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Uncertainty in LCA Models

+HKA
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Background contribution  Background fit
What is the uncertainty of the How well does the
background process? background process

match my system?
(Kaddoura et al.,
2025)

Parameter Flow data quality
What is the inherent  How well does the flow

variability of amount match my system?
parameter?

Flow amount
What is the inherent
variability of flow amount?

«— (Some) Factors that contribute to the output uncertainty —
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Uncertainty Apportioning +H KA

Background Contribution Results from 1000s of Ex!sting implementations either
What is the uncertainty of the underlying parameters 1) ignore background, or

background process? 2) consider all 1000s of background parameters.

’__________\

Two categories of | Sseiio cemplling

methods: : Random sampling :
: Sobol (Li & I Sobol : :
) TreeSHAP ’ , Fractional factorial
| Mahadevan estimator) Lundberg, 2019 | (Saltelli sampling) Saltelli, 2007
Li and Mahadevan, 2016 Saltelli, 2007
PAWN .
I )iﬁﬁoliteaar;[g;e Pianosi and Wagener, I FAST Method of Morris
| Chen. 2016 2018 | Saltelli et al., 1999 Campolongo et al., 2007
: Spearman rank RBD-FAST I
correlation Tarantola et al., 2006
Spearman, 1904
| Standardized |
regression coefficients ~ Delta
\ Xu and Gertner, 2008 Plischke et al., 2013 ’
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Existing (Free) Solutions HKA

Name Types of uncertainty supported Uncertainty apportioning
Flow amount [Flow data quality |Parameter |Background |Background Foreground |Background
fit contribution
Software
openLCA O O O
brightway (Python) O O O O
* via flow amount
gsa_framework (Python) O O O
* two-stage |*two-stage
lca_algebraic (Python) O O
Did we forget your solution? (i Let us know!
Icatoolbox (Python)
*single-stage | *single-stage
Papers
Kim et al., 2025 ¢ O O
*two-stage |*two-stage
Kaddoura et al., 2025 | @
*single-stage | *single-stage
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Our Package: Icatoolbox HKA

Background fit
Approximated with log normal
distribution and pedigree score. Parameter

(Kaddoura et al., 2025)

B !

\ H * *

| background process |___background fit (* param)

| background_contribution 1 flow data quality * flow _amount
J

[ T \

Background contribution Flow data quality  Flow amount
Approximated with log

normal distribution and
pedigree score.

foreground process

«— Computed from Monte

Carlo simulation —s «— Defined as parameters inside brightway —
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Input: LCA model in a spreadsheet +H KA

All sheet beginning with “a_“ define new activities.

A B | ¢/ o0 | € | «x [ L | M /N | o [ P | Qo | R
LI Name _|PCB assembly, power+sensor [common]
kAl | ocation DE
n Product assembled PCB, power+sensor [commaon]
alll Amount 1

N unit item(s)

Uncertainty

Description Group Amount Unit Type Activity Product Type Location Categories Data Quality Activity Fit  Note

1x INA234 (1) ic_ina234_divkilogram Mo uncertainty market for integrated cik technosplt GLO (L;L;1;1:1) (1,1;1;1;4)

13x Capacitor, SMD, 0603 (C1, C2, C3, C4, C5, C6, C7, » | »

C8, Cs, C10, C11, €12, C13) 13*cap_smd_ kilogram Mo uncertainty market for capacitor, foi technospl GLO (L,1;1511) (1,1;151;2)
n 2x 5IP32431DR3-T1G3 (ICL, IC2) 2%ic_sip3243*kilogram Mo uncertainty market for integrated cit technaspl GLO (LL11;1) (L1114)
1x inductor, SMD, 2813 (L1) 1*ind_smd_2kilogram Mo uncertainty market for inductor, low* technospl GLO (LLLL1) (151515152)
m 1x inductor, SMD, 3816 (L2) 1*ind_smd_2kilogram Mo uncertainty market for inductor, low* technaspl GLO (LLLL1) (11;15152)

1LY 1x resistor, SMD, 0805 (R1) 1*res_smd_C*kilogram Mo uncertainty market for resistor, surf* technospl GLO (L;L;1;151) (1,1;1;152)
11x resistar, SMD, 0603 (R2, R4, RS, R6, R7, RS, RS, ; | ;

R10, R11, R12, R13) 11%res_smd_ kilogram Mo uncertainty market for resistar, surfi technospt GLO (L1151 (1,1;1512)

{[7W 1x resistor, SMD, 2512 (R3) 1*res_smd_2kilogram Mo uncerainty market for resistar, surf* technospt GLO (1;1;1;1;1)  (1;1;1;1;2)

M 4 p M = ppaemeters | aall phases B | aall phasesS | aprod | aprodB | aprodS | a prod pch power sensor a_prod_pcb power sensor B | a prod_pcb power sensor S | a_prod_pcb_meu_lora
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Input: LCA model in a spreadsheet +H KA

All sheet beginning with “p_" define new parameters.

A B . c /0o | € | F | G | _H

Uncertainty  Uncerfainty Uncertainty Uncertainty ~Uncertainty Uncertainty |
Name Value Type Location Scale Shape Minimum Maximum Note
ic_ina234 die_area_mm2 0,4044456 Triangular | 0,4044455 0,1011114 1,0223426,BGA, 1.12346 mm? package, die i
BBl ic_sip32432_die_area_mm2 0,6174 Triangular | 0,6174 0,1323 1,4553,50P, 2.1x2.1mm2, die is 0.03 — 0.
ic_as7341 die_area_mm2 1,736 Triangular | 1,736 0,31 3,1:DFN, 2.0x3.1mm2, die is 0.05-0.5 ¢
BBl c_shtcz_die_area_mm2 1,12 Triangular : 1,12 0,2 2/DFN, 4mm2, die is 0.05-0.5 of hou
n ic_tpsmB&3100s_die_area_mm2 1,456 Triangular : 1,456 0,26 Z,E;DFN, 2.0x2.6mm?2, die is 0.05-0.5 ¢
ic_bg25570_die_area_mm?2 2,7083 Triangular I 2,7083 0,666125 6,56125!GFN, 3.65%3.65mm2, die is 0.05-0
N ic_mspa20frs969_die_area_mm2 13,72 Triangular I 13,72 2,45 24,5/QFN, 7x7mm2, die is 0.05-0.5 of |
n ic_die_to_mass_ratio_cm2_per_kg 180 Triangular : 180 125 lﬂDDiThesis from Paul Teehan, https://d
m cap_smd_0603_mass_mg 6| Uniform | 3 9,1:@_9_5%1:3!\}1_9%@@'[% https:/ ww
n cap_smd_0805_mass_mg 15 Uniform | 6,4 ES:Q.Q.E.Q‘IEIM}QE,‘E&P,@ https://ww
cap_tht 35 8 mass g 1,9 Triangular : 19 1,7 2,1:VEEQ§%D§A@8306G Datasheet, hitp
m ind_smd_3816_mass_mg 103 Triangular | 103 51,5 154,5, hit ps://www.mouser.sg/en Pr_od_
ind_smd_2813 mass_mg 32 Triangular | 32 16 48, https://www.mouser.lu/de/Prod
n ind_smd_0805_mass_mg 10 Triangular | 10 5 15:http,s:g’,hw.r\-v.tl:lk—eIectronics.tdk.
n res smd_0805_mass_mg 5 Triangular : 5 2,5 ?,5!51_3,;:,[(1_1@_&_ RCMF, https:/ fvwww.seis
res_smd_0603_mass_mg 1,9 Triangular I 1,9 0,95 2,85!51_3,;:,[(;@_&_ RCMF, https:/f'vrww. seid

|
M 4 b M =4 pparameters aall phasesB | aall phasesS | aprod | apodB | aprodS | a_prod pch power sensor | a_prod_pch power sensor B | a_prod_pch_power sensor S | a_prod_pch_mcu_lora
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Time for a Demonstration! +l KA
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* Have a look at the package: https://github.com/HKA-IES/Ica_toolbox

e Stay tuned for upcoming paper:
* How to aggregate uncertainty apportioning results in the case of multiple outputs?
* Which uncertainty apportioning method ranks converge faster?
» Case study of an environmental sensor (solar- vs battery-power)

| < Hans Bockler
Jonathan Larochelle is funded by Carl Zeiss Stiftung m

Stiftung


https://github.com/HKA-IES/lca_toolbox
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Deciding between two alternatives + KA

Method No uncertainty analysis |Monte Carlo simulation |Discernibility analysis
Alternative A |1.1 kg COZ2eq 1.1 £ 0.1 kg CO2eq A is lower than B in
Alternative B 1.2 kg CO2eq 12+0.2kg CO2eq |60% of cases
Conclusion |Ais lower Not clear Not clear

Bad Good Better

How to increase the discernibility?
— Reduce the uncertainty in the model!
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Our Package: Icatoolbox

Features

Import LCA model from spreadsheet

Apply corrections to uncertainty definitions in ecoinvent

Contributions analysis

Uncertainty analysis via Monte Carlo simulation

Discernibility analysis

Local sensitivity analysis

Uncertainty apportioning

* Supports Sobol (from Saltelli or Monte Carlo), FAST, RBD-
FAST, PAWN, Delta, Spearman, Gradient Boosting, Linear
Regression.

» Aggregate results based on discernibility of individual impact
categories
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Scope
Satisfy the needs of our
research group.

Future developments
Depend on who is
interested...
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