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Nanotechnology has an increasingly large impact on a broad scope of biotechnological, pharmacological and pure
technological applications. The novel notion of dosing ions using modified nanoparticles can be used to progress

up biogas production in oxygen free digestion processes.

biofuels bio-methane environment nanoparticles nanotechnology biosensors

waste activated sludge

| 1. Introduction

Over the past few decades, industrialization and population growth has led to a significant increase in energy
demand. Currently, fossil fuels are the prime source of basic energy production, contributing 80% of total global
consumption. Out of this 80% of primary energy produced by fossil fuels, the transport sector is the major
consumer with 58% consumption 2 of which 80% is being produced by Brazil and USA Bl In future, the
transportation fuel demand is estimated to increase up to 55% globally by 2030 and this will increase the demand
for biofuels [BI4IE],

Due to this intensive consumption and increasing demand in the energy sector, fossil fuel resources are depleting

at a rapid pace and there is a dire need to explore and identify new and renewable energy sources globally (8],

One such renewable energy source is biogas produced by anaerobic digestion (AD), which utilizes various wastes
such as animal manure, [ agricultural waste B and organic wastes 2. Biogas is produced mainly due to the
process of AD, resulting in the formation of CO, as a byproduct, which is consumed during photosynthesis and
retrieved again, for AD, in the form of agricultural waste and animal manures. This consumption of CO, takes place

in a closed cycle 19 as shown in Figure 1.
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Figure 1. Waste utilization to produce renewable energy.

During AD, four steps are involved in methane production, which include; hydrolysis, acidogenesis, acetogenesis,
and methanogenesis. Methane production is a result of the synthrophic microbial relationship. During hydrolyses,
bacterial cellulosome and exoenzymes monomerize complex proteins, carbohydrates and fats. In the second step
(acidogenesis), along with CO, hydrogen and alcohols, further degradation of monomers into short chain acids
takes place. In the third step (acetogenesis), short chain acids are converted into acetate, CO, and hydrogen. In

the last step (methanogenesis), intermediates are converted into CO, and methane by methanogens [ (Figure 2).
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Figure 2. CO, and biomethane formation in an anaerobic process.

| 2. Application of Biosensors in Biogas Monitoring

The assessment of anaerobic digestion is based on the continuous monitoring of organic and volatile fatty acids,
resulting in the accumulation of intermediates for unsteady progression conditions 2. The intensifying public
interest in biogas production is a result of the exhaustion of fossil fuels. Anaerobic digestion has the advantage of
exploiting industrial waste for energy production and thus treating another modern day problem 1314l Efficient
methane production and endurance of process stability are resulting outcomes based upon the improvement of
several economic and technological aspects. These include a suitable feedstock composition, appropriate biogas
purification technologies and ideal conditions for a biogas reactor, which is based upon several physical and
biochemical parameters, including pH, alkalinity, gas quality, FOS/TAC (Fliichtige Organische Séauren, i.e., volatile
organic acids/Totales Anorganisches Carbonat, i.e., total inorganic carbonate) 18I8IL7 The accumulation of
organic acids like formate, lactate and alcohols, and volatile fatty acids (e.g., propionate, acetate, butyrate) results

in acidification of the reactor, which clearly indicates process imbalance 1812120211 The conventional methods for
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estimation of acid composition are gas chromatography 22, spectroscopy 2324 and HPLC (high-performance
liquid chromatography) 23281 which are commonly carried through external sources that cause high cost

partanalysis.

3. Metallic Nanoparticles Used for the Enhancement of Bio
Gas Production

3.1. Nanoparticles

‘Nanomaterials’ are the materials with an external dimension or internal or surface structure on a nano scale
ranging from 1 to 100 nm in size [Z1[28], The chemical origin of nanoparticles is greatly influenced by their chemical
origin, which is responsible for their behavior and fate in the environment (2239 Nanoparticles are classified into
four groups: organic, inorganic, composite and carbon NPs. Nanoparticles possess special chemical, physical and
optical characteristics. At the nano scale, properties of the particles change unpredictably, making them behave
differently with the same substance at the macro scale. Nanoparticles are ideal in a diversity of areas, such as
energy, medical, electronic and commercial products, due to their high reactivity and special features. Using

nanoparticles leads to the production of efficient, durable, lighter, firmer, and cleaner products and materials 31,

Different chemical and physical properties of nanoparticles from their macro counterparts make them interesting.
The higher chemical reactivity of nanoparticles is due to their high surface area, providing a greater number of
reaction sites 32, Gold (Au) is another example of nanoparticles at the nano scale. Amber does not react with
many chemicals at the macro scale and behaves as an inert element, but at the nano scale, gold becomes
enormously reactive, behaving as a catalyst to speed up reactions 22, This extremely reactive property of
nanoparticles is due to the ratio between the mass and open area. The human digestive system is a biological
example of AD processes being determined by the surface area to volume ratio, microorganism activity aids AD

digestion.

3.2. Concentration of Nanoparticles

Nanoparticles have been acquired from both anthropogenic and natural resources. In waste sludge, a very high
concentration of NPs could have accumulated. However, the toxicity and the impact of NPs on the sludge
treatment stream is still an area that requires a great deal of research 22, Nguyen determined the effects of ZnO
NPs and CeO, nanoparticles on the sludge AD process, toxic potential of sludge to plants and bacteria and

dewatering process of the sludge.

The concentration of nanoparticles is very important in determining their role for the process of methane and
biogas production (Table 1). Not all nanoparticles stimulate the anaerobic digestion system, rather some
nanoparticles inhibit the production rate considerably when compared with a controlled sample. Types and
concentration of nanoparticles play a vital role in the production rate of the anaerobic digestion system. In

comparison with a control sample, the exposure concentration of ZnO at 1000 mg/L resulted in inhibition to 65.3%
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biogas volume and 47.7% methane composition. At an endurable exposure concentration of zinc oxide, the

inhibition effect could be overcome after an incubation of 14 days 341,

Table 1. Nano additives concentration and their impact on the biogas and methane production rate.

) ) Incubation
NPs Type NP size Concentration Feedstock  Temperature Ti Effect
ime
192 Sludge from 11% Increase in biogas
CeO, 10 mg/L 30°C 40 _
nm UASB reactor production 3]
180% Increase in biogas
Waste water ) ) )
Fe3z0y4 7 nm 100 ppm 87 4G 60 production and 234% increase in
Sludge
methane 3
] 7% Increase in methane
Fe/SiO, 105 mol/L - 55RE - .
production 28]
] 7% Increase in methane
Pt/SiO, - 105 mol/L - E5RE - )
production 38
] 48% Increase in methane
ColSiO, - 105 mol/L - 55°C - _
production 38
o 70% Increase in methane
Ni/SiO, - 105 mol/L - 55RE© - ]
production 28]
71% increase in biogas
production
28 fresh raw
Co 1 mg/L 37°C 40
nm manure

45.92% increase in methane
production B4
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) ] Incubation
NPs Type NP size Concentration Feedstock  Temperature = Effect
ime
78.53% increase in biogas
production
17 fresh raw
Ni 2 mg/L 37°C 40
nm manure
116.76% increase in methane
production 7
47.7% increase in biogas
production
fresh raw
Fe 9 nm 20 mg/L SiE 40
manure
67% increase in methane
production B7
73% increase in biogas
production
fresh raw
Fe3z04 7 nm 20 mg/L 37 °C 40
manure
115.66% increase in methane
production 7
1 mg/g-TSS
No effect [8]
10 mg/g- WAS 40
140
ZnO TSS 35°C No effect 22
am AGS 105
50 mg/g- No effect B2
TSS
<50 10 mg/g- 120% increase in methane
nZzVi WAS 37°C 30 ]
nm TSS production 42
Feo,03 <30 100 mg/g- WAS 37 °C 30 117% increase in methane anew.

2. Nigam, P.S.; Singh, A. Production of liquid biofuels from renewable resources. Prog. Energy
Combust. Sci. 2011, 37, 52-68.
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. _ Incubation verview
NPs Type NP size Concentration Feedstock  Temperature = Effect
ime
nm TSS production 22 2-919.
kel-

cobaltite nanoparticles on production and thermostability of cellulases from newly isolated

thermotolraent Eurotiyomycetessp. NS Appl. Biochem. Bigtechnol, 2014, 174, 1092-1103.
| 4. An Understanding of Biomass and Their Characteristics

6. Bazmi, A.A.; Zahedi, G. Sustainable energy systems: Role of optimization modeling techniques in
BiopR8Eragenekatintrarad Syl vor-thddasw oRarevcah ustinickinergyitevorPdiitidd a34 80+s3b80f their
PG R PRI, TIPS T BMARR PR 168 00 ME AR R P86 SRR RS SRt
ot BR8N RREIMAL AP RARIDISR! SRR RRIElSRIERS RER Y e T SHFEL s dpypisgaument and
particle size. In terms of structure and composition, different effects were produced by different pretreatment
RetfBic!as, Bor BUiSe!- i AN ORPYIOTFe /B8 RIRPIIERHET ABIBYRRIME N AP s b IR JQTHiRGASI0se
fraddRALGTIER fEATNREMGUIIR! WRSIRAHRANEV ratHsiRRnE RN RAYN 221 bie 8ird 4 Ficl@B2- the biomass
pezifariyriece san e BHEGR MY IO redvct. RIRSRIABLIH WA RIS dTSdBHRsRt L YoR Milling-
bassigredr prEBeRBITAREAGRY SUSEANE B RBIRIPIREY. 2014, 38, 383-392.

19 fihe&adin b RbtenRealy shabld KR NIRIIMenEigs eualdRh dndVSlKrgy -eMRRASERafRbBIRBRSWith the
helb3PARAGKCHRINGSINAb PR hieRIAK WeRDIE Rie RER ALK (2D QR P idRadl species and active
19Udtsisy MY raoards o aeRIEAPBIIGHRNHINPHARSTS afftl adueisR Abiacreaset els, Wikgsoisitle. Particle
SWE??&W?\A%YHH@F#}{@%H%%W Jpgriation in the severity of the effects, was also assessed. NPs’ effects on

energized sludge systems. The outcomes of the NPs impact on energized sludge can be seen in a few related
1gRonlen, RLr\blas o s0anmen, Ma Keusgsm Me Selmer, 1 Sehopind, Md. Toward a Hvbid |
Biosensor Syste forAnal}/(%'%j é%ifo%)rganlc and Volatile Fatty Acids in Fermentation Processes.

microorganisms |X its moenergy p
Front. Chem. 2018, 6, 284.

P BIN4MOpaItiIIEs- Wit MIEPOBTYARISHIE © wastes in cenralized

biogasplants: Status and future trends. Appl. Biochem. Biotechnol. 2003, 109, 95-106.
DPIBAERTS A, PR AR FIE g N BRYTRM I RiaS Srerddae SR BH L Alsardre B A"

955 RS B UR8 A B R B L SRS S AR GRS AR N A RAR Db o8 g el on
thezl&g,g effect on wastewater microorganisms during aerobic digestion are rather minimal, but it still has a
remarkable effect 4344 Hence, it is tough to make a particular claim regarding the harmful effect of NPs on
LRaMiGIiA0d i BiRgas e Ui L utirmtisiate AR s sResdvan o ARE! Jictekiel BigtrrbnQlZRL0 of

tre@meRtn@@Rvironmental pollution from contaminated effluents and utilization of biosolids for changes in soil

1‘G?<§Nfﬁjméhiﬁe§4!t\ﬂﬁ‘é§é\,”%&?Aﬁﬁﬁ?&?%??@ﬁwﬁw?ﬂ%@%[%]view on optimization production and

upgrading biogas through CO2 removal using various techniques. Appl. Biochem. Biotechnol.
A b%f er,aTg}% ?&%gq_r§§§|§ms are affected by the silver ion. Bacterial growth in a variety of medical treatments,

including dental work, catheters, and healing burn wounds, has been controlled in recent days by silver ions (46]

1R oAt ehiPARN I ACHHRRS tiYre FRHVERIHY R ¥cARIRSANRIRAIGEE QY RINGH TR IRRSRARAEG IR ECBrichia
biowaste. Engineering 2017, 3, 299-307.
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19. Boe, K.; Batstone, D.J.; Steyer, J.-P.; Angelidaki, |. State indicators for monitoring the anaerobic

| Gi,Modifieds NRs,Rarticle:Size and Their Effect
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(20 m)angoh@, (30—-40 nm) were compared with their bulk metal salts to evaluate their effects against non-spiked

activated sludge (contrlc_>3_ 48] This study was conducted using three pilot treatment plants on a pilot scale. In
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22. Diamantis, V,; Melidis, P.; Aivasidis, A. Continuous determination of volatile products in anaeraghic
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alsofadladide fattylaid v oluaraedeki (SHiy estiaim gdabe Sease VWi ouisl d nffanedesie diras copyc iBisH Gk
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inhibition in AS B3, As shown for AgO, along with particle size, shape also plays a vital role and they can exist in
2609k &Y SfHerNangigrsipeies-termieoingnanshiainivensiieriiaageligsiy Nanararifler oxide
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