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ANICCA code

• A homemade SCK-CEN code. 
• Designed to be a flexible tool to simulate nuclear fuel cycle scenarios
• Written in Python (v3.9)
• Material flows as packages. 
• Each package contains:

ü Isotopic vector (all available in the Evaluated Nuclear Data File)
üAmount 
üName

• It uses reactor libraries from Aleph2 or Serpent 
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ANICCA code

üMining

üFuel Fabrication plant

üDifferent reactors
üReprocessing plant

üRepositories (interim or final) 

• ANICCA can model different FC strategies

• …and different facilities:
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• It is possible to add external materials or an initial 
legacy



ANICCA code

• Inputs: 
• Scenario (parameters, facilities, 

connections, outputs)
• Reactor parameters (Power generation, 

BU, etc.)
• Nuclear data (ENDF, reactor XS)

• Outputs:
• Resources (and other FC parameters)
• Economics parameters (new)
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ANICCA runtime



ANICCA outputs

• Material mass and composition in 
any facility
ü By isotopes

ü By elements 

• Radiotoxicity and decay heat
• Fuel fabrication parameters

ü SWU

• Power production and installed

• Electricity generation by reactor
• Installed Capacity by reactor
• Reactor In/out
• Storage Capacities
• Material movement 
• Parameters for UOX and MOX fuels
• Material reprocessed

Resources and other parameters Economic parameters
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ANICCA Economic output (example)

• This is an example of an input for the economic module
• Special ID words are used to name the columns
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ANICCA Economic output (weak points)

• Reprocessing “on demand” not implemented (yet) 
• It is not possible to allocate the reprocessing cost to a specific reactor

• Waste management facility not implemented (yet)
• It works only with masses
• No encapsulation process 
• No vitrified waste units

• Unknown units: 
• Millions, Kilos, GW, MW, $ ?...

8



Table of contents

• ANICCA code
ü Economic module
• Results for a Fuel cycle scenario
• Summary and future works

9



Economic module

• Intended to further comparison between different FC strategies
• Stand alone script written in Python 
• It divides the LCOE into the four main sources of cost

üInvestment
üOperation and Maintenance  
üFuel
üBack-end

• It gives the LCOE by reactor and for the whole cycle
• It allows uncertainties in the unit costs for Monte Carlo analysis
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Economic module

Investment
Operation and 
Maintenance Fuel Back-End

It includes:
- Overnight cost
- Interest during 

construction (3 
models)

- Loan Interest

A fixed percentage of 
the overnight cost

UOX:  Fabrication, 
NatU, conversion, 
SWU.
MOX: Fabrication 
(reprocessing, not here!)

It includes:
• Reprocessing
• Storages
• Decommissioning
• Transport
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Economic module

Investment: 
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The sum of the next three cost:
1. Overnight cost : The total cost of the project 

2. Interest during construction (three models):
• All money at the beginning
• All money in the middle 
• The money is splitted into the construction time

3. Loan Cost: For the payback period



Economic module
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O&M: 
• Fixed cost per GWe/year

FUEL:
1. UOX cost: 

2. MOX cost: 

* Warning! No real data



Economic module
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Backend: 
• Reprocessing: 

• Variable cost per ton

• Storage: 
• Fixed cost 
• Variable cost per ton

• Transport: 
• Variable cost per ton

• Decommissioning
• Fixed cost (%) or a variable cost per energy unit

* Warning! No real data



Economic module: Data

Data: The Economics of the Back 
End of the Nuclear Fuel Cycle 
(NEA,2013)

Lack of data and large discrepancies 
between sources.
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Economic module: Data
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DATA: “Analysis of advanced European nuclear fuel 
cycle scenarios including transmutation and economic 
estimates” (Merino,2014)
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The fuel cycle scenario:
Assumptions:
• New nuclear power country (2040)

• 20% of the electricity with nuclear (by 2050)

• Comparison between two scenarios
• Open fuel cycle (SC-1): 

• A FD for SF (UOX)

• Open fuel cycle with reprocessing (SC-2)
• We pay for the reprocessing 
• RepU, Pu, MA are not considered anymore and 

sent somewhere (for free)
• We keep the vitrified HLW
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FC scenario: Material balance results 

Fuel Fabrication:
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SC-1/SC-2
UOX Fuel 26.000

Nat. Uranium 270.000
Dep. Uranium 244.000

Total Production (tHM)



FC scenario: Material balance results

Reprocessing in SC-2: Max: 250 tHM/year (from 2060)
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Material separated and transported
Storage Capacity

(Only Interim and FD are considered in the economics) 



FC scenario: Economics results

Based on Best Estimate unit costs:
• SC-2 is ~6% more expensive than SC-1
• The investment cost is the greater 

contributor
• Reprocessing makes more expensive the 

scenario (It has to be for free to make 
sense)
• What about fuel leasing? 

• We can pay up to 50% more 
• No need to deal with HLW
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Scenario SC-1 (%) SC-2  (%)
Investment 61.92 58.23
O&M 22.76 21.40
Fuel 10.17 9.56
Back-end: 5.15 10.81

Reprocessing -- 7.37
Storage 3.13 1.73

Transport 0.46 0.24
Decommissioning 1.56 1.46

LCOE (¢/kWh) 4.79 5.09



FC scenario: Economics results (Monte Carlo )
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SC1 SC2



FC scenario: Economics results (Monte Carlo )
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SC-1 & SC-2 comparison

SC-1 & SC-2 (when removing the Investment uncertainties)

*Averages: SC-1 = 4.94 and SC-2= 5.33
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Summary

• ANICCA can model different fuel cycle strategies 
• Two types of outputs can be obtained
• Materials balance 
• Economics parameters

• It is provided with a new capability to estimate the LCOE (with some limitations) 

• First results shows that the module works properly  
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Future works

• Reprocessing on demand in ANICCA
• Waste management facility in ANICCA
• Solve flags in the economic output (from the FC analysis)

• More methods to calculate the LCOE
• Robustness 
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An open personal question!

Does it make sense going further with these types of analyses 
(more complex methods), if the uncertainties and lack of data 
devour most of the main outcomes that we can obtain?
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