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The urgent need to mitigate climate change has intensified the search for sustainable alternatives to fossil-based 

chemicals and fuels. Methanol, a key platform chemical with diverse industrial applications, is predominantly 

produced from fossil resources, contributing significantly to greenhouse gas (GHG) emissions. This research 

addresses the environmental impacts associated with renewable methanol production, focusing on the Portuguese 

context and leveraging the H2Driven project (https://h2driven.pt/en/homepage/) as a case study for green e-fuels 

value chains. 

 In 2023, fossil fuel combustion accounted for approximately 68% of global GHG emissions, with the 

energy and industrial sectors as primary contributors (UNEP, 2024). Despite the growth of renewable energy, 

fossil fuels still dominate electricity generation, and industrial decarbonisation remains a critical challenge. 

Methanol’s versatility—as a fuel, chemical feedstock, and energy carrier—makes it a strategic target for 

sustainable innovation. However, Portugal’s methanol market is characterised by high import dependency and low 

domestic production, underscoring the need for local, renewable solutions. 

 This study aims to conduct a comprehensive life cycle assessment (LCA) of renewable methanol production 

via biomass gasification, with and without green hydrogen supplementation, compared to the conventional natural 

gas reforming route. The analysis seeks to: (i) Quantify and compare the environmental impacts of different 

methanol production pathways; (ii) Assess the technical and environmental trade-offs, including energy efficiency 

and GHG emissions; (iii) Evaluate the influence of feedstock origin, process energy supply, and co-product 

valorisation; (iv) Provide actionable insights for the decarbonisation of the chemical industry in Portugal and 

beyond. 

 The LCA follows ISO 14040/14044 standards and adopts a cradle-to-gate system boundary. The assessment 

was performed using the SimaPro software, applying the Environmental Footprint 3.1 (EF3.1) impact assessment 

method.  Background systems were obtained from Ecoinvent 3.10 database. Key process steps include: Biomass 

supply (transport), gasification and syngas conditioning, green hydrogen production via electrolysis (powered by 

renewable electricity), methanol synthesis, purification, and co-product management.  

 The process system is depicted in Figure 1. 

 

 
Figure 1. Process system and boundaries, including all subsystems, for the production of renewable methanol 
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 Preliminary findings suggest that renewable methanol production can substantially reduce GHG emissions 

compared to conventional methods, especially when local, low-impact biomass and renewable electricity are 

prioritised. However, trade-offs exist regarding land use, water consumption, and resource scarcity, which must 

be carefully managed.  

 The integration of hydrogen electrolysis and advanced gasification technologies presents opportunities for 

further optimisation but requires careful consideration of system boundaries and allocation methods. 

 This work contributes to the understanding of sustainable methanol production in the context of the energy 

transition and industrial decarbonisation. By providing a robust LCA framework and scenario analysis, it supports 

informed decision-making for policymakers, industry stakeholders, and researchers. The outcomes are directly 

relevant to the objectives of the H2Driven project and the broader adoption of green e-fuels in Portugal and Europe. 
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