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Abstract  

Organic wastes, abundant in biodegradable components, emerge as a compelling solution for generating 

sustainable bio energy. Biogas, a product of anaerobic digestion (AD) applied to organic waste, offers 

a viable alternative with a calorific value ranging from 21 to 25 MJ/m3. It serves as an excellent 

substitute for fossil-derived fuels and natural gas, while concurrently contributing to a remarkable 

reduction of greenhouse gas (GHG) emissions by more than 80%. Nevertheless, it's crucial to 

acknowledge the challenges associated with the accumulation of ammonia during the AD process. This 

issue can lead to a decrease in biomass hydrolysis efficiency and methane formation, thus posing 

significant limitations to the industrial applicability of AD technology. Addressing these challenges is 

pivotal in advancing the viability of sustainable bio energy production from organic waste. 

1 Introduction 

The escalating demand for energy due to uncontrolled population growth, industrialization, and rising 

living standards has led to a heavy reliance on non-renewable energy sources like natural gas, coal, and 

oil. However, their usage has caused severe environmental threats, including greenhouse gas emissions, 

loss of biodiversity, rising sea levels, and climate change[1]. To address these challenges, there is an 

urgent need for sustainable and eco-friendly energy sources. Among the alternatives, biofuels, including 

biogas, have gained significant attention in recent years due to their potential to reduce fossil fuel 

consumption and associated environmental hazards. Biogas, primarily composed of methane and 

carbon dioxide, offers an economically viable and eco-friendly alternative energy source. Its production 

through anaerobic digestion (AD) of organic waste has emerged as a promising technology [2]. 

However, the AD process faces limitations, such as lower productivity, operational constraints, and the 

accumulation of ammonia, hindering its widespread adoption in industrial sectors. In recent years, 

nanotechnological advancements have shown promise in enhancing biogas production from organic 

waste. Nanoparticles, at the nanoscale (1 to 100 nm), possess unique physicochemical properties, 

including high surface-to-volume ratio, which enhances their catalytic activity and stability. 

Incorporating nanoscale materials as micronutrients in the AD process has been found to promote 

microbial growth, improve degradation efficiency, and increase biogas yield. This critical review article 
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summarizes the latest reports and research on nanotechnological advancements in biogas production. It 

explores the impact of nanomaterials in enhancing the AD process and biohydrogen production from 

organic waste [3]. The review highlights the superior effects of nanoscale materials and their versatile 

applications in various sectors. By shedding light on the potential benefits and challenges of utilizing 

nanomaterials in biogas production, this review aims to contribute to the ongoing efforts towards 

sustainable and efficient bioenergy generation. 

2 Various sources of organic waste 
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3 Nanotechnological approach for biogas production 
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5 Factors influence the AD process 

 

7 Conclusion 

The previous review underlines the pivotal role that nanoparticles (NPs) with their high surface-to-

volume ratio and reactivity potential play in augmenting the anaerobic digestion (AD) process for 

biogas production from organic waste. The inclusion of NPs leads to notable improvements in substrate 

hydrolysis and acidogenesis, resulting in increased formation of intermediates and higher biogas yields. 

The accelerated reaction kinetics attributed to NPs involve either direct or indirect interspecies electron 

transfer among syntrophic microorganisms. Various types of NPs have exhibited promise in enhancing 

biogas production, with examples including iron NPs and their compounds, carbon-based materials, 

and titanium dioxide. 
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