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• Why it is about uncertainty

• Cases from own (consequential) research

• General conclusions & way forward

Today on LCA of emerging tech
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Bad timing?

Start Research project on emerging tech X End

Good data 
only here

LCA work 
starts here Decisions made 

already here

LCA of emerging tech 
= predict the future (which is uncertain) 

= dealing with uncertainty



• nature: epistemic, aleatory

• location: quantity, model, 
context

Uncertainty, theory
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A toolbox…

Uncertainty, practice
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LCA model

Uncertainty 
analysis

Error 
propagation 

(quantity)

Scenarios 
(model)

Sensitivity 
analysis

OAT 
(quantity)

Global 
(model)



• Electricity consumption 
(quantity, epistemic) à
power laws 

• Estimated avoided fresh 
cheese production 
(model, aleatory)à
scenarios using literature 
& models (WRAP)

UHP Homogenisation, milk

Valsasina et al. (2016)
https://doi.org/10.1016/j.jclepro.2016.11.059

https://doi.org/10.1016/j.jclepro.2016.11.059
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A F D E L I N G S N A V N…

Thonemann and Pizzol, 2019
https://doi.org/10.1039/C9EE00914K

Error propagation 
(epistemic, quantity)
Background system only!

ßMarginal supplier scenarios (aleatory, model )à

https://doi.org/10.1039/C9EE00914K


Changes all the time!

• Energy efficiency of equipment 
(quantity, epistemic) à OAT

• Location of miners (model, 
aleatory) à l iterature/expert-
based scenarios

• Background system (quantity, 
epistemic) à Monte Carlo

Bitcoin Mining



• Unconstrained seaweed 
suppliers? (model, aleatory) à
supply stats, interviews

• Scalability pilot to industrial? 
(quantity and model, epistemic) 
à LCA iterations, assumptions 
& scenarios discussed with 
domain experts

Bioplastic from seaweed 

https://vbn.aau.dk/en/projects/novel-enhanced-bioplastics-from-sustainable-processing-of-seaweed

https://vbn.aau.dk/en/projects/novel-enhanced-bioplastics-from-sustainable-processing-of-seaweed


Microalgae-based veterinary products for aquaculture

What changes for fish farming? 
(epistemic, model)

Fish farm archetypes +
System Dynamics model

Consequential LCA

Which type of bioactivity 
for the molecule? 
(aleatory, model)

Archetypes, health issues 
categorization

Type A disease : 
Viral infection with 

no known 
treatment and low 
mortality, chronic

Type B disease : 
Bacterial infection 

currently treated with 
oxytetracycline, high 
mortality, outbreaks

Prophylactic : 
improve FCR and 
increase disease 

resistance

FOSAF

Intrafish

Wikiwand

Which microalgae and 
which  cultivation system? 

(epistemic, model) 

Archetypes, sensitivity analysis

MDPI

Schott

https://vbn.aau.dk/en/projects/microalgae-microbiomes-a-natural-source-for-the-prevention-and-tr

All technological scenarios are open

https://vbn.aau.dk/en/projects/microalgae-microbiomes-a-natural-source-for-the-prevention-and-tr


• Database might not reflect 
technical maturity

• What is the uncertainty 
introduced? (epistemic, 
aleatory, quantity...and 
model)

• Simulation improving 
efficiency (quantity) shows 
nonlinearity

Foreground vs background

Pizzol, Sacchi, Köhler, Andersen, submitted 2020 (Frontiers in Sustainability)



• LCA of emerging tech is about uncertainty

• So you can use the entire uncertainty-toolbox!

• Experience shows that model and aleatory most critical

• Stakeholders-supported models / scenarios is way forward

Wrapping up
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👉Open! Special Issue Uncertainty in Prospective 
Sustainability Assessment (Sustainability)

👉Open! Special Issue Advanced life-cycle 
modeling of energy and agroecosystems (R&SER)
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