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FUTURENANONEEDS (FNN): WP3 EXPOSURE

Develop a methodology to forecast environmental releases and emissions of next-generation 

nanomaterials (NM) into relevant compartments and in different life cycle stages (LC). 

Tier 1

Expected emissions of NM of each life cycle stage using Life Cycle Inventories (LCI) and EUSES

Identify focal points in the life cycle where main release, emission and/or exposure is expected

Tier 2

Directed at a Tier 1 focal point: focuss on a specific activity or process.

Identify most significant parameters of release mechanisms, their causal relationships and strengths

Develop Bayesian network to predict release for future systems
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SCOPE WP3
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Nano-enabled products are on the market, the market share of future applications will increase. 

Nanomaterial (NM) flow analysis showed that the end-of-life, especially recycling, of these products is a 

potential ‘hotspot’ of release/exposure.

Shredding is a common process in recycling, however, data on the release of nanomaterials during 

shredding is very sparse

This poses a forthcoming problem for recycling plants. 



FNN VALUE CHAINS
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WEEE



PEROVSKITES IN PHOTOVOLTAIC PANELS
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Tier 1



GOAL OF BAYESIAN BELIEF NETWORK

Predict the release of next generation nanomaterials in future and less known applications during end-

of-life, specifically shredding, by establishing a Bayesian Belief Network (BBN). 

BBNs have multiple advantages:

they provide a coherent framework for making a priori assumptions about unknowns

present the formal rules to update that knowledge

explicitly model the uncertainty in the BBN’s release forecasts.

1. Quantify what you already know

2. Construct a relational model for this knowledge

3. Apply Bayes’ rule and predict future situations
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Release is the liberation of nanomaterial during a 

natural or technical process at any given LC stage. 

Thomas Bayes 

(1702–1761), 
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PROCESS

1. ‘Hot spots’ or focal points analysis for a value chain based on substance flow analysis

2. Expert elicitation to establish relation between nanomaterial release and system parameters:

a) Activity (shredder) properties

b) Composite/materials properties

3. Draw relational model of these ‘beliefs’

4. 2nd elicitation round to refine the model

5. Dedicated expert workshop to quantify the relations

6. Followed by telecons to refine model

Bayesian Belief Network to predict nanomaterial release

RELEASE TO

AIR

-Respirable 
fraction

-Total mass

- ...

COMPOSITE/

MATERIAL

PROPERTIES

-Concentration 
nanoparticles

-Dispersion

- ...

ACTIVITY

PROPERTIES

-Output size 

-Shredder type

-...



BELIEFS NETWORK
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RESULTS: PRIOR PROBABILITIES
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Experts assessed the likelihood of a nanoparticle being on the surfaces created by shredding

They took into account the dispersion state (four classes) and

The concentration of nanomaterials in the product’s materials

For well dispersed NMs and <1% 

concentration, 90% probability for 

less than 1% NM on surface.

For layers of NMs and >10% 

concentration, 61% probability for 

10-50% NM on surface.



CONCLUSIONS & RECOMMENDATIONS

BBN acted as a way to understand what drives the release of NM during shredding of WEEE

The construction of a BBN requires an investment in time

A BBN expert/facilitator is required to elicit information from experts with different backgrounds

Multiple expert sessions, and specifically physical meetings, were needed

The BBN can be adapted for comminution activities like milling or crushing

The model will be tested using experimental data (Do you have data available for us?)

Bayesian Belief Network to predict nanomaterial release

tom.ligthart@tno.nl



THANKS TO ALL ‘BELIEVERS’

Bayesian Belief Network to predict nanomaterial release

Name From Contribution as

Yaobo Ding Former EPFL External expert

Neeraj Shandilya NANTES External expert

Bas Henzing TNO (Utrecht) External expert

Richard Laucournet CEA External expert

Thomas Kuhlbusch IUTA FNN Task 3.2 member

Burkhard Stahlmecke IUTA FNN Task 3.2 member

Simon Clavaguera CEA FNN Task 3.2 member

Tom Ligthart TNO (Utrecht) FNN Task 3.2 member

Henk Goede TNO (Zeist) FNN Task 3.2 member

Imelda van de Voorde TNO (The Hague) BBN expert / facilitator



THANK YOU FOR YOUR 

ATTENTION

Take a look:

TIME.TNO.NL tom.ligthart@tno.nl

The research leading to these results has received funding from the European 

Research Council under the European Union's FP7 (FP/2007-2013)/ERC 

Grant Agreement n.604602 (FNN project).



Bayesian Belief Network to predict nanomaterial release



BAYESIAN BELIEF NETWORK

Probabilistic graphical model

Directed Acyclic Graph & causal network

Nodes represent random variables

Edges represent conditional dependency (strength of relations)

Represent knowledge about an uncertain domain

Considered to reflect our degree of belief whether an event will occur

Uses knowledge of the past / expert opinions (priors)

Recognizes the need to update knowledge in light of observations
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