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Every year, about one-third of food is wasted through the food supply chain, generating many economic, environmental and social issues. Meanwhile, the increasing global energy demand and depletion of fossil fuels are driving international policies to promote the use of alternative energy sources. In this regard, the recovery of energy from food waste not only constitutes an economic opportunity, but could also contribute to the mitigation of greenhouse gas (GHG) emissions and improvements in food waste management. Biological processes represent a valuable option for the environmentally-friendly treatment of the mentioned streams [1]. In this Special Issue, the sustainability of biological treatments for food waste has been studied by Thapa et al. [2]. The authors used the average composting data for Canada in order to determine the change in carbon footprint caused by the diversion of food waste. It was determined that the overall carbon footprint was remarkably reduced from the composting of food waste, confirming the environmental effectiveness of biological treatments [2].



Among biological processes, anaerobic digestion (AD) is one the most suitable technologies for stabilizing organic wastes, due to its limited environmental impacts and high potential for energy recovery. On the other hand, although AD is consolidated and widely applied, it still faces a number of technical and economic challenges [1]. Therefore, further efforts are required to effectively improve the AD process from food waste. In this Special Issue, different aspects have been studied: the optimization of the technology from both the biological point of view [3] and the reactor configuration [4], as well as problems related to the digestate management [5].



For instance, Mazzurco Miritana et al. applied the bioaugmentation strategy to improve the AD of shrimp processing waste (SPW). The authors used a fermenting bacteria pool (F210) and two strains of anaerobic fungi (AF). They tested both the single and combined bioaugmentation at different SPW concentrations. The results showed that cumulative methane productions were optimized by the combined bioaugmentation strategy and that they increased with SPW concentration. Moreover, the F210 pool played a key role in the process optimization, whilst no effect was obtained via the addition of AFs [3].



Parajuli et al. studied the reactor configuration by the optimization of the hydraulic retention time (HRT) and organic loading rate (OLR) of a two-stage semi continuous reactor, fed with food waste. The results showed that the reduction in the HRT and the increase in the OLR in the first stage led to a methane decrease from 18.20% to 0.06%, thus fostering hydrogen production. At the steady state, the optimized system produced 22.32 ± 4.16 NmL/gVS of hydrogen in the first stage and 161.02 ± 17.72 NmL/gVS of methane in the second stage [4].



Regarding the management of the AD effluent (i.e., digestate), it is well known that sometimes its characteristics (e.g., high ammonia concentration and/or presence of dangerous compounds) may represent a challenge [6].



For instance, the presence of contaminants, including petroleum hydrocarbons, could limit the widespread agricultural utilization of digestate. In this context, De Simone et al. elucidated the effect of cationic polyelectrolyte addition on biomethanation as well as the degradation and extractability of C10–C40 hydrocarbons during the mesophilic AD of contaminated sewage sludge. The results showed that the addition of cationic polyelectrolyte extended the AD lag phase. Nonetheless, the methane yield was not affected, concomitantly leading to a significant impact on hydrocarbon degradation [5].



Over the last decade, a novel modification of the AD process called dark fermentation (DF) has gained increasing attention, due to its capability to convert organic waste into valuable organic compounds (i.e., organic acids and alcohols) and energy (i.e., hydrogen) [7]. The possibility of producing hydrogen instead of methane makes DF a suitable and environmentally-friendly process. Indeed, hydrogen is a viable alternative energy carrier because of its stability, high energy content and lack of greenhouse gas emissions [8]. On the other hand, different DF issues such as the problems related to substrate characteristics and the low hydrogen yields need to be solved. In the SI, different solutions aimed at improving the DF process have been proposed, including the co-substrate fermentation strategy [9] and the coupling of DF with further processes [10,11].



For instance, Policastro et al. investigated the inhibiting effect of two problematic biomasses (i.e., of olive mill wastewater, containing recalcitrant/toxic compounds and cheese whey, lacking pH buffering capacity). The authors studied the possibility of applying a co-fermentation strategy to enhance the process. The obtained results confirmed that the two investigated substrates exerted inhibiting effects on microorganisms when used alone. Nevertheless, the use of 20% cheese whey and 80% olive mill wastewater allowed the authors to double the hydrogen yield [9].



During DF, hydrogen is produced together with organic acids (OAs) and alcohols, leading to low hydrogen yields. To improve these yields, the coupling of DF and PF processes allows for the assimilation of the OAs produced during the DF in the PF; this leads to greater hydrogen production from the substrate. In this context, mixed phototrophic cultures represent better alternatives compared to pure ones [12]. Gonzalez et al. studied microbial interactions in natural and synthetic consortia and investigated the bioaugmentation strategy to improve the performance of the photo fermentation processes. The results confirmed that the use of a consortium of Clostridium pasteurianum, Rhodopseudomonas palustris and Syntrophomonas wolfei enhanced hydrogen production. A further improvement was observed when S. wolfei was added as the bioaugmentation agent [11].



Finally, Zonfa et al. investigated a two-stage process for cheese whey valorization by integrating DF with an electrochemical system, with the aim of overcoming the thermodynamic/biochemical limitations of fermentation and enhancing hydrogen recovery. The bio-electrochemical process achieved promising results, displaying a three-times higher hydrogen production yield compared to the conventional dark fermentation method [10].



To summarize, in this Special Issue, the authors faced different challenges related to many aspects of the process and proposed many innovative solutions, providing interesting research results and perspectives in relation to the AD of FW.
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