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Background 

??? 
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WE NEED A PROBABILISTIC APPROACH! 

??? 



Outline 

 Method A: Probabilistic Material Flow Analysis  
 General methodology  
 Example of application 

 

 Method B: Bayesian Networks  
 General methodology  
 Example of application 

 

 Points for comparison 
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Probabilistic Material Flow Analysis  
General methodology 
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Probabilistic Material Flow Analysis  
Assessing the probability distributions 

 Various data sources used (Reports, papers, Eurostat) 

 Uncertainty assessment for each value (i.e. each reference): 

𝑫𝑫𝑫𝑫𝑫𝑫 =  
𝑮𝑮𝒆𝒆𝒆𝒆 + 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 + 𝑹𝑹𝑹𝑹𝑹𝑹 +  𝑾𝑾𝒊𝒊 × 𝟒𝟒

𝒊𝒊 + 𝟒𝟒
 

Data Quality 
Rating 

Coefficient of 
Variation 

1 ≤ DQR < 1.5 4.5% 

1.5 ≤ DQR < 2.5 13.75% 

2.5 ≤ DQR ≤ 3 41.5% TC 
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(EC, 2010) 

(adapted from Laner et al., 2015) 

𝑊𝑊𝑖𝑖 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
𝑖𝑖 = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 
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Probabilistic Material Flow Analysis  
Results visualisation 
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Nano-ZnO (tonnes) in Romania 

Difficult to represent the whole distributions… 
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Bayesian networks 
General methodology 

ENM properties Physico-chemistry 
of the pipe 

Aggregation 
parameters 

Degradation 
parameters 

Size of aggregates 
released 

V1 V2 
V3 

1 2 3 

[0;5[ 0.1 

[0;5[ 0.01 

[5;10[ 0.1 

[5;10[ 0.01 

[10;15[ 0.1 

[10;15[ 0.01 

1. Define the parameters needed 
and their relationships (models, 
lab,…) 
 
 
 
 
 

2. Define the conditional 
probability tables 
 

V1 V2 
V3 

1 2 3 

[0;5[ 0.1 0 0 100 

[0;5[ 0.01 0 100 0 

[5;10[ 0.1 25 50 25 

[5;10[ 0.01 20 60 20 

[10;15[ 0.1 100 0 0 

[10;15[ 0.01 100 0 0 
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Bayesian networks 
Example of application 

States of variable Probability 
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Bayesian networks 
Example of application 



Conclusion 

 Two powerful and flexible tools 
 Mechanistic or «black box» models 
 Local to global scales 
 Can include temporal dynamics 

So which should we use? 
 Current probabilistic MFA for ENM 

 National to continental scales 
 (Over)simplified probabilistic modelling(?) 

 Bayesian networks 
 Easier track of the uncertainty propagation 
 Can become very complex 
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It depends on the purpose! 



Thank you! 
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24 

Score 

1 Country 
considered ≥ 2014 

Reports, 
communications, 

papers 

2 Local data 2010 ≤ x < 2014 Eurostat 

3 Different 
country 

< 2010 
 Expert estimation 

NanoImpact Conference – 13.03.2017 

Appendix: Uncertainty in waste  
management 
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