel types. 

Table 2 Set of relevant input parameters for the “island 2” part of the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES with geologic disposal. 

Low 
value 

Most Probable 
value 

High 
value 

type of 
samplinga 

Input variable 

3000 3000 3000 0 Core thermal power (MWth) 
33.0% 33.0% 33.0% 0 Thermal Efficiency 
88.23 88.23 88.23 0 Fuel Heavy Metal (HM) mass (MTiHM) 

50 50 50 0 Burnup (GWD/MTiHM) 
90% 90% 90% 0 Capacity factor 

60 60 60 0 Plant financial and operational life (years) 
3 3 3 0 Number of batches 

5% 5% 5% 0 Discount rate 
2300 3500 5000 3 Over-night capital cost 

3.5 4 5 3 Years for construction 
5% 5% 5% 0 Interest rate during construction 
0.6 0.67 0.75 0 Escalation cost with power 

0 0 0 0 Added cost for fuel fabricationb 
0 0 0 0 Kg of extra fabrication material per kg of HM 

100 0 500 0 Cost of off-site wet storage ($/kgHM) 
50 100 130 3 Cost of spent nuclear fuel  conditioning before shipping ($/kgHM) 
0 0 0 0 Fraction of the core loaded with natural uranium 

1.0 1.0 1.0 0 Fraction of the core loaded with reprocessed material from the previous island 
1 1 1 0 Primary fissile for reprocessed stream (coming from previous island): 1: Pu;  2: 

U (possibly re-enriched);   3: MA 
0.107 0.107 0.107 0 Pu fraction in new re-fabricated fuel 

0.01 0.01 0.01 0 Losses at the reprocessing plant that accepts fuel from previous island 
0.0117 0.0117 0.0117 0 Pu fraction in the previous island fuel 
0.0521 0.0521 0.0521 0 FP fraction in the previous island fuel 

0.00137 0.00137 0.00137 0 MA fraction in the previous island fuel 
1108 1370 1619 1 Cost of reprocessing ($/kgHM) 
3000 3200 5000 1 Cost of MOX fuel fabrication ($/kgHM) 
2200 5000 6600 1 Cost of FP conditioning before storage ($/kgFP) 
1625 6500 8125 1 Cost of FP geologic disposal ($/kgFP) 

2 2 2 0 Flag for back -end: 1: do nothing - 2: geol. repository - 3: dry 
storage+repository - 4: 1 mills/kWh - 5: Reprocessing within the island 

400 650 1000 3 Specific cost of geologic disposal ($/kgHM) 
a Variable can be 0,1,2 or 3. 0: Deterministic value: do not sample (i.e. the sampler will ignore the Low and High value and use the Most Probable Value only) – 

1: Triangular distribution – 2: Uniform distribution – 3: Use correlation of 1 to a sampled set of reference values. 
b: Normally zero, can be used to add burnable poisons, Th, other extra materials that have independent fuel cost distribution. 

The probability distribution function of the cost of electricity for the entire system is shown in 
Figure 5, together with the probability distribution function of islands 1 and 2: the average LCAE 
(45.6 mills/kWh and the standard deviation is 4.2 mills/kWh) is obtained by the weighted average of 
the cost of electricity of each of the islands, using as weights the fraction of energy generated by each 
under conditions of equilibrium: 90.2% for the “Commercial PWR-UOX once through” and 9.8% by 
the “PWR-LEU to PWR-MOX for Limited Recycling” nuclear energy systems. 

Figure 6 shows a comparison of the probability distribution functions for the LCAE for the 
“Commercial PWR-UOX once through”   and for the “PWR-LEU to PWR-MOX for Limited 
Recycling” fuel cycles.  It is observed that there is substantial overlapping of the two distributions, 
making it impossible to say with confidence which one produces electricity more cheaply.  However, 
when the strong correlations between the previously mentioned input cost components are included in 
the analysis, it is possible to obtain the informative cumulative distribution function of the difference 



in LCAE between the two fuel cycles plotted in Figure 7.  The average difference in LCAE is 2.6 
mills/kWh and its standard deviation is 0.5 mills/kWh. Additionally, it is observed that there is 100% 
certainty that the LCAE of the “PWR-LEU to PWR-MOX for Limited Recycling” fuel cycles would 
be between 1 and 4 mills/kWh more expensive than that of the “Commercial PWR-UOX once 
through” fuel cycle. 
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Figure 5.  Probability distribution function of the LCAE for the two island parts of the “PWR-LEU to PWR-MOX for 

Limited Recycling” NES with geologic disposal, and for the combined system. 
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Figure 6.  Probability distribution function of the LCAE for the “PWR-LEU to PWR-MOX for Limited Recycling” 

NES as compared to the “Commercial PWR-UOX once through” NES. 

Conclusions 

This paper explains the innovative “Island” approach developed specifically to facilitate the 
computation of the Levelized Cost of Electricity at Equilibrium (LCAE) for complex, multi-reactor 
fuel cycles in an efficient, systematic and robust, manner. The functionality of the newly developed 



nuclear economic code “NE-COST”, designed specifically to calculate the LCAE of complex fuel 
cycles within the “island approach” computational framework, is discussed. 

As an example, the LCAE is calculated for the “PWR-LEU to PWR-MOX for Limited 
Recycling” NES using NE-COST and the island approach computational framework, including 
uncertainties and correlations in the input costs.  It is also shown how, by accounting for the 
correlations (when available) between input cost components, it is sometimes possible to obtain more 
informative comparison of the calculated cost of electricity to that of a reference fuel cycle option. 
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Figure 7.  Cumulative distribution function of the difference in the LCAE between the “PWR-LEU to PWR-MOX for 

Limited Recycling” NES, as compared to the “Commercial PWR-UOX once through” NES, when the known cost 
correlations are accounted for during sampling. 
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