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Editorial on the Research Topic
Innovative Technology and System Integration for Gaseous Biofuels Production

Primary energy demand in the world is expected to continue to grow over the next few decades with population and economy (Sarkodie et al., 2019; Sharma et al., 2020). Excessive exploitation and utilization of fossil fuels have led to energy shortage and environmental pollution (Cheng et al., 2020). To date, many countries have the ambition to achieve carbon neutrality between 2050 and 2060. It is urgent to explore advanced and clean fuel sources for the future sustainable development and decarbonization of the society (Chiaramonti et al., 2021).
Biomass resources, such as straws, food wastes, algae, and manures, are underutilized in most parts of the world (Chew et al., 2017; Qin et al., 2018). Converting biomass feedstock to green gaseous biofuels has a great potential for the reduction of pollutant emissions and may play a significant role in future energy system (Khoo et al., 2020; Murphy and Thamsiriroj, 2011).
There are a number of existing pathways capable of producing gaseous biofuels; however, the optimal pathway is difficult to define due to technology challenges and maturity, variations in available feedstock, and the wider contexts within which a solution is implemented. For example, biogas rich in methane can be produced through anaerobic digestion (AD), which is a mature technology and has been applied worldwide in recent years. Nevertheless, the biogas production rate, the process stability, and the feedstock utilization efficiency are still not satisfactory and need to be further improved. Additionally, the treatment of liquid digestate from full-scale biogas systems may require significant energy inputs and raise environmental risks (Xia and Murphy, 2016). To achieve an efficient AD process, it is crucial to fully understand the mechanisms of the microbial conversion to propose effective enhancement strategies. An energy-efficient and environment-friendly biomass feedstock pre-treatment and hydrolysis processes would be advantageous for the access and utilization by microbes to improve biofuel production (Deng et al., 2019). Furthermore, the biomass pre-treatment, biofuel production and upgrading, as well as byproducts production should be integrated and optimized to maximize the efficiency and minimize the cost of such a system. The research topic includes three original research articles and two review articles, which combine and cover various aspects of the innovation in gaseous biofuels production technologies and systems.
Lin et al. investigated the impact of hydrothermal dilute acid pre-treatment on the hydrolysis performance of grass silage. An optimal hydrothermal condition at the temperature of 140°C and time of 20 min was identified, with a maximum sugar yield of 0.29 g/g volatile solid (VS). A first-order reaction model combining grass silage hydrolysis and degradation was established to successfully predict the production and consumption of sugars. The authors indicated that heat recovery could significantly reduce the energy requirement of hydrothermal pre-treatment process.
Uddin et al. reviewed the innovative technologies and key factors for AD process. The challenges and the future perspective associated with AD process were highlighted. The authors identified appropriate temperature and pH, a strong inoculum to substrate ratio, good mixing, and small particle sizes are crucial to ensure an efficient AD process, which can provide some guidelines for the renewable gaseous biofuels production by using organic wastes as substrates.
The work of Te et al. was dedicated to the optimization of pyrolysis parameters for biochar production from banana peels. The optimal pyrolysis parameters were identified at a temperature of 356.1°C, a residence time of 180 min, and a heating rate of 14.7°C min−1, achieving a biochar yield of 58.8 and a O/C ratio of 0.289. Subsequently, the optimum biochar was selected for the growth of Ipomoea aquatica. The results suggested that the highest final plant height could be achieved at a biochar dosage of 1%.
Wang et al. assessed the potential of microalgae as substrates for the production of clean gaseous biofuels. The hydrogen-producing enzymes in microalgae and the hydrogen production pathways have been summarized and compared. Various bioprocess engineering and genetic engineering were reviewed for the enhancement of biohydrogen production. Also, the recent progresses in integrated biorefinery systems for hydrogen and methane co-production were discussed in detail. The study also highlighted the future trends and challenges associated with hydrogen and methane production from microalgae.
A study by Khamtib et al. used expanded clay as a supporting material for hydrogen co-fermentation of oil palm trunk hydrolysate and slaughterhouse wastewater by Thermoanaerobacterium thermosaccharolyticum KKU19 in a fixed-bed reactor under a non-sterile condition. Long-term results demonstrated that expanded clay can effectively immobilize the microbial cells, while converting organic substrates into hydrogen. An optimal hydrogen production rate of 6.82 L/L and a hydrogen yield of 231.99 ml H2/g-COD were achieved at a hydraulic retention time of 6 h. Meanwhile, the dominant soluble metabolite products were butyric and acetic acids, suggesting an efficient hydrogen fermentation process.
Collectively, these studies demonstrated a high level of scholarship and addressed a wide range of technical issues that constrain progress towards realizing gaseous biofuels in full-scale integrated production plants. We sincerely thank all authors and reviewers for their valuable contribution to the research topic. We also thank the Frontiers in Energy Research team for their support and assistance.
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