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Table 1 Biogas projects in the treatment of wastewater and solid wastes

Scale Temp.  Biogas yield

Feedstock Source Process (mg) () [m3 /(m3. ] Ref.
Wuxi No.2 Pharm. Factory: citric acid wastewater UASB 1320 40~45 5.2
Wisconsin Paper Factory: pulp and paper wastewater UASB 2611 35 34
Wastewater Canada Lake Utopia: paper mill wastewater UASB 3000 30~44 5.7 (11
Yantai Brewery: grains and juice of molasses alcohol Anaerobic-contacting process  600x2 35 3.8~4.6
Dranco technology, Belgium Organic Waste Systems Company One-phase dry fermentation 808 50~58 3.2~6.4
Solid waste Kompogas technology, Swiss Kompogas AG Company One-phase dry fermentation 55 4.7~5.8 [12,
Valorga technology, France Steinmueller Valorga Sarl Company One-phase dry fermentation 55 2.6 13]
BTA technology, Danmark Helsingor BTA/Carl Bro Factory Multi-phase wet fermentation 55 6.0
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AT FEGE TR R FE R A FL AR, XAH LRI, AN~
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7%, HEAREULP T DNA #AL e M40, @
it DNA FhSSFIBCE AT, ARHTICE D RES 450,

R 2 R T HRaU g . IRARAL  F IR v SO AR
Oy TR TTE B S B AR T ORI AR S8R T
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Table 2 Comparison of the molecular biology methods for microbial community analysis in biogas reactor

Method Advantage (A) and limitation (L) thfc?:;l;(;ut Application Ref.
DGGEY A: rRNA sequence information from excised DGGE bands Medium Diversity and the populations’ relative abundance [19,
L: Partial rRNA sequences, limited sensitivity, gel-to-gel variability shift 20]
T-RFLP? A: High sensitivity; simulation with databases possible High Methanogenic genera an their relative abundance [21]
L: Incomplete restriction; multiple separate restriction digests information throughout digester operation
LH-PCR? A: I-!igh sensitivity; sirpple: robyst High Simp!e, r.obust and co.st-eff.ecti.ve method.of o 22]
L: Limited phylogenetic resolution monitoring community shifts in anaerobic digestion
sscp? A: High sensitivity; no restriction enzyme digestion High Distinction of inactive bacteria from metabolically active 23]
L: More than one stable conformation; reannealing bacteria by comparative analysis of rRNA and rDNA
ARISA® A:High sen3|t|v_|ty; no restriction enzyme digestion, simple High Microbial diversity study in anaerobic digester [24]
L: Shorter amplicons are over-represented
Dot A: No PCR bias; existence of several defined probes Low Exploration of the butyrate-degrading and [30,
blotting  L: Requirement of several probes with different specificities; time demanding methanogenic community metabolic activity 31]
Cloning & A: Phylogenetic identification from sequencing; new primers or probes Low Determination of the microbial community [25,
sequencing L: The cloning step is time demanding; not suitable for reactor monitoring composition and design new probes for target groups 26]
FISHY A: High sensitivity; in situ hybridization High Evaluation of the methanogenic group composition in [27,
L: Limited by the taxonomic specificity of the probes anaerobic digesters by probe hybridization 28]
Q-PCR? A: Good sensitivity and reproducibility; simple and high-throughput method High Quantification of the methanogenic group in [32]

L: Requirement of probes with different specificities

thermophilic bioreactor

Note: 1) Denaturing gradient gel electrophoresis; 2) Terminal restriction fragment length polymorphism; 3) Length-heterogeneity PCR; 4) Single-strand
conformation polymorphism; 5) Automated ribosomal intergenic spacer analysis; 6) Fluorescence in situ hybridization; 7) Quantitative real-time PCR.
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Table 3 Automated monitoring systems in anaerobic digestion

Monitoring system Target Advantages and disadvantages Ref.
DO sensor BOD Complicate equipment [54]
Titrimetric system Total VFA Only determining total VFAs [55]

Determination of VFAs composition with high accuracy,

Gas chromatography Acetate, propionate, butyrate, etc. complicate and expensive system [57]
Near-infrared spectroscopy Methanogen density Normal accuracy and costly equipment [56]
Soft-sensing Alkalinity Common accuracy without the need of costly equipment [59]
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Recent Research Progress in Biogas Fermentation Process
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Abstract: This review summarized recent research progress in the field of biogas fermentation process including microbial community
regulation, process optimization and control, as well as fermentation system designing, and then pointed out that the process instability
and low productivity of biogas fermentation is due to lack of enough understanding on the mechanism of anaerobic digestion process.
The tendency of research and development in biogas engineering in the near future was also put forward in the following areas for
enhancing biogas productivity: metagenomics of microbial community and metabolic network, multi-scale process control, pretreatment
and compatibility of waste materials, and co-production of both hydrogen and methane.
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