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Motivation
• Biowaste and plastic litter are barriers to the sustainability of cities
• Novel routes for biowaste valorization (e.g., biodegradable polymers) are mostly still at early development stages
• Ex-ante life cycle assessment (LCA) aims to evaluate the future environmental impacts of novel (low-TRL) technologies and products

Ex-ante LCA–MCDA approach
Modeling steps:
Ø Goal and scope: study aim and modeling choices
Ø Upscaling: build life cycle inventory (LCI) at an industrial scale
Ø Scenario development: modeling plausible technological and external 

changes
Ø MCDA: aggregation of criteria/impacts considering the perspectives of 

R&D experts

Illustrated for biopolymers and a nanomaterial (cellulose nanocrystals - 
CNC) based on mango processing waste

Based on i) Müller-Carneiro et al. (2023) Ex-ante life cycle assessment framework and application to a nano-reinforced biopolymer film based on mango kernel. Resources, conservation and recycling. 
https://doi.org/10.1016/j.resconrec.2022.106637  ii) Müller-Carneiro et al. (under review). A multi-criteria framework for the ecodesign of bio-based materials at early development stages.

Upscaling Scenario development*

Life cycle inventory Unit Laboratory Industrial ΔLab-
IndustrialCellulose pulp, dry kg 1.00 1.00

Organosolv pulping
Inputs
Mango seed shells kg 3.92 3.92 0%
Water kg 1.48 1.94 -31%
Acetic acid kg 52.10 2.85 95%
Hydrochloric acid kg 0.07 0.05 20%
Electricity kWh 23.96 1.25 95%
Heat kWh - 41.42 -
Outputs
Black liquor (lignin) kg 6.20 6.20 0%
Biowaste kg 0.08 0.08 0%

Preliminary LCI 

Scale-up calculations
E.g.: Heating of liquid-phase batch reaction
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Impact assessment and LCI refinement

Base-case LCI and influencing parameters

Creation of sub-scenarios for each parameter 
and integration into scenarios

Incorporation of scenarios into LCI and 
scenario impact assessment

Apparent 
overestimation 

Refine LCI model with 
literature and proxy 

data (e.g., simulation, pilot-
scale data)

MCDA

+ Reduction of solvent (20%), inclusion of solvent 
recovery, heat integration, pumping, infrastructure,....

*based on Langkau et al. (2023)
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MCDA results

Goal and scope
• Functional unit: e.g., 1 kg film
• Maturity level: TRL, MRL
• Production scale: lab, pilot, industrial
• Time horizon: e.g., 2050 (expected 

commercial implementation)
• Geographical considerations: e.g., 

production and consumption location
• Alternatives: e.g., products, formulations, 

process routes, recipes

• Research question and scenario type

Scenarios

Predictive Explorative Normative
What will 
happen?

What could 
happen?

What should 
happen?

• System boundaries

Starch production

Film compounding

Seed decortication

SNC production

Mango seeds 

1 kg biopolymer film

Method: Multi-attribute value theory (MAVT)

Elicitation steps: 
1. Value functions for each criterion 
(impact category)
2. Scaling factors:  0 < kj < 1

Global value:

Trade-offs
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Goal:  to develop an approach for assessing the environmental performance of bio-based products at lab stage (TRL 3-5) 
and support R&D decisions, integrating ex-ante LCA and multi-criteria decision analysis (MCDA)

Goal and scope definition

Life cycle inventory
 - Upscaling 
 - Scenario development

Interpretation

Life cycle 
impact 

assessment

M
CD
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Impact 
results 
(base-case, 
scenarios)

• Ranking of 
alternatives

• Identification of 
favorable 
scenarios

*the lower the impact, the better

- e.g., S5 performs best for 
climate change, S3 for 
freshwater eutrophication,... 
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How compare the scenarios 
and alternatives? 
➝ Aggregation (MCDA)

*the higher the global value, the better
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Additional funding under SET-LCA project (CENTRO-01-0145-FEDER-030570)
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