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Background

This report entitled: “Life Cycle Analysis (LCA)” was produced under co-finance of the
European financial instrument for the Environment (LIFE program) as the Deliverable D.7.5 of
Action D.1 of Project “LIFE CIRCforBIO” (LIFE18 CCM/GR/001180).

This report presents an LCA study Assess the environmental impacts of the biorefinery plant

processing organic waste as feedstock into bioethanol, bio-oils, and biogas.
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1. Executive Summary

The CIRCforBIO project presents a novel biorefinery system designed to process multiple
biomass feedstocks into biooils, bioethanol, and biogas. The biogas is assumed to be further
converted into thermal and electrical energy via an integrated combined heat and power
(CHP) unit, creating an effective energy loop. This life cycle assessment (LCA) adopts a gate-
to-gate approach, focusing on the biorefinery’s operational phase, with a functional unit of 1
ton of food waste. The study evaluates the system’s environmental impacts and compares its
performance to conventional fossil-based methods of producing equivalent volumes of fuels
and energy.

The analysis reveals optimistic environmental outcomes for the CIRCforBIO biorefinery.
Notably, the system achieves substantial reductions in greenhouse gas (GHG) emissions
compared to fossil-based fuel production, primarily due to waste valorization, renewable
energy generation from the CHP unit, and displacement of fossil fuel consumption. The
biorefinery’s energy efficiency is further enhanced by the CHP system, which minimizes
reliance on external energy sources and improves overall process sustainability. Additionally,
the flexibility to utilize diverse feedstocks reduces dependence on single biomass resources,
mitigates waste disposal impacts, and supports circular economy objectives by transforming
organic waste into valuable products.

When compared to conventional fuel production systems, the biorefinery demonstrates
superior performance across critical environmental indicators, including climate change
mitigation, fossil resource conservation, and energy efficiency. This advantage stems from its
integrated design, which prioritizes resource recovery, waste minimization, and renewable
energy integration. The closed-loop approach not only lowers environmental burdens but also
aligns with global sustainability targets by offering a scalable model for decarbonizing energy
and transportation sectors.

The study shows that processing1l ton of food wastein the CIRCforBIO biorefinery
generates 20.7 kg CO, eq of greenhouse gas emissions, reflecting an 96% reduction in global
warming potential (GWP) compared to conventional fuel production systems. Additionally,
the system achieves a 97.8% reduction in fossil resource scarcity impacts, underscoring its
efficiency in substituting non-renewable resources with circular, waste-derived alternatives.
The CIRCforBIO biorefinery emerges as a viable and environmentally favorable alternative to
traditional fuel production methods. Its ability to convert waste into high-value biofuels and
energy, coupled with reduced GHG emissions and energy self-sufficiency, positions it as a

transformative solution for sustainable industrial practices. Future work should explore
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cradle-to-grave system boundaries, assess scalability under varied operational conditions, and
investigate policy frameworks to incentivize adoption. This LCA underscores the project’s
potential to advance circular bioeconomy goals while addressing urgent climate and resource

challenges.




