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Why Uncertainty Analysis (UA) is Crucial for LCA?

o M andatory in 1ISO 14040/14044/PEF Input Uncertainty LCA Model Uncertain LCA Results
LCI Data
% Avoid false precision ll
- 1 A | 1
¢ Ensure reliability, transparency, ‘ o >
comparability LA | Al

+ ldentify key improvement areas

[ LCA results require not just quantity, but also quality (confidence level - UA) ]
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Significant Implementation Gap in Reality

LCA of CO, adsorption (N = 31)
s 77% Omit UA

** Narrow Scope: Mostly quantity; model and context ignored

77% (24) 4" 23%(7)

** UA # SA: Frequent misuse between UA and Sensitivity Analysis

B Without UA m With UA

Source: Yao et al., 2025, Applied Energy

Challenge: inherent multidisciplinary complexity & No Standard Protocols ]
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A Global Visual Mapping: Cognitive Barrier
/ 1. Goal & Scope
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LCA Result i
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% Evaluation

*%* Mitigation

4. Interpretation

Completeness and
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»* Reporting

- Context uncertainty
I Viodel uncertainty
I Quantity uncertainty

I iterative mitigation loop

5. Reporting

[ Confidence Level ]

[ Limitations ] ( Opportunity]
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Core four steps to perform UA

i-'. Confidence |
; .n;esf\;zu E I I E To the audience
. ‘ 4. Communication

i e Y12 Y35
Output uncertainty (confidence level)? ‘

2. Propagation

.

x| A 3. Sensitivity analysis (SA)

x2 | /\_ Contribution of each input uncertainty é Al:;cl\e(::::I(TjtK) A
X3 __:_ T T, ¢

- 1. Characterisation Sensitivity

\_ Analysis (SA) )

Locations and magnitude of input uncertainty
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The Full Six-Step Workflow & Progressive Strategy

Complexity
Tier 1 R Tier 2 ——rrd Tier 3
LCA Workflow Uncertainty Analysis Workflow . . ! > . ! > .
¥ ¥ Quantity Uncertainty ~~ 7~ 757 Model Uncertainty --- 5 Context Uncertainty
T T
1 Fi Ph . 1 U Data quality requirements (DQR) U Multifunctionality issue (allocation O Functional unit selection
: irst ase: ! 1 Database selection methods or boundary expansion) O System boundary selection [Scope
Ir— -=>» Goal & scope Step 1: : Step 5 U LCIA method selection coverage)
1 ! definition ep 1 ! e O Cut-off criteria selection
1 : ml Identification & : Iterative
c 1 e ol e
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T : i Second Phase: input uncertainty | (adjustment O Data quality assessment (DQA) (Source, magnitude, nature) uncertainty (Source, magnitude,
= I'__)f Lcl 1 from first to O Characterisation of quantity nature)
g : 1 : : third phases of uncertainty (Source, magnitude,
- : i M M : LCA) nature)
g : 1 : IVI S 2. : U Propagation of quantity uncertainty 1 Propagation of model uncertainty U Propagation of context uncertainty
E : : # Third Phase: tep * (1_._‘ (e.g.: Monte Carlo simulation/ (e.g.: Scenario analysis) (e.g.: Scenario analysis)
@ : : | LCIA Propagatlon- \r;- analytic propagation
Q Il (output uncertainty) -
=l M M | s
I - } 4 ; I I
: 11 1 | b= U Completeness and consistency check O Completeness and consistency check U Completeness and consistency check
1" ' Fourth Phase: Step 3: I Step 4: of inventory of model structure of context
e -: X . Ivsi ::> ‘ U Sensitivity analysis of quantity U Sensitivity analysis of model 1 Sensitivity analysis of context
| Interpretation Sensitivity analysis | Judgment uncertainty uncertainty uncertainty
: I = O Iterative optimization U Iterative optimization O Iterative optimization
______________________ d
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I
| U Confidence Level
! Reporting Step 6: Communication O Limitation
: O Opportunity
1 b

Page 5



Case 1: single value - confidence interval

Item kg CO, eq

Probability distribution

Before: climate change e
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>
v
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Case 2: normalization value - probability in comparison

Before:

A > B in all categories

100
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3
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v 2 8
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Uncertainty view

Now:

Impact category

Climate change - Land use and LU change

Water use —

Resource use, minerals and metals —|
Resource use, fossils -
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Ozone depletion

Land use —

lonising radiation —
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Takeaways

1) Uncertainty analysis (UA) is critical for ensuring the reliability, transparency, and comparability of LCA.

2) There is a significant implementation gap in UA that must be bridged.

3) A comprehensive visual mapping that integrates the sources, types, propagation, evaluation, mitigation, and
reporting of UA significantly reduces cognitive obstacles.

4) A standardized workflow and stepwise strategy, harmonising with the four LCA phases, offer greater practicality.

5) More detailed validation cases are forthcoming.
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Thank you!
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