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Editorial on the Research Topic
 Advancements in Biomass Feedstock Preprocessing: Conversion Ready Feedstocks




INTRODUCTION

The success of lignocellulosic biofuels and biochemical industries depends on an economic and reliable supply of biomass that meets conversion quality standards. However, research and development have historically focused on the utilization of lignocellulosic biomass resources without consideration of their high variations in physical and chemical characteristics and potential supply risks in terms of availability and affordability (Ray et al., 2017). This Research Topic explored strategies aimed at enabling supply-chain improvements in biomass quality and consistency through preprocessing operations like blending, sorting, leaching, drying, and other quality-management approaches for development of “conversion-ready” lignocellulosic feedstocks for production of biofuels and bio-products. A conversion-ready feedstock refers to an industrial-scale feedstock resource with chemical and physical properties that meet the design specifications of biorefinery handling and conversion systems.

Variability has proven a formidable challenge to integrated biorefineries, impeding continuous operation and reducing product yields required for economical production of lignocellulosic biofuels and chemicals at scale (U. S. Department of Energy, 2016). Simple or minimalistic biomass supply systems (herein referred to as “conventional”) that deliver field-run biomass to the biorefinery, while minimizing operating costs, do not ensure that biomass resources consistently meet feedstock quality requirements. Conventional supply systems lack the preprocessing capabilities necessary to produce feedstocks with consistent physical and chemical properties that are compatible with conversion processes (Lamers et al., 2015). Further, the utility of conventional systems has been limited to high-yield regions like the U.S. Corn Belt (Argo et al., 2013). Direct coupling of conventional biomass supply systems with sophisticated conversion processes is further complicated by the unique challenges of bulk-solids behavior in particulate systems (Bell, 2005) and the cohesive nature of compressible, elastic biomass solids (Hernandez et al., 2017; Xia et al., 2019). Recent reports indicate the operability of biorefining processes and process models remain at less than 50% due to the variable physicochemical properties of biomass (U. S. Department of Energy, 2016).

As the bioeconomy grows, the variability inherent to biomass cannot be managed solely by passive supply systems (Kenney et al., 2013; Searcy et al., 2015). Recognition and understanding of the magnitude of biomass variability and uncertainty (Williams et al., 2016) must be balanced with the cost of failing to design feedstock supply systems that can manage variations. Targeted preprocessing strategies aim to develop stable, cost-effective and quality-controlled biomass supply systems (Li et al., 2016). For instance, blending and densification approaches (Tumuluru et al., 2011; Ray et al., 2017; Ou et al., 2018; Narani et al., 2019) have shown promise for diversifying biomass resources to enable supply-chain resilience for the development of consistent, high-quality feedstocks and move toward advanced feedstock-supply systems.

The significance of feedstock quality on overall processing efficiency and expense has been recognized for some time; however, affordable solutions to the range of challenges presented by the biomass-to-feedstock operation have been slow to emerge. Recent work in government and academic laboratories, as well as industrial facilities has identified more problematic areas and provided direction for innovation to mitigate many of those long-running challenges. This special issue is a collection of 23 articles that report on strategies that enable supply-chain improvements in biomass quality and consistency to produce conversion-ready feedstocks for biorefining.



INTEGRATED PREPROCESSING

Integrated preprocessing techniques represent the majority of the collection. Active biomass-preprocessing controls, like drying, sorting, sizing, fractionating, leaching, densifying, etc., integrated into biomass supply systems can reduce complications in downstream conversion systems. The collection discusses six preprocessing techniques for generation of conversion-ready feedstocks. This issue highlights research that employs biomass preprocessing through fractionation, leaching, sorting, blending and sizing processes to enhance material quality for downstream conversion. Williams et al. and Kim et al. both address how the separation of biomass components can optimize conversion. Therasme et al. explore leaching as a preprocessing step to improve biomass quality and create co-products, and Williams et al. report the benefits of both air classification and separation of biomass materials for downstream conversion. The second of the techniques addressed is the blending of feedstocks. Edmunds et al. described mixing different biomass types to mitigate rheological—and compositional—variability challenges seen in individual biomass resources. The third technique discussed is preprocessing and pretreatment of biomass materials for conversion. Brandt et al. address mechanical biomass preprocessing methods, and Williams et al. report on chemical methods to prepare the biomass materials for conversion. Biomass densification, the fourth technique, is addressed by Dien et al., who report on preprocessing and pelletizing techniques that reduce supply-system losses. Storage impacts on biomass quality and downstream conversion are addressed in work from Essien et al., Essien and Richard, Wendt et al., and Wendt et al.; all four papers discuss the effectiveness of wet storage to preserve and improve biomass materials for conversion. High-throughput and rapid methods for assessing biomass attributes and their behavior are also explored and represent tools that advance understanding and development of conversion-ready feedstocks (Coffman et al.; Decker et al.).



SUSTAINABLE AND EFFICIENT FEEDSTOCK SUPPLY-TO-CONVERSION PRACTICES

As solutions to biomass variability issues are introduced, environmental and economic impacts become an issue of concern. The collection discusses research on creating more-sustainable biorefining facilities and producing conversion-ready feedstocks from recyclables. Martinkus et al. address the cost advantage of assessing existing industrial facilities for repurposing to biorefinery applications. Other papers include discussions of how to leverage recycled materials as biomass feedstocks (Paritosh et al.; Xu et al.) and the viability of recycling materials already used in preprocessing (Chen et al.).



IMPACT OF WEATHER AND RELATED EXTERNAL FACTORS

Environmental and other external factors that impact biomass variability and conversion processes are also considered in the collection. Addressing external issues—including equipment wear from soil-accumulated inorganics in biomass (Lacey et al.), challenges in the supply-chain structure (Sharma et al.), harvesting timelines and appropriate equipment selection (Daniel et al.), and weather factors (Hoover et al.; Ong et al.)—offer insights to process changes that could be implemented to improve the viability of biomass feedstock supply chains.



CONCLUSION

A paradigm shift is needed from biorefinery designs using raw biomass resources to advanced feedstock-supply systems that deliver commercial-scale biomass feedstocks that are conversion ready (Searcy et al., 2015). There is a need to fully recognize the magnitude of variability and uncertainty in biomass resources, as well as the cost of failing to design feedstock-supply systems that can mitigate that variability and uncertainty. As the recognition and need for conversion-ready biomass feedstocks increase, the research presented in this collection will prove increasingly beneficial. Considering conversion-ready feedstock-supply systems for biorefining allows greater opportunities to manage supply risks, including feedstock system designs that may incorporate the biomass preprocessing techniques presented in this collection. Such feedstock supply systems will provide value-added upgrading of the biomass to increase its convertibility and market fungibility. Taken together, these papers present relevant research that will enable stakeholders to better navigate the range of challenges related to consistently and economically producing conversion-ready feedstocks derived from lignocellulosic biomass on a commercial scale.
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