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Abstract 

  

 The sustainability and circularity of biofuels have been widely debated in recent years, driven by the need 

to decarbonize energy systems while minimizing environmental and social trade-offs, and enhancing economic 

benefits (Raman et al., 2025; Ruml et al., 2025). Current frameworks for assessing biofuel sustainability primarily 

rely on certification schemes (e.g., ISCC, RSB, RED II compliance) and international standards such as ISO 

14040/44 for Life Cycle Assessment (LCA) (Mai-Moulin et al., 2021). These approaches focus on well-recognized 

aspects such as greenhouse gas (GHG) emissions, land-use change and feedstock sourcing, but often lack 

comprehensive integration of all the sustainability-related impact categories, circularity and safety dimensions 

(Ares-Sainz et al., 2025). Even this, recent research reports and policy actions emphasizes the importance of multi-

dimensional indicators and requirements identification to help on moving forward a safe, sustainable and circular 

biofuels technologies and value chains (Mesa et al., 2024).  

 On the other hand, digitalization is emerging as a key enabler for sustainability assessment, with data-driven 

platforms and decision-support tools being developed to improve assessments, transparency and traceability. 

However, most existing tools are not open access, lacks on interoperability, and do not fully integrate circular 

economy and safety principles, and even some of the sustainability ones. Furthermore, eco-labelling for biofuels 

is still in its infancy compared to other sectors such as food or consumer goods, limiting consumer awareness and 

market differentiation.  

 In this context, there is a need of developing holistic frameworks that combine indicators, digital solutions, 

and certification mechanisms to ensure that biofuels contribute effectively to climate goals while maintaining 

environmental integrity and social responsibility. And this is the objective of this research, as it is focused on the 

development of a set of comprehensive indicators and requirements as the foundation for a future digital toolkit 

and ecolabel for biofuels. These tools aim to support informed decision-making, enhance transparency, and 

promote trust across the biofuel value chain. 

 The research followed a two-stage approach (1) Indicator Identification and Evaluation: Extensive review 

of certification schemes and ecolabels (at least 15), international standards and regulatory frameworks (at least 25 

documents) for the identification of appropriate indicators and Key Performance Indicators (KPIs) relevant to 

sustainability, circularity, and safety principles. Special focus was placed on indicators addressing greenhouse gas 

emissions, resource efficiency, feedstock origin, and safety considerations, reflecting the complexity of biofuel 

production and use. And (2) Stakeholder-Driven Validation: engagement with industry representatives, 

policymakers, and research organizations to refine and prioritize indicators and to ensure that the framework is 

scientifically robust, market-relevant, and adaptable to evolving regulations. 



 

 

 The resulting set of indicators and requirements provides a structured basis for assessing biofuel 

performance and guiding the development of practical tools. The next steps include: (a) Digital Toolkit 

Development: A user-friendly platform integrating selected indicators into a scoring system for evaluating biofuels 

against sustainability, circularity, and safety criteria. (b) Ecolabel Design: A certification scheme to communicate 

sustainability credentials transparently to producers, regulators, and consumers. (c) Case Studies: Real-world 

testing to validate the applicability and scalability of the toolkit and ecolabel.  

 In this regard, by combining rigorous indicator selection with stakeholder engagement and digital 

innovation, this initiative contributes to advancing sustainability and circularity in the biofuel sector. Ultimately, 

it aims to support policy goals, guide industry practices, and empower consumers to choose truly sustainable 

biofuels. 
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