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The continuous expansion of a technology-driven society, the growing demands of industrial development, and a
rising global population has resulted in an overwhelming accumulation of waste (Department 2022). This surge
requires the development of efficient and environmentally sustainable methods for waste treatment and
valorisation. Addressing this issue within the context of a sustainable development model presents not only a
critical challenge but also a significant opportunity, being essential to prioritize waste prevention and minimize
disposal needs (EUR-Lex 2008). When other alternatives prove unsuitable, waste-to-energy (WtE) technologies
stand out as a practical solution, enabling the conversion of waste into energy, and other valuable resources, such
as nutrients, chemicals and fuels (Tonini, Martinez-Sanchez et al. 2013, Ramos and Rouboa 2020).

The characteristics of waste differ significantly due to factors such as local climate, industrial activities
or sources, waste management practices, and seasonal variations (Ramos and Rouboa 2020, Ramos 2023). Gaining
insight into these variations is crucial for optimizing treatment processes and improving resource recovery. This
study proposes a novel attempt to relate biomass composition to the optimal treatment technique and the related
products achieved from the conversion. This was explored through an in-depth analysis of a variety of biomass
and solid waste samples sourced from different world regions, aiming to uncover their properties and potential
applications. A dedicated literature review was conducted to describe biomass source and composition, the
management technique applied, and the valorisation route taken. The procedure to retrieve suitable literature for
this study was as follows: keyword definition (waste characterization review; waste-to-energy; waste thermal
valorisation), database selection (Search in Web of Science; Science Direct; Scopus; DOAJ), document type
(reviews; research articles; conference abstracts; books; case reports), filtering for effective content, and finding
duplicates. Figure 1 shows the main results in terms of publication rates according to year, treatment technique
applied, and distribution of the achieved products.
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Figure 1. Literature distribution per: a) year; b) thermal treatment; c) application.

As seen in Figure la), literature on waste samples and their processing techniques has been steadily increasing
since 2015, which might be linked to the release of several guidelines and frameworks related to circular economy
principles, strategies, and the integration of waste management into these areas (Pan, Du et al. 2015, Webster 2015,
Potting, Hekkert et al. 2017). Between 2018 and 2020, there was a noticeable decline in publications, maybe
attributed to the introduction of initiatives such as the Ecodesign Directive (Commission 2017), the EU Green
Deal (Commission 2019), and the New Circular Economy Action Plan (Commission 2020). Since 2022, however,
there has been a resurgence in related publications. Figure 1b) depicts the biggest share of literature (46%) as not
reporting the treatment technique applied to the feedstock, while around one-third of the studies focus on pyrolysis,
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nearly 10% utilize hydrothermal methods, and all the other techniques show 3% stake. These might be related to
the need for pre-treatment stages before the conversion, raising the complexity and cost (Ramos, Monteiro et al.
2022, Monteiro, Ramos et al. 2024). Figure 1c) describes the final application/product, the highest portion being
again attributed to publications that do not specify the final output (30%), whereas bioenergy represents roughly
19%, followed by fuels, soil amendments, bioadsorbents and chemicals (6.25% each). Other uses and products
show minor contributions (around 3% share each). Some hampering indications might come from the ambiguous
applications of terms (for instance “added value products” or “bioenergy”) (Adeniran, Adelopo et al. 2019), while
some literature points the direction but do not clarify the final product (Liu, Basar et al. 2021, Yousef, TamoSitinas
et al. 2024).

This study highlights the growing interest in applying WtE techniques for recovering energy from various
waste sources, with an increasing number of publications also addressing the concerns surrounding the significant
rise in waste production. While the literature often fails to specify the exact conversion technique or final product,
pyrolysis emerges as the most commonly applied method. Bioenergy is identified as the primary product, followed
by fuels, soil amendment products, bioadsorbents, and chemicals. The trends observed here may not serve as a
comprehensive rule or prediction for other scenarios or different feedstocks. However, for the specific types of
waste and methods analyzed, this study can help identify gaps, challenges, and opportunities for greater
implementation of technical solutions, as well as provide guidance for more efficient resource use and the
optimization of WtE strategies.
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