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Open Cycle: Mono-recycling Cycle: Multi-recycling
- One fuel type (UOX, HALEU...) - Fuel types (UOX, MOX, URE) - Industrial reference scenario. Deploiement
- Sizable waste storage - Recoverable Pu and/or U planned for 2050.
- Puaccumulation - Requires reprocessing facilities - Multiple reprocessing of Pu and Rep. U
Reference cycle in most countries Reference cycle in France Not currently used in industry
Existing techno-economic academic evaluation No publicly available techno-economic evaluation
i «  Mainly based on the Levelized Cost Of Electricity (LCOE) i « Current LCOE methodology not compatible with
«  Static modeling of the fuel cycle multiple reprocessing of the materials
« Applied only on simplified macro-reactors fuel cycle i « Difficult to evaluate with static modeling

....................................................... R e
'

Two complementary dimensions are required to evaluate these new fuel cycles :
« Aphysics based analysis (detailed reactor models + fuel cycle simulation)
« Acost assessment based on the quantification of material flows through the cycle

= Development of a coupling between material flows/management and cost calculations
for the determination of key cost drivers in multiple fuel cycles
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CLASS - A DYNAMIC FUEL CYCLE SIMULATOR

Fig. 1: Example of a fuel cycle in the CLASS model
Physics Models:

- Fuel Loading Model (FLM)

=\ :
6 | ]
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- Cross Section Predictor (CSP)
- Bateman Solver (BS)
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= The CLASS simulator assesses U and Pu multi-recycling
from a physics standpoint but needs economic modelling
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Developped since 2010 Context
Historical collaboration CNRS & IRSN

Academic scenario code -

Definition of scenario assumptions Appl’O&Ch
Dynamic modeling of the fuel cycle

= Reactor models

= Evolution of fuel cycle facilities

Generation and analysis of outputs
=  Fuel cycle isotopic inventories evolution
»= Individual isotopic inventories evolution
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Fig. 2: Output for a French fleet simulation with recycling starting in 1991
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HANDLING ECONOMIC FLOWS IN CLASS
OBJECTIVE

Comparison of several nuclear fuel cycle evolution strategies with a common metric

STRATEGY

+ Determine the levelized cashflow over the trajectory
» Output a new metric, the Cost of the Electro-Nuclear System (CENS, €/ MWh)
* Output a detailed cost breakdown

= Reactor
= Front-end

= Back-end

METHODOLOGICAL FEATURES

* Integration of plant technical constraints
* Representation of system dynamic capacity
* Endogenous modelling of upstream and downstream production costs

Physical data
Technical constraints
Economic hypothesis

PHYSICS
RUNNING MODEL

Physical
constraints (flows,

stocks)

Material Flows
Industrial Process

Sizing of facilities
and storage units
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= Dynamic coupling provides both the CENS value and detailed cost breakdown
accross the entire fuel cycle
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O&M

CO2

Transport

FIXED COSTS
Investment
Dismantling
Refurbishment
O&M

Technical and economic assessment of Pu/U recycling strategies in the French nuclear fuel cycle

Cost of Electro-
Nuclear System

ECONOMICS

Fig. 3: Workflow for the Cost of the Electro-Nuclear System assessment within the CLASS framewor
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Input file : a model for defining each cost economic behavior

STATIC ANNUITIES PROVISIONS
Use case CAPEX — Fixed Capacity Use case Dismantling costs
Inputs OCC (€/Capacity) Inputs ODC (€/Capacity)
Construction Time Tc Construction Time Tc
Lifetime Lt Lifetime Lt
Discount rate r Discount rate r
Model TIC (Total Investment Cost) Model Dismantling Annuity
occ 1+ .
TIC = . A+t -1 _ y /
T, ( T ) (( +7) ) A’)_()DC"(1+,,.)i,r_1
Construction Annuity
e [T
A, =TIC - {(1 i 1
Output Constant annuity (€/metric/year) Output Constant annuity (€/metric/year)
Examples Fab_rication plant CAPEX Examples Reactor dismantling
Enrichment plant CAPEX Converstion plant dismantling

= Five methodologies implemented: default, static annuities, HLW cashflows, provisions, dynamic annuities
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OBJECTIVES

+ |dentify the key cost factors in open-cycle and mono-recycling scenarios ;
+ Compare the influence of these factors between the two scenarios.

SCENARIO PARAMETERS

Duration: 150 years

Power output: 63 GWe (Based on the French Nuclear Fuel Cycle)
Reactor lifetime: 60 years for UOX, 40 years for MOX

Facilities operate according economic optimums

Not reused material = waste, send to a final disposal

Reusable material send to a final disposal only after reactor shutdown
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GLOBAL SENSITIVITY ANALYSIS

Understand the input and output relation :

1. Design experiment for input variables

2. Run N simulations

3. Quantify the impact of each input variables on the output variability

REACTORS PARAMETERS

 Burn-up : 45 GWd/tHM
« 23U enrichment in PWR UOX : 3.81%
* Pucontentin PWR MOX : 4 —16%

"Free” storage

Fig. 4: Open cycle scenario flow diagram
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OBJECTIVES
+ |dentify the key cost factors in open-cycle and mono-recycling scenarios ;

e Comnarethe infliitence of thecse factore hetweon the two scenarins

Duration
Power o Ator ronciors
Reactor
iliti Interim Storage FP/MA/PU "Free" storage
Faci l ities uox FPIMA * Final Disposal ope b
Final Disposal
Not reus
Reusablq
FP/MA After reactors shutdown MOX
Storage
Ming 0 Enrichment Plant PWR UOX : Reprocessing Plant Fabrication Plant PWR MOX -
(Infinite UNat stock) —» UNat strategic stock 4){ 7.5 MSWU/vear + Pool — Interim Storage UOX 4){ Dynamic capacity }—b Interim Storage Pu Dynamic capacity }—) + Pool — Interim Storage MOX
Facllity
URT
Interim Storage Repl|——, Fmal“;ﬁ:osal
Reactor

DeplU Interim Storage
<—Aifter reactors shutdown DeplU

Final Disposal

Uapp

Fig. 5: Mono-recycling scenario flow diagram
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Approach

Focus on the back-end of the fuel cycle
Reactors + front-end CAPEX/OPEX fixed
Other costs treated as variables

Technical variables

MOX power fraction in the fleet
0.6% - 9,5%

Interim Cooling Time
1 - 60 years

«  Depleted Uranium?
» Reprocessed Uranium?

.« uoxt
- MOX?
.« FP/MA/PU?

10pen-cycle only
2 Mono-recycling cycle only
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Economic variables

Nat. Uranium purchase cost

\ 4

CAPEX and OPEX

Final Disposal
Spent Fuel
Depleted Uranium
Reprocessed Uranium?
FP/MA/Pu?

Interim Storage
UOX
MOX?2

Facilities?
* Reprocessing Plant
+ Fab. Plant MOX

y

Reactors cost

Refurbishment

A\

y

Technical and economic assessment of Pu/U recycling strategies in the French nuclear fuel cycle

Dismantling
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DATA SELECTION

Reference value :

* Based on a publicly available reference value from historical French nuclear data

* If no historical data available, data taken from international technical economic literature
* Realistic min and max value selected around this reference value for variables

DATA SAMPLING

Global sensibility analysis based on 10 000 simulations with Latin Hypercube sampling for each scenario
Two experimental design : uniform and log-normal random draw

500p NEA reference value =1283 €/tHM/year
LHS log-normal
= Log-normal PDF
LHS uniform

Uniform PDF

400p

300p

200p

Probability density

100p

2k 4k 6k 8k 10k 12k 14k 16k
Value (€/tHM/year)

Fig. 6: Spent Fuel Final Disposal OPEX variable uniform and log-normal sampling (€/tHM/year)

= Data sampling is challenging due to limited historical economic data and the absence of defined upper bounds
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RESULTS: The difficulties of a variance based

First approach : elasticity

» Traditional economic approach
* Measures the responsivness of one economic
variable to a change in another

N
InCENS =ag + Zen Inz,,
n=1
OlnCENS % % of changein CENS
€pn — == = -
dlnzx, dz, % of changeinx

T

= ¢ determination through a multiple linear regression on In(CENS)

= ISsue : obtained coefficients €, are extremely
dependant on the sampling methodology as the
relationship between In(CENS) and In(xn) is rarely linear.

approach with economic variables Dataset

B mox
B mox_gauss
M A% (mox_gauss vs mox)

Coefficients

0.015

0.01

Coefficient

0.005

0=

LL.

Relative difference (%)

0= =

-48.6%
-60.4%

Interim UOX Spent Fuel Final Disposal HLW Final Disposal
Investment Cost Investment Cost Investment Cost

Fig. 7: €, comparison between the uniform (purple) and log-normal (red) sampling for the MOX scenario

Key cost factors identification Cost factor comparison between fuel cycle Independance from the sampling
5\!1\“(“3 UthGCh Technical and economic assessment of Pu/U recycling strategies in the French nuclear fuel cycle Heure thésarde — April 30, 2026 — Nantes, France
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RESULTS: The difficulties of a variance based approach with economic variables

Dataset

W mox
B mox_gauss
Second approach : MLR level-level W A% (mox_gauss vs mox)
Coefficients
Slmpllfled approach '
Evaluates the influence of each variable g os
independently from the others £
+ Enables comparison across scenarios sharing S os
identical variables 5,
5 o
v
CENS =ap + Z UnTn 02
n=1 0— — _|
ACENS Relative difference (%)
a = 3.9%
n Awn +
7 S 2 -0.3% +4.8% +3.9%
= a,, determination through a multiple linear regression on CENS 0= = S S |
- — - HLW Final Disposal Interim UOX Spent Fuel Final Disposal
= ISsue : obtained coefficients a, are independant of the Investment Cost Investment Cost Investment Cost
sampling method for the economic variables, but do not
permit a key factors identification due to the different scale Fig. 8: Normalized a, comparison between the uniform (purple) and log-normal (red) sampling for the MOX scenario
and unit.
Key cost factors identification Cost factor comparison between fuel cycle Independance from the sampling
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RESULTS: Mono-recycling, more resilient but still more expensive Dataset

Reactors costs : identical + uncertainties as
independant from the strategy

Storage of Depl. U : huge decrease (74.6%)

» Final Disposal Depl. U can only open after
MOX Fab. Plant closing

* Less enrichment needed due to MOX fuel

Storage of UOX costs decreasing

* Interim UOX with less capacity due to the
reprocessing

*  Quantity of spent fuel greatly reduced

However

New cashflows (Repro. Plant, HLW storage...)
compensate entirely these costs reduction :

= Apox_fraction IS POSitive for both sampling ;

the CENS increases with the mox power fraction.

= A Pu mono-recycling fuel cycle with 10%
MOX is 1 - 3 €/ MWh more expensive than an
open-cycle one.
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Normalized coefficient

A%

Technical and economic assessment of Pu/U recycling strategies in the French nuclear fuel cycle

M uox_gauss
B mox_gauss
B A% (MoX_gauss vs UoX_gauss)

hLkk

-37.4%
-14.2% -60.0%

-37.94%
-60.0%

Coefficients

Relative difference (%)

-44.8%

-44.8%

Depl. U PWR UOX PWR UOX Nat. U Interim UOX Spent fuel Spent fuel Interim UOX
Final Disp. Refurbishment Dismantling Purchase 0o&M Fin. Disp. Fin. Disp. Inv. Cost
Inv. Cost Cost Cost Cost O&M Inv. Cost

Fig. 9: Normalized a,, comparison between UOX and MOX scenario with log-normal sampling
Only the variables in common are represented on this graph.

= These first conclusions are perfectly coherent with the literature
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CONCLUSION

= A conclusive methodology has been developed for the evaluation of complex
nuclear fuel cycle strategies

= Enables the generation of multiple economic scenario analyses through
dynamic technical-economic coupling

= Tested on a Global Sensitivity Analysis for the comparison of an open cycle
and a mono-recycling scenario

= Results coherent with the literature, but no fulfilling metric has been found for a
complete results analysis

Prospects:

= Pursue the search for a satisfying methodology for analysing outputs

= Broaden the scope to include U+Pu mono- and multirecycling analysis

= Apply the methodology to the historical French Nuclear Fleet with individual
reactors
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Methodology Static annuities Provision on costs Dynamic annuities

Main use Default CAPEX — Fixed capacity Dismantling CAPEX — Evolving capacity
User Input Yearly cost value ~ Overnight Construction Cost OCC Overnight Dismantling Cost (ODC) Base Cost B (€)
(€/metric) (€/capacity) (€/capacity) Construction Cost CC (€/metric)
Construction time Tc (years) Lifetime Lt (years) Initial Capacity C, (metric)
Lifetime Lt (years) Discount rate r Construction TimeTc (years)
Discount rate r Discount rate r
Model None Total Investmement cost : First years annuity :
computation TIO — OCC 147y 1 T. 4 Dismantling annuity A : Be
T. ( r ) (( +7) ) . AC=("I;CC).(1+’").((1+T)'R1)
Ap =0DC - T T e r
Annuities : It When new capacity (C,) is deployed :
re(1+7)
Ao =T1C [y 1= (59) (52)- (0
CTN\TL T
Model final input  Yearly cost value  Annuities (€/metric/year) Dismantling annuity (€/year) Annuities(€/year)
(€/metric/year) Same every year Same every year Evolving with time
Evolving with time Applied for Tc years before each new
capacity extension
Examples Natural uranium Fabrication Plant CAPEX (€/tHM) Reactors dismantling (€/W) Interim Storage Construction(€/tHM)
purchase (€/kg) Enrichment Plant CAPEX (€/SWU) Conversion Plant dismantling (€/tU) Pool construction (€/tHM)
Reactor
operational cost
(€/Wlyear)
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|Variah|e Name Min. Reference Max Unit (2025) |Source

MOX fraction MOX_fraction 6,00 %] 9,50 %|- Between the minimal computable value and the equilibrium

Final Disposal Overnight Construction Cost _ [finDisp_invCost 4,12E+04) 8,84E+04 2,89E+06[EMHM Between min and 10x max (NEA, 2013) values

Final Disposal O&M Cost finDisp_OM 1,28E+03 1,22E+03 1,73E+04i€tHM/year  |Between min and 10x max (NEA, 2013) values

Interim UOX Overnight Construction Cost int_uox_invCost 6,56E+04 1,38E+05 2, 24E+06[EAMHM Between min and 10x max (NEA, 2013) values

Interim UOX O&M Cost int_uox_OM 2,62E+02 5,80E+02 1,16E+04i€tHM/year  |Between min and 10x max (NEA, 2013) values

Interim MOX Overnight Construction Cost int_mox_invCost 1,64E+05 3,45E+05 5,60E+06/EAHM Between min and 10x max (NEA, 2013) values

Interim MOX O&M Cost int_mox_OM 6,55E+02 1,45E+03 2,89E+04i€tHM/year  |Between min and 10x max (NEA, 2013) values

Final Disposal Rep. U + Depl. U cost factor u_def cost 4,49E+04 8,98E+04 2 69E+05[EHM Between 0.5 and 3x times EDF estimation (CDC, 2012)

Final Disposal FPIMA cost factor pfma_def factor 7.50E+09 2.50E+10) 2.50E+11€ Between 0.3 and 10x times the CIGEQ cost analysis (ANDRA, 2020)

PWR Overnight Dismantling Cost uox odc 0,33 0,45 1,12|[E/W Between 300 M€ and 1 B€ for a 900 MW PWR

PWR Overnight Refurbishing Cost uox_orc 0,79 1,59 3. 18[E/W Between 50 B and 200 BE£ for the 63 GW fleet

Front-end Plant Overnight Dismantling Cost |front odc 0,33 1 3 Between a third and three times the base cost of the French facilities (NEA 2013, AREVA 2004)
Reprocessing Plant cost factor rp_factor 0,33 1 3 Between a third and three times the base cost of the French facilities (CDC, 2014)
Fabrication Plant MOX cost factor fp_factor 0,33 1 3 Between a third and three times the base cost of the French facilities (De Roo et al., 2011)
Interim Cooling Cycletime (all) name_cycletime 0l 60 Realistic waiting schedule hefore geological repository opening

Uranium Cost 0 12 250i€/kag Log-normal calibrated on the historical spot price of natural uranium
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Facility QCC Q&M Unit Source
Conversion Plant 193 SEISWU NEA, 2013
Enrichment Plant 533 11[€/SWU Areva, 2004
Fabrication Plant UOX 852 104{€/SWU NEA, 2013
Reprocessing Plant 155E+07]  4,08E+05€iHM CDC, 2014
Fabrication Plant MOX 3,75E+07 835[EMHM De Rooetal., 2011
Pressurized Water Reactor 3,45 181€/W CDC, 2012

O&M costs were determined from the capital annuities using the 70/30 methodology (Patarin, 2002). Assuming a load factor of 1, capital annuities

make up 70% of the annual costs and operation and maintenance make up the remaining 30%.
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CENS distribution — Open Cycle

Log-normal distribution

CENS_back CENS_front CENS
1400 200
500
1200
400
400
1000
Z Z Z 300
£ 300 5 800 G
= ] =
[=n o [=n
& £ &
600 500
200
400
100 100
200
5 10 s ) 4 & 8 - 10 45 50 55
Value (€/MWh) Value (€/MWh)

Value (€/MWh)

CENS (€/MWh) Back-end Front-end Total
Mean 4.1 2.8 44.2
Variance 4.3 0.3 4.6
St. deviation 2.1 0.5 2.2
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CENS distribution — Open Cycle

Uniform distribution

CENS

CENS_back CENS_front
s00 500

2000

400 400
1500
300 300
) ) )
[ = [ = =
18] 4] 8]
=1 =1 =1
o o o
o o o
[T [T L
200 200
100 100
- 6 8 10 12 50 60 70 o

10 20 30

Value (€/MWh) Value (€/MWh) Value (€/MWh)

CENS (€/MWh) Back-end Front-end Total
Mean 11.2 3.0 52.0
Variance 24.9 0.4 25.7
St. deviation 5.0 0.6 5.1
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CENS distribution — Pu Mono-Recycling

Log-normal distribution

CENS_back CENS_front CENS
700
800 1400
700 1200
600
1000
& 500 o &
§ & 800 5
=3 =
g g g
L L L
600
400
200
10 15 o 4 & 8 10 50 55
Value (€/MWh) Value (€/MWh) Value (€/MWh)
CENS (€/MWh) Back-end Front-end Total
Mean 3.9 2.7 44 .2
Variance 1.0 0.2 14
St. deviation 1.0 0.5 1.2
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CENS distribution — Pu Mono-Recycling

Uniform distribution

CENS_back CENS_front CENS
1400
350
1200
300
1000
250
) g 800 )
g 200 o 5
=1 =] =1
[=n (=3 [=n
v o v
[TH L [TH
150
100
50
o 5 10 15 o 6 T8 . i 45 50 55
Value (€/MWh) Value (€/MWh) Value (€/MWh)
CENS (€/MWh) Back-end Front-end Total
Mean 8.3 2.8 49.1
Variance 5.2 0.4 6.0
2.3 5.0 0.6 2.4
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Dep. Variable: CENS
Model: oLs
Method: Least Squares
E=H Fri, 03 Apr 2026
Time: 14:04:03
No. Observatiens:

Df Residuals:

41.3818

.981e-06

x .275e- 05
uox_cyc : -0.0191
TinDisp 2.561e-06
finDisp OM .195e-85
uox_odc 0.4898
front_0DC 0.1286
uox_orc .8453
U cost .0275
u_def cost 2.3098
.0939

Omnibus :
Prob(Omnibus) :
Skew:

Kurtosis

R-squared: .868
Adj. R-squared: .868
F-statistic 5981.
Prob (F-statistic): 6.00
Log-Likelihood: -11725.
AIC: 2.347e+04
BIC: 2.356e+04

[=a e Qe s B B Qs e s e s e

Jarque-Bera (JB): 11512.567
Prob(JB): 0.00
nd. .33e+06

Model:
Method:
Date:
Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Typ

mox_fraction
finDisp invCost
finDisp OM

u def cost
uox_orc

uox_odc
rp_factor
fp_factor
pfma_def factor
mox_cycletime
pfma_cycletime
urt_cycletime

Omnibus:
Prob(Omnibus) :

COPOOOHO O O

CENS

oLs

Least Squares
Fri, 83 Apr 20826
13:55:20

10600

9982

17

nonrobust

.64e-08
2.66e-06
.74e-08
.84e-06
.13e-09
.56e-06
0.010
0.011
0.028
0.010
0.010
0.004
0.000
0.000
0.000
0.000

R-squared:

Adj. R-squared:
F-statistic:

Prob (F-statistic):
Log-Likelihood:

D 0000000000000

Durbin-Watson:
Jarque-Bera (JB): 977754.852
Prob(JB): 0.00

[1] standard Errors assume that the covariance matrix of the errors is correctly specified.

[1] standard Errors assume that the covariance matrix of the errors is correctly specified.

Open Cycle Pu Mono-Recycling Cycle
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OLS Regression Results

ENS R-sq
= - 0LS Adj. R-squared:
6.819 Least Squares F-statist
j. R-squared: 6.818 Date: Fri, ©3 Apr 2026 Prob (F-statistic):
Least Squares F-statistic: 4898. Time: 13:57:86  Log-Likelihood
Fri, ©3 Apr 2026 Prob (F-statistic): 0.00 No. Observations: 4 2.
: 14:05:24 Log-Likelihood: -21891. Df Residuals: 2 ] 2.884e+04
No. Observations: AIC: 4.381e+084
Df Residuals: BIC: 4.389e+084
Df Model:
Covariance Ty

0.975]

40.0832

0.975] mox_fraction 16.1369
finDisp invCost 9.502e-07

finDisp_OM 1.502e-85

.95e-06 int uox_invCost 1.21le-06
.37e-85 int_uox_OM 1.674e-85
-0.118 int_mox_invCost 5.082e-08
2.83e-06 i X 1.81e-06
.48e-05 : -3865
.584 X or 0.8288
0.184 oA
943 rp factor .6947
fp_factor .2823

pfma def factor .0903

mox_cycletime .8517

pfma_cycletime L0177

urt_cycletime 0876

0265

int uox_invCost 1.884e-06
int uox_OM .074e-05
uox_cycletime 0.1204
finDisp invCost 2.779e-06
finDisp OM .568e-05
uox_odc .3978
front_0DC 0.1289
uox_orc .8811
U cost .0278
u_def cost 2.3737
uapp_cycletime . 1468
Omnibus: - Durbin-Watson: 1.976
Prob(Omnibus) : - Jarque-Bera (JB): 2404.914
Skew: . Prob(JB): 0.00 omnibus ; Durbin-Watso
Kurtos ond. No 1 +07 Prob(Omnibus): .08 Jarque-Bera (JB): 4394.466
= Prob(JB): 0.00
Cond. 1.45e+08

D000 O
(oo NclolcNololololoolololcNolicololol

Notes:
[1] standard Errors assume that the covariance matrix of the errors is correctly specified.

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
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Dep. Variable:

No. Observations:

Df Residuals:
Df Model:
Covarian

int wox invCost
int_uox OM
uox_cycletime
finDisp_invCost
finDisp OM
uox_odc

front _0DC
uox_orc

U_cost

u def cost

uapp cycletime

Omnibus:
Prob(0Omnibus):
Skew:

Kurtosis

OLS Regression Results

CENS

oLs

Least Squares
Fri, 03 Apr 2026
14:81:55

100060

9988

11

nonrobust

Do o000 W

R-sq d :
Adj. R-squared:
F-statistic:

Prob (F-statistic):

Log-Likelihood:
AIC:
BIC:

DO DO DDDDDDODD

Durbin-wWatson:
Jarque-Bera (JB):
Prob(JB):

Do DDDDDW

-4.
-4,

988e+04
979%e+04

Dep. Var
Model:
Method:
Date:
Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Ty

mox_fraction
finDisp_invCost
finDisp OM

rp_factor
fp_factor
pfma def factor
mox_cycletime
pfma_cycletime
urt_cycletime

U _cost

Omnibus
Prob(0Omnibus):
Skew:

Kurtosis

00D OW

OLS Regression Results

NS

oLs

Least Squares
Fri, @3 Apr 2026
13:53:32

-square
j. R-squared:
F-statistic:

Prob (F-statistic):

Log-Likelihood:
AIC:

[N oNoNoNoloNoNololoNo oo lololoNol

Durbin-Watson
Jarque-Bera (JB):
Prob(JB):

31582.
-6.313e+04
-6.300e+04

.025
.005
.0e1
.007
.001
.001
.000
.016
.033

[1] standard Errors assume that the covariance matrix of the errors is correctly specified.

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
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OLS Regression Results

Dep. Variable:
Model:

Method:

Date:

Time:

Mo. Observations:

Df Residuals:
Df Model:
Covariance Type:

CENS  R-squared:

0LS Adj. R-squared:
Least Squares F-statistic:

Fri, 03 Apr 2026
14:06:48
10000
9988
11
nonrobust

Log-Likelihood:
AIC:
BIC:

Prob (F-statistic):

0.790
0.790
3412.
0.00
17180.
-3.434e+04
-3.425e+04

int wox invCost
int uox OM

uox cycletime
finDisp invCost
finDisp OM
uox_odc

front 0DC
uox_orc

U cost

u def cost

uapp cycletime

oo oW

. 540
.085
.796

oo oceoceoe @
OO

D00 DODDODODMN

Omnibus:
Prob(Omnibus):
Skew:
Kurtosis:

Durbin-watson:
Jarque-Bera (JB):
Prob(JB):

Cond. No.

2.000
4336.633
0.00
721.

Notes:

DO oD@ W

0LS Regression Results

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

CENS R-squared:
OLS Adj. R-squared:
Least Squares F-statistic:
Fri, 83 Apr 2026
13:58:49  Log-Likelihood:
loeee AIC:
9982 BIC:
17
nonrobust

Prob (F-statistic):

0.760
0.760
1862.
0.00
22992.

-4.595e+04
-4.582e+04

mox_fraction
finDisp invCost
finDisp OM

int vox invCost
int_uox_OM

int _mox_invCost
int_mox_OM

u def cost
uox_orc

uox_odc

rp factor
fp_factor
pfma_def factor
mox_cycletime
pfma_cycletime
urt cycletime
U_cost

R
[cRoRcRcNoRofoNolololololololololo it

(oo oMo o N o-Ro o o R o R o R o R o I R o I o I o I o)
(e Qe e e B e Qe v s e s e s e i e s

OO0 OW

Omnibus:
Prob(Omnibus) :
Skew:
Kurtosis:

w
=
owuwm

Durbin-watson:
Jarque-Bera (JB):
Prob(JB) :

Cond. No.

@D

1518.009
0.08
1.13e+03

[cNoNoNoNoNoNoNoNo oMo Ro RN T

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified. Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
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