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Abstract- 

Digestate valorization is essential for sustainable waste management and circular
economy strategies, yet large-scale adoption faces technical, economic, and
environmental challenges. Beyond waste-to-energy conversion, digestate is a
valuable soil amendment, enhancing soil structure and reducing reliance on
synthetic fertilizers. However, its agronomic benefits depend on feedstock
characteristics, treatment processes, and application methods. This study reviews
digestate composition, treatment technologies, regulatory frameworks, and
environmental impact assessment through Life Cycle Assessment. It analyzes the
influence of functional unit selection and system boundary definitions on Life
Cycle Assessment outcomes and the effects of feedstock selection, pretreatment,
and post-processing on its environmental footprint and fertilization efficiency. A
review of 28 JCR-indexed articles (2018&ndash;present) analyzed LCA studies
on digestate, focusing on methodologies, system boundaries, and impact
categories. The findings indicate that Life Cycle Assessment methodologies vary
widely, complicating direct comparisons. Transportation distances, nutrient
stability, and post-processing strategies significantly impact greenhouse gas
emissions and nutrient retention efficiency. Techniques like solid&ndash;liquid
separation and composting enhance digestate stability and agronomic
performance. Digestate remains a promising alternative to synthetic fertilizers
despite market uncertainty and regulatory inconsistencies. Standardized Life
Cycle Assessment methodologies and policy incentives are needed to promote its
adoption as a sustainable soil amendment within circular economy frameworks.
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