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Microbial biotechnology is continuously evolving for valorizing waste into biofuels, biopolymers, biochemicals, and other value-added products. Biofuels and value-added by/co-products are produced entirely from various biomass feedstocks, including agricultural by-products and waste, lignocellulosic waste biomass from forestry, food waste, marine bioresources, and municipal waste solid waste as well as microbial biomass. These renewable biological resources are abundant, inexpensive and potential feedstock for circular bioeconomy. Microbes play a key role in the bioprocessing of various biomasses and the production of several new valuable products and sustainable and green technologies for the treatment of different issues in the energy-agri-food-environmental sector. Recently, attention to green approaches in industrial processes is paid worldwide. The global need for zero waste for a sustainable, green, and healthy environment generates a huge market and interest in different local and global communities. To meet these challenges, valorization especially microbial valorization of wastes into high-value products is an eco-friendly and holistic approach.  Recent advances on the valorization of waste biomass using Physico-chemical and microbial processes into valuable bioproducts have been thoroughly investigated. Progress and barriers for large-scale commercial usage of microbes for biomass-based products in emerging biorefineries are the key targets using the principles of zero wastes and cleaner technologies in an environmentally sustainable way to comply with the United Nations' Sustainable Development Goals (SDGs). This special issue aimed to collect global development on the microbial valorization of waste biomass for a sustainable environment, and their applications in the development of valued products.  It also surveys the research gaps and areas for future trends in biomass valorisation, which maximizes the agriculture’s and some downstream industries’ profits to makewhile employing cost-effective processes. 

Following topics have been covered in the VSI:

· Microbial pretreatment of waste biomass and waste feedstocks
· Biomass and waste feedstocks to value-added products 

· Biofuels, bioelectricity and anaerobic digestion

· Integrated wastewater biorefinery 

· LCA and LCIA analysis for microbial cell factories based biorefineries

· Microbial engineering and enzyme technologies for biobased biorefinery

· Microbial fermentation and saccharification
· Microbial recovery of critical metals
· Microbes in the circular economy

· Platform chemicals and biopolymers

· Production of bulk chemicals using microbes as cell factories 

This special issue consists of 24 high-quality research and review papers that cover several relevant topics such as recent developments and overview of agriculturally and industrially processed waste biomass, engineering interventions in valorization, bioengineering for valorizing lignocellulosic biomass, volatile fatty acid production by anaerobic fermentation, biohydrogen production and new insights on bioplastics production from lignocellulosic crop residues. Some papers focus on enzyme and fermentation bioprocess strategies, kinetic studies, and circular approaches, which provide support and reference for further scale-up and industrial production, development of microbial consortium for biological pretreatment lignocellulosic raw materials for further value addition.  
Liang et al. (2021) worked on Volatile fatty acid (VFA) production by anaerobic fermentation of corn straw with rumen microorganisms providing new insights into dynamic variation of bacteria and fungi during anaerobic ruminal fermentation. They explored the dynamic variation in bacterial and fungal community composition, carbohydrate-active enzymes (CAZymes) and key functional genes related with VFA production through metagenomic sequencing, and reported that rumen microorganisms efficiently hydrolyzed and acidified corn straw, and VFA concentration reached 8.99 g/L in 72 h. 
Srivastava et al. (2021) studied Biogenic enabled in-vitro synthesis of nickel cobaltite using fungus Emericella variecolor NS3, and its role in biohydrogen production by bioconversion of alkali treated rice straw using NiCo2O4 NPs stabilized cellulase produced sugar hydrolyzate via hybrid fermentation. Authors reported a total of 51.7 g/L sugar hydrolyzate produced 2978 mL/L cumulative H2 production after 336 h and a maximum rate of 34.12 mL/L/h in 24 h using Bacillus subtilis and Rhodobacter sp. employed for dark and photo-fermentation, respectively.  
The research is progressing in polyhydroxyalanoates production from lignocellulosic crop residues, lipid-type agricultural wastes, and other agro-industrial wastes such as molasses and whey, alongwith the latest information on fermentation strategies, kinetic studies, and circular approach which provide support and reference for further scale-up and industrial production of biopolymer (Wang et al. 2021). They reported that proper fermentation conditions and bioprocess kinetic parameters promote the cell growth and PHA synthesis, and the adaptability of the microbial strains to different substrates is crucial to biopolymer production.
In the downstream process, the bioconversion of lignocellulosic biomass can be improved by applying a biological pretreatment procedure using microorganisms to produce hydrolytic enzymes to modify the recalcitrant structure of lignocellulose. In this regard, various Bacillus strains, viz., B. subtilis B.01162, B. coagulans B.01123 and B. cereus B.00076  could be promising degraders for the wheat bran pretreatment, whereas, the mixture of B. subtilis B.01162 and B. coagulans B.01123 increased significantly the cellulase, endo-glucanase, and xylanase activity that results in increased lignocellulose degradation, this study can be basis for the development of microbial consortium for biological pretreatment of lignocellulosic raw materials (Vu et al. 2021).   

Min et al. (2022) reported that Manganese peroxidase (MnP), a lignin-degrading enzyme, from Phanerochaete chrysosporium, is capable of decomposing cellulosic components via boosting cellulase activity, the first report demonstrating a previously unknown fungal MnP activity in cellulose-decomposition in addition to a known delignification activity, MnP driven MnIII-acetate found to be necessary for cellulolytic activity, this can be helpful for constructing economically viable biorefinery system.

A process engineering strategy was investigated towards developing a viable scheme for effective conversion of hydrothermolysis pretreated non-detoxified switchgrass hydrolysates (SH) to acetone butanol ethanol (ABE) using a metabolically engineered strain of Clostridium beijerinckii NCIMB 8052, C. beijerinckii_AKR (Adesanya et al. 2022). They reported that the intermittent feeding strategy and C. beijerinckii_AKR enhanced ABE fermentation and eliminated the need for SH detoxification prior to fermentation, this showed that metabolic and process engineering are viable strategies to increase ABE fermentation (Adesanya et al. 2022). 

Troiano et al. (2022) researches on Filamentous fungi are used as biocatalysts in the oxidation of 5-(hydroxymethyl)furfural (HMF). Out of five, two species (A. niger and T. reesei), demonstrated superior HMF conversion and product accumulation, the optimal one-pot chemo-biocatalytic cascade system, comprising 1 g/L T. reesei whole cells coupled with 2.5 mM laccase and 20 mol% TEMPO, achieved a molar yield of 88% after 80 h.
Investigation on the effect of mixing ratio and total solids content on temperature-phased anaerobic codigestion of rice straw and pig manure for biohythane production and microbial structure, and the results showed that biohythane only produced from the mixture with 6% TS content and its average content were 12.83 ± 1.19% (hydrogen) and 23.68 ± 1.12% (methane). Increasing mixture total solids (TS) content and decreasing its rice straw (RS) ratio increased biohythane production and organic matter removal by creating a suitable process pH and increasing the anaerobic reaction rates (Liu et al. 2022).  
Xylitol is widely used in the food and pharmaceutical industries as a valuable commodity product. Biotechnological production of xylitol from lignocellulosic biomass by microorganisms is a promising alternative option to chemical synthesis or bioconversion from D-xylose. The potential of metabolic mutants of Aspergillus niger is used for xylitol production directly from lignocellulosic biomass by metabolic engineering, the triple mutant ΔladAΔxdhAΔsdhA showed the best performance in xylitol production from wheat bran and cotton seed hulls (Meng et al. 2021). 

Filamentous fungi are sources of plant cell wall degrading enzymes in nature. Understanding the interactions between enzymes is crucial for optimizing biomass degradation processes, the concept of the interactome is presented as a holistic approach that depicts the interactions among enzymes, substrates, metabolites, and inhibitors. The enzyme-substrate-metabolite-inhibitor interaction also provides a better understanding of biomass conversion, allowing bioproduct production from recalcitrant agro-industrial residues, thus bringing greater value to residual biomass Interactome can unlock the full potential of lignocellulosic components (Monclaro et al. 2022). 

Microbes-metal interactions are not sufficiently exploited to recover metals from secondary sources, although they are already used in ore extraction. Microbial processes for critical metal recovery are cost-effective and eco-friendly, since conventional physico-chemical methods are energy-intensive and polluting. Two groups of microbial assisted recovery processes are discussed: metal mobilization from metal bearing waste, and selective metal separation from leaching solutions by immobilization on microbial biomass. Biomass-based technologies are sustainable, low-cost and environmentally friendly (Gavrilescu 2022).
Madhavan et al. (2022) presented a systematic review on the advancements of genetic and metabolic engineering techniques and the availability of sequenced genomes that discovered their potential as expression hosts for recombinant protein production. Plant-biomass degrading filamentous fungi show the unique capability to decompose lignocellulose and valorise into fermentable sugars and other biochemical for biofuels, biomolecules, and biomaterials. The current trends in engineering filamentous fungi for enzymes, fuels, and chemicals from lignocellulose biomass are studied. 

Bioethanol is an ideal gasoline extender and is widely used in many countries in blended form with gasoline at specific ratios to improve fuel characteristics and engine performance. The engineered bacteria may be promising ethanol producers while may show other desired traits such as thermophilic nature and high ethanol tolerance (Panahi et al. 2022), the authors discussed about the knowledge on the overexpression, and deletion of the genes in bacterial hosts to achieve higher ethanol yield, production rate and titer, and tolerance.

In situ biogas up-gradation by supplying hydrogen from an external source and enrichment of hydrogenotrophic methanogens, high pressure of H2 negatively affects hydrolytic and fermentative activities, the hydrogenotrophic methanogens by optimization of various parameters associated with gas recirculation along-with hydrogen supply from the external source. Due to the recirculation of gases, which minimized the adverse effects of H2 on microbial diversity, and supplied hydrogen, methane generation is two-fold higher in the optimal condition than in conventional anaerobic digestion, with the highest methane content of 99% (Khan et al. 2022). 

Succinic acid (SA) is a top platform chemical obtainable from biomass. Researchers evaluated the potential of Actinobacillus succinogenes for SA production using xylose-rich hemicellulosic fractions of two important lignocellulosic feedstocks, olive pits (OP) and sugarcane bagasse (SCB) and the results were compared with pure xylose (Jokodela et al. 2022). They reported the maximum SA titers of 36.7, 33.6, and 28.7 g/L was achieved on pure xylose, OP and SCB hydrolysates, respectively, with same conversion yield of 0.27 g/g during fed-batch culture. 

Reshmy et al. (2022) have well discussed the Valorization potential of lignin using microorganisms. Bacterial-based techniques are commonly utilized for lignin fragmentation due to their high metabolitic activity. Recent advancements in lignin valorization utilizing bacteria, such as lignin decomposing microbes and major pathways involved that can breakdown lignin into various valuable products namely lipids, furfural, vanillin, polyhydroxybutyrate and poly lactic acid blends. 

Cocoa beans are produced through on-farm processing where residual biomass is discarded, including cocoa pod husks (CPH), cocoa bean shells and cocoa sweating, the lignocellulosic composition of CPH has attracted the attention of the scientific and productive sector.  Some studies have reported the use of CPH in the production of medium to high value-added molecules, with potential applications in food and feed, agriculture, bioenergy, and other segments (Vandenberghe et al. 2022).

The carboxylate platform employs a diverse microbial consortium of anaerobes, important aspects of the platform, including its thermodynamic underpinnings, influences of inoculum source and operating conditions on product formation, and downstream chemical processes that convert the carboxylates to hydrocarbon fuels and oxygenated chemicals which further establishes the carboxylate platform as a viable and economical route to industrial biomass utilization (Holtzapple et al. 2022). 

A circular bioeconomy approach of utilizing zero-waste has been discussed. Waste to the product approach has proposed for tuning environ-threat soybean husk towards lipolytic enzyme by integrating the invasive weed optimization with biomass and product dynamics. The product dynamic studies reveal the kinetic parameters of kst, kdiv, PFin, which put forth the zero-waste (soybean husk) to the product (lipolytic enzyme) approach by introducing the novel “Invasive Weed Optimization” coupled with “Biomass and product dynamics” to the bioprocessing field (Garlapati et a. 2022), the first attempt of “Biomass and Product dynamics” study has been implemented in SSF study.
Sung and Sim (2022) highlighted the potential of Astaxanthin as a nutraceutical and pharmaceutical. Furthermore, with increased demand for green technology, astaxanthin production through direct CO2 conversion using the autotrophic green microalga Haematococcus pluvialis as a bio-platform has received much attention. A multifaceted strategy including the development of high-efficiency strains, a culture system for astaxanthin accumulation, and astaxanthin extraction from biomass, for economically producing astaxanthin from H. pluvialis through direct CO2 conversion is presented.
Carboxylic acids, traditionally produced from fossil fuels, might be generated from renewable biomass resources via anaerobic fermentation considering that the microbial activity of this bioprocess is ruled by the imposed hydraulic retention time (HRT), researchers explored the relationship between process stability and microbial community, and revealed the direct implementation of low HRT resulted in drastic microbial fluctuations, leading to process failure at HRT below 6 days. Further, stepwise strategy for HRT reduction favored microbial adaptation, supporting maximum bioconversions efficiencies (32 % VFACOD/tCODin) at low HRT values (Llamas et al. 2022). Microbial similarity analysis revealed Clostridiales, Lactobacillales and Bacteroidales orders as keystone microorganisms involved in VFAs production.
Most sugar alcohols are produced by chemical routes using pure sugars, but a transition towards the use of renewable, non-edible feedstocks is anticipated. The most recent studies on utilizing yeasts to convert renewable feedstocks to diverse sugar alcohols, including xylitol, erythritol, mannitol and arabitol are reviewed and metabolic approaches are highlighted that specifically target shortcomings of sugar alcohol production by yeasts from these renewable substrates (Erian and Sauer 2022).

Dairy is a burgeoning industry following the global population growth, resulting in generation of waste such as wastewater (from cleaning, processing, and maintenance), whey and sludge. Additionally, alkaline and acidic detergents and sterilizing agents in dairy waste make it an environmental hazard. Here, Usmani et al. (2022) presented a compressive review on sustainable valorization of dairy waste requires utilization of biological methods such as microbial treatment. Using microbes, aerobic and anaerobic treatment of dairy waste can be a sustainable and green method to generate biofertilizers, biofuels, power, and other biobased products.
Lignocellulosic biomass-derived fuels, chemicals, and materials are promising sustainable solutions to replace the current petroleum-based production. However, the direct microbial conversion of thermos-chemically pretreated lignocellulosic biomass is hampered by the presence of highly toxic chemical compounds. Metabolic engineering primarily focused on the conversion of carbohydrates in lignocellulose biomass; substantial opportunities exist to harness value from toxic lignocellulose-derived toxic compounds, the comprehensive metabolic routes and tolerance mechanisms to develop robust synthetic microbial cell factories to valorize the highly toxic compounds to advanced-platform chemicals (Jayakody et al. 2022).

Here we present a collective literature on recent researches and articles related to the microbial conversion of waste materials/biomass into useful products. All the articles in this special issue have been published following rigorous peer-review processes, and we congratulate all the authors for their excellent contributions. In addition, we want to thank Professor Ashok Pandey, Editor-in-chief of the journal, and Daniel Leonard, Journal Manager and the entire publishing team for their help and support in bringing out this special issue.
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