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Abstract: Dwindling supplies of conventional energy sources and the demand to increase the share of renewable energy for
sustainability have increased the significance of biogas, the product of synergistic fermentation of biodegrable organic wastes from
municipal, agricultural and industrial activities by microbial populations under anaerobic conditions. With extensive research and
engineering practice, many technologies and modes have been developed for biogas production and application. Currently, the most
widely used mode is the complete-mixing mesophilic fermentation. Europe, especially Germany, is leading the world in the
combined heat and power production (CHP) from biogas. In this paper, updated progress in biogas technologies is reviewed, with
focuses on anaerobic microorganisms, bioreactor configurations and process development, biogas production and applications, in

which perspectives of biogas as a clean and renewable energy are projected.
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Table 1 Types of process of anaerobic digestion
Ba.s1.s Of Process types Main characteristics
classification
Ambient digestion Fermen?atlon temperature varying Wltl:l air te-rr{perature, poor effects of gas production, instable
production of biogas, and low conversion efficiency.
Mesophilic Fermentation temperature of 28°C—38°C, available waste-heat utilization equipment of heating
Fermentation Sesop boiler or CHP, AD stabilized at a high level, high biogas production rate, balanced and stable
digestion . . . . .
temperature biogas production, adopted by medium and large biogas projects at present.
. Fermentation temperature of 48°C—60°C, quick decomposition of organic matter, high biogas
Thermophilic . L . . . .
. . production rate, short retain time, applying to AD for high-temperature organic wastewater with
digestion .
waste heat to be utilized.
Replacing with new materials after a batch of materials fermenting for a period of time, the
Batch digestion whole digestion process of biogas production which can be observed, but failing to produce
biogas in a balanced way.
. . Providing lots of raw materials at the initial stage of startup, beginning to feed a few when
Semi-continuous . . . . . . .
Feed mode dieestion biogas production decreases and then making regular feeding and discharge, producing biogas
g in a balanced way, and great applicability.
. Continuous feeding based on the designed load or short feeding interval after AD operates
Continuous . . . . . L . .
digestion normally, producing biogas in a balanced way, high operation efficiency, adopted by medium

Fermentation stage

State of feed liquid
of digestion

Flow type of feed
liquid

Two-stage digestion

One-stage digestion
Wet digestion

Semi-dry digestion

Dry digestion

Complete-mixing
digestion

Plug-flow digestion

and large biogas projects.

Stage of acid production and that of methane production for AD carried out in two reactors for
the purpose of making better control and adjustment of environmental conditions, shortening
digestion period and being favorable to optimization design, balanced and stable biogas
production, and high content of methane.

Stage of acid production and that of methane production for AD carried out in one reactor.

Content of TS of less than 10%, flowing fluid existing indigestion material, and popular process
of AD adopted by current biogas technology.

Fermentation concentration between that of wet and dry digestion, i.e. 10%—20%.

Content of TS of over 20%, no flowing fluid existing indigestion material, slightly poor biogas
conversion efficiency, difficult feeding and discharging, adopted in the region short in water
resource but rich in raw materials.

Using the stirring equipment, feed liquid in a uniform state, high gas production rate and
conversion efficiency, adopted by most medium and large biogas plants of treating poultry and
livestock manure as well as sludge in sewage treatment plant.

No vertical mixing of feed liquid, high concentration of feed liquid, adopted by most biogas
plants with high-concentration digestion of treating poultry and livestock manure.
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Fig. 2 General process flowchart of biogas plant.
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Fig. 3 Process flowchart of farm biogas plant.
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Fig. 4 Typical process flowchart of organic MSW biogas plant.
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