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:> WE NEED A PROBABILISTIC APPROACH!
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m Method A: Probabilistic Material Flow Analysis
m General methodology
m Example of application

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

m Points for comparison
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General methodology
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Probabilistic Material Flow Analysis . N @Empa

Assessing the probability distributions

LHyGeS

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

m Uncertainty assessment for each value (i.e. each reference):
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W, = weakest score (EC, 2010)

[ = number of indicators
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1<DQR <15 4.5%
1.5 < DQR < 2.5 13.75%
25 <DQR < 3 41.5%

(adapted from Laner et al., 2015)
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Results visualisation
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Difficult to represent the whole distributions...
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General methodology "
: Physico-chemistry
[ ENM properUes] [ of the pipe ]
Define the parameters needed | |
: . . ! L
and their relationships (models, . .

Aggregation Degradation
lab,...) parameters parameters

| |

!
Size of aggregates
released
V3
V1 V2

1 2 3
Define the conditional s | o1 | o | o | 100
probability tables [5{ | 001 | 0 100 O
[5;10] 0.1 25 | 50 | 25
[5;10] 0.01 20 | 60 | 20
[10;15] 0.1 100 | 0 0
[10;15] 001 | 100 | O 0
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Bayesian networks

Example of application
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Effluent pipe diameter (m})

0.2 50.0 | 0.1
25 50.0 m— 05

Water maximum depth in pipe (m)

50.0
50.0 jm

135+11

\

03=x02

Effluent temperature (*C)

20 333
25 33.3
30 33.3

25+41

o~

Surface transversale de I'effluent Effluent flow (m3/s)
0.0142 50.0= 003 200
1.25 50.0 jmm— 0035 200
0.632+062 007 200
008 200
., 009 200
\\ 0.061+0.024
™,
™,
~,

Effluent dynamic viscosity (gim/s)

Ge-4

0.001 333
33.3 i
33.3

8.9e-4
0.000897 + 8.2e-5

Attachment efficiency (homo)
0 20.0
0.001 20.0
0.01 20.0
01 20.0
1 20.0
0222 +0.39

States of variable | Probability

Fractal dimension of aggregates in effluent

[particulate TiDz]mlass in effluent (ma/L)
0 1 10.0
0.03 : 10.0
0.041 | 10.0
0.055 | 10.0
0.121 : 10.0
0.031 1 10.0
0.603 ! 10.0
0.82 | 10.0
0.922 1 10.0
125 ! 10.0
0.387 + 0.44

Size distribution of TiO2 in effluent (m)

2e-T

3.12e-7
4.86e-7
7.58e-7
1.18e-6
1.84e-6
287e-6
4.47e-6
6.97e-6
1.09e-5
1.69e-5
2.64e-5
412e-5
6.42e-5
1e-4

8.66
6.53
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52
6.52

1.82e-5+28e-5

15
2

25
29

25.0
250
250
25.0

223+053




Bayesian networks
Example of application
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Effluent pipe diameter {m})

02 63.9
25 36.1

103+11

N

Surface transversale de I'effluent

Water maximum depth in pipe (m)

0.1 63.9
0.5 361

0244+019

0.0142
1.25

Effluent flow {m3/s})
0.03 55.6 —
0035 1141
0.07 111
0.08 111
0.09 11.1 E

Effluent temperature (“C})

00472 +0.024

Effluent maximum velocity (m/s}

0.06 o[ |
0.07
2

25

Effluent dynamic viscosity (g/mis)

0
100
0

0.00089

0.001
8.9e-4
ge-4
Attachment efficiency (homo)
0 of ¢
0.001
0.01
01

Fractal dimension of aggregates in effluent

15
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[particulate Ti0O2]Jmass in effluent (maiL)
0 0

0.03 0

0.041 0

0.055 100 —
0.121 0

0.031 0

0.603 0

0.82 0

0.922 0

1.25 0

0.055

Size distribution of TiO2 in effluent {m)
Ze7 5.7 |n——
312e-7 .01
4 86e-7 241
7.58e-7 241
1.18e-6 241
1.84e-6 241
2.87e-6 241
4.47e-6 241
6.97e-6 241
1.089e-5 241
1.69e-5 241
2.64e-5 241
412e-5 241
6.42e-5 241
1e-4 241
6.84e-6 £ 1.9e-5
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m Two powerful and flexible tools
m Mechanistic or «black box» models
m Local to global scales
m Can include temporal dynamics

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

m National to continental scales

m (Over)simplified probabilistic modelling(?)
m Bayesian networks

m Easier track of the uncertainty propagation
m Can become very complex

_> It depends on the purpose!
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Appendix: Uncertainty in waste B A ®Emea
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management

Countr Reports,
1 ANy > 2014 communications,
considered
papers
2 Local data 2010 < x < 2014 Eurostat
3 DB S AU Expert estimation
country
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