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LCA is becoming more and more 
recognized as a tool to support 

decision-making

LCA
Emerging technology and future 
implementations are associated 
with high uncertainty

Related to data collection

Related to the modeling 
of the system

Cucurachi, S., et al. (2016)
Kaddoura, et al., (2025)

https://doi.org/10.1111/risa.12443
https://doi.org/10.1016/j.scitotenv.2025.179269
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Global Sensitivity Analysis (GSA)

4

GSA quantifies the influence of input parameters on model outputs to 
identify the most significant drivers.

Input parameters 
distribution

Model
Distribution of 
model results

p1

p2

p3

…pN

p1
p2

pN

p3

Influence of input 
parameters

(e.g., Sobol indices)

Sobol', I.M., (2001)
Saltelli, A. et al.(2007)

https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1002/9780470725184
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Goal of the study
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To apply GSA to an LCA model for 
assessing the uncertainty of the impact of a 
future implementation and supporting 
decision-making

LCA GSA
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Frozen chestnut factory, located in Portugal

Plan to install a gasification plant for the 
treatment of the chestnut shell waste

Syngas

Biochar

Chestnut 
shell Gasification
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v 3.11, consequential 
system model

Brightway 2.5

Functional unit: management of 1 ton of chestnut shells

Primary data
+

IPCC 2021 
(incl. biogenic CO2)
-1/+1 approach

Consequential 
approach
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https://consequential-lca.org/clca/why-and-when/ 

https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/


15/01/2026 POLITEC NI CO DI  MILANO

LCA case study

8

Impacts introduced by 
the gasification scenario

Impacts of the reference 
substituted scenario

Global environmental 
burdens 

https://consequential-lca.org/clca/why-and-when/ 

https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
https://consequential-lca.org/clca/why-and-when/
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Thermal 
drying

Chestnut 
shell waste

Marginal N fertilizer 
substitution

- 1 ton

1 ton

Marginal heat 
substitutionHeat

Biochar

Incineration

Marginal heat 
substitution

                   
                 

Heat

Electricity Marginal electricity 
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Gasification
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1. Define the 
problem

Saltelli, A., et al.(2007)
Kaddoura, M., et al. (2025)

13 input parameters

p1
p2

pN

p3

https://doi.org/10.1002/9780470725184
https://doi.org/10.1016/j.scitotenv.2025.179269
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1. Define the 
problem

2. Generate the Monte 
Carlo samples

p1
p2

pN

p3

Saltelli, A., et al.(2007)
Kaddoura, M., et al. (2025)

13 input parameters

p1
p2

pN

p3

210 samples

https://doi.org/10.1002/9780470725184
https://doi.org/10.1016/j.scitotenv.2025.179269
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GSA procedure
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1. Define the 
problem

2. Generate the Monte 
Carlo samples

3. Run the LCA 
model

p1
p2

pN

p3

GWP =
f(p1,p2, …,pN) 

Saltelli, A., et al.(2007)
Kaddoura, M., et al. (2025)

13 input parameters

p1
p2

pN

p3

210 samples

https://doi.org/10.1002/9780470725184
https://doi.org/10.1016/j.scitotenv.2025.179269
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GSA procedure
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1. Define the 
problem

2. Generate the Monte 
Carlo samples

3. Run the LCA 
model

4. Compute Sobol 
indices

p1

p2

p3

pN

p1
p2

pN

p3

GWP =
f(p1,p2, …,pN) 

Saltelli, A., et al.(2007)
Kaddoura, M., et al. (2025)

13 input parameters

p1
p2

pN

p3

210 samples

https://doi.org/10.1002/9780470725184
https://doi.org/10.1016/j.scitotenv.2025.179269
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𝑆𝐼𝑖 =
𝑉[𝐸[𝐺𝑊𝑃|𝑝𝑖]

𝑉[𝐺𝑊𝑃]

First-order indices: 
They represent the fraction of total 
variance that is explained by the 
parameter

Kaddoura, M., et al. (2025)

https://doi.org/10.1016/j.scitotenv.2025.179269
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Variance of the expected 
value of GWP given pi

First-order indices: 
They represent the fraction of total 
variance that is explained by the 
parameter

Total variance of the model

Kaddoura, M., et al. (2025)

𝑆𝐼𝑖 =
𝑉[𝐸[𝐺𝑊𝑃|𝑝𝑖]

𝑉[𝐺𝑊𝑃]

https://doi.org/10.1016/j.scitotenv.2025.179269
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Sum of first-order 
indices =0.997
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plant can lead to a reduction of 
the GWP
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the production of heat from 
syngas combustion
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Conclusions
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• Implementing a gasification 
plant can lead to a reduction of 
the GWP

• Most of the benefit is given by 
the production of heat from 
syngas combustion

The most relevant parameters 
are: 
- The water content in the 

shells.
- The syngas yield.
- The heat produced from 

syngas.

LCA GSA
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GSA remarks
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Assessing potential 
improvementsRefining and simplifying 

data collection

Assessing the reliability of 
a model

Cucurachi, S., et al. (2016)
Kaddoura, et al., (2025)

https://doi.org/10.1111/risa.12443
https://doi.org/10.1016/j.scitotenv.2025.179269
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