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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

Fig.1 A The number of
publications with the keyword 120 -
“nanoparticles” and “anaero-
bic digestion” in Scopus as on
March 27, 2023*. B Network 100 -
visualization of terms associ- »
ated with “nanoparticles” and S 1
“anaerobic digestion” (color g 80 -
figure available online) 2
=
=
2 604
-
=]
-
2 4w
£
= 4
.
20
0+
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Years
(A)
manures
~ manure
Zincigxice fedtil@ers o)
litaniurglionde waste activgied siadges
~ = _ iron axides
® sludiWn melh'!oe";
- nana'.cly methanogegic bacterum
e e 209IVES _ icrobial gommuntties
ranostructuge mateqals volatile fghty ac»ds magnette
e NS e > meman*mu tion
metay na‘.ﬂtles bﬂw mmne omognellle nanoparticle
o copper ﬁan‘lae | ﬁ methangsarcina
metal n‘oar;zlr & e oy *‘W!Ofs -

-

g ncnwmnﬁn‘d

g waslw*ea!men,

"w‘*rowth ¢

un
& mﬂv. °

¥ wast@vatel jempamture b anse@bics 3 "“
W“‘"‘EQ"'MM © nitiggen @ hydtagen o ﬂ&ov‘rl vcn
® caggen 5y Aron n‘a
wiitto walm‘nagmmml 4%

Pitargomon " ™ ofoodiuste
.

o b o
" “""‘.8090“0" . akiation recaction potential
.

-

v biodedi@dation

water golutart o O
@ Doengr gy

(B)

175|Page




IJFANS International Journal of Food and Nutritional Sciences

ISSN PRINT 2319 1775 Online 2320 7876

Research paper (CRANVARINNSIA NG SIRENT VU GC CARE Listed ( Group -1) Journal Volume 10, Spl Iss1, 2021]

Fig.2 Structure of lignocel-
lulosic biomass. Adopted from
Hernidndez—Beltran et al. [36]
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Table 1 Wasiewater compositions from various sources
Source COD (g'L) BOD (g/L) Total nitrogen Total phos- TSS (mg/L) VS5 (mg/L) pH Reference
(mg/L) phates (mg/L)
Brewery wastewater
2-6 - 25-80 10-50 2900-3000 - 12 [41]
814 - BO-280 20-90 S00-1300 380-1100 5262 [42]
22.5-325 - 320450 144216 - B00-1400 3239 [43]
Meat processing wastewater
Poultry 2.36-4.60 1.19-2.62 147-233 33-128 640-1213 - 6.5-7.0 [44]
Cow and swine 2-6.2 1.30-2.3 - 1540 850-6300 - 6.3-6.6 [45]
Tapioca starch wastewater
B.36-8.91 5.81-6.02 - - 12401695 900-1005 4548 [46]
10.496 6.3 525 94 827 - 4549 [47]
16.362 15 - - 1742 1687 4.56 [48]
Ethanol wastewater
Molasses 1600 64.9 2638.0 9070 11.400.0 10.400.0 4129 [49]
Cassava 86.3 - 1755.0 214 48,2500 40,8000 427 [49]
Palm oil mill effluent
0.5 350 1020.0 - 26,6000 - 47 [50]
56.5 350 810.0 - 83000 - 5.1 [51]
85.9 40.3 830.0 - 30,5000 - 45 [52]
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3 Nanotechnological approach for biogas production
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5 Factors influence the AD process
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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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