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Abstract:

The transition toward a green future and the realization of a sustainable, low-carbon economy necessitates
fundamental transformations in the ways energy is produced and consumed. Among renewable resources,
biomass energy holds particular importance due to its high potential for reducing greenhouse gas emissions.
However, challenges such as high costs, resource sustainability, low efficiency, and environmental concerns
have limited the full exploitation of this energy source. Technological advancements—especially in the
digital realm—have created new opportunities to enhance efficiency and sustainability across the biomass
production chain. This article examines the role of emerging technologies in the development and
optimization of biomass energy systems. These technologies include artificial intelligence, geographic
information systems (GIS), innovations in the selection and processing of feedstocks such as refinery
residues, algae, agricultural and industrial waste, modular systems, carbon capture and storage (CCS), sludge
volume reduction methods in wastewater treatment, and novel pyrolysis technologies. Adopting a
descriptive—analytical approach, the paper not only analyzes the technologies but also introduces examples
of startups active in the field. Furthermore, it reviews the current status of biomass in Iran, the life cycle of
related technologies, and the challenges and opportunities of digitalization. Findings indicate that leveraging
these technologies can significantly improve efficiency, optimize resource management, reduce costs, and
decrease reliance on fossil fuels, thus playing a pivotal role in the future of biomass energy. This article aims
to provide a comprehensive overview of the current landscape and future outlook of the field in light of
technological advancements.
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