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Biogas produced by anaerobic digestion is a mixture of several gases. The most important part of the biogas is 
 methane. Biogas has a caloric value between 23.3 – 35.9 MJ/m3, depending on the methane content. The percentage 
 of volume of methane in biogas varies between 50 to 72% depending on the type of substrate and its digestible 
 substances, such as carbohydrates, fats and proteins. If the material consists of mainly carbohydrates, the methane 
 production is low. However, if the fat content is high, the methane production is likewise high. For the operation 
 of power generation or CHP units with biogas, a minimum concentration of methane of 40 to 45% is needed. The 
 second main component of biogas is carbon dioxide. Its composition in biogas reaches between 25 and 50% of 
 volume. Other gases present in biogas are hydrogen sulphide, nitrogen, hydrogen and steam (ref. 1 and ref. 2). 


Feedstocks of biogas production in Vietnam  are mainly from animal manure, agricultural waste including 
 agriculture industries like palm oil mill effluent (POME), municipal solid waste (MSW) and landfill. Some of the 
 biomass potential can be converted to biogas. MSW and land-fill biogas is discussed in chapter 12.  


Anaerobic digestion (AD) is a complex microbiological process in the absence of oxygen used to convert the 
 organic matter of a substrate into biogas. The population of bacteria which can produce methane cannot survive 
 with the presence of oxygen. The microbiological process of AD is very sensitive to changes in environmental 
 conditions, like temperature, acidity, level of nutrients, etc. The temperature range that would give better 
 cost-efficiency for operation of biogas power plants are around 35 – 38oC (mesophilic) or 55 – 58oC (thermophilic). 


Mesophilic gives hydraulic retention time (HRT) between 25 – 35 days and thermophilic 15 – 25 days (ref. 2). The 
 hydraulic retention time is  a measure of the average length of time that a soluble compound remains in the 
 bioreactor. 


There are different types and sizes of biogas systems: household biogas digesters, covered lagoon biogas systems 
 and Continuously Stirred Tank Reactor (CSTR) or industrial biogas plants. The last two systems have been largely 
 applied worldwide to produce heat and/or electricity (CHP) commercially for own use and sale to customers. 


Figure 68: Covered lagoon and CSTR biogas plants (ref.3) 


Covered lagoon systems are applied for which the biogas feedstocks are mostly liquid waste like POME. POME is 
 stored in a lake that is covered by an airtight membrane to capture biogas during anaerobic biological conversion 
 processes. In CSTR systems, liquid waste is stored in tanks to capture biogas during the anaerobic biological 
 conversion process. In general, this type of technology has several stirrers in the tank that serves to stir the material 
 that has higher solids content (≥12%) continuously. 


The output of biogas depends much on the amount and quality of supplied organic waste. For manure the gas output 
is typically 14 – 14.5 m3 methane per tonne, while the gas output typically is 30 – 130 m3 methane per tonne for 
industrial waste (ref. 4). Additional biogas storage is required when the consumption of biogas is not continuous. 


Biogas from a biodigester is transported to the gas cleaning system to remove sulphur and moisture before entering 
 the gas engine to produce electricity. The excess heat from power generation with internal combustion engines can 
 be used for space heating, water heating, process steam covering industrial steam loads, product drying, or for 
 nearly any other thermal energy need. The efficiency of a biogas power plant is about 35% if it is just used for 
 electricity production. The efficiency can go up to 80% if the plant is operated as combined heat and power (CHP). 


Figure 69: Biogas CHP working diagram (ref. 5). 


Input 


Bio-degradable organic waste without environmentally harmful components such as, animal manure, solid and 
 liquid organic waste from industry. Sludge from sewage treatment plants and the organic fraction of household 
 waste may also be used. 


Output 


Electricity and heat. 


The data presented in this technology sheet assume that the biogas is used as fuel in an engine, which produces 
 electricity and heat, or sold to a third party. However, the gas may also be injected into the natural gas grid or used 
 as fuel for vehicles. In this case the gas needs to be treated to comply with the standards of the gas grid. The digested 
 biomass can be used as fertilizer in crop production. 


Typical capacities 
 Medium: 10 – 50 MW.  


Small: 1 – 10 MW.


Ramping configurations 


Like gas power plants, biogas power plants can ramp up and down. However, there is a biological limit to how fast 
 the production of biogas can change. This is not the case for the plants which have biogas storage. Biogas storage 
 would be beneficial to accommodate when demand is higher or lower than the biogas production. 


Advantages/disadvantages 
 Advantages 


• The CO2 abatement cost is quite low, since methane emission is mitigated, primarily from manure. 


• Saved expenses in manure handling and storage; provided separation is included and externalities are 
 monetized. 


• Environmentally critical nutrients, primarily nitrogen and phosphorus, can be redistributed from overloaded 
 farmlands to other areas. 


• The fertilizer value of the digested biomass is better than the raw materials. The fertilizer value is also better 
 known, and it is therefore easier to distribute the right amount on the farmlands. 


• Compared with other forms of waste handling, biogas digestion of solid biomass has the advantage of recycling 
nutrients to the farmland – in an economically and environmentally sound way. 


Disadvantages 


• If the plant is placed close to residential areas, smell can be a challenge. 


• Leakage of methane from the biogas engine can reduce the climate gas reduction. 


Environment 


Biogas is a CO2-neutral fuel. Also, without biogas fermentation, significant amounts of the greenhouse gas methane 
 will be emitted to the atmosphere. For biogas plants in Denmark the CO2 mitigation cost has been determined to 
 approx. 5 € per tonne CO2-equivalent (ref. 6). 


Research and development 


Makel Engineering, Inc. (MEI), Sacramento Municipal Utility District, and the University of California, Berkeley 
 developed a homogenous charge compression ignition (HCCI) engine-generator (genset) that efficiently produces 
 electricity from biogas. The design of the HCCI engine-generator set, or “genset,” is based on a combination of 
 spark ignition and compression ignition engine concepts, which enables the use of fuels with very low energy 
 content (such as biogas from digesters) to achieve high thermal efficiency while producing low emissions. Field 
 demonstrations at a dairy south of Sacramento, California show that this low-cost, low-emission energy conversion 
 system can produce up to 100 kilowatts (kW) of electricity while maintaining emission levels that meet the 
 California Air Resources Board’s (ARB) strict regulations (ref. 9). This type of engine is still under development. 


Examples of current projects 


The largest biogas power plant in the world is located in Finland. It has an installed capacity of 140 MW. Fuelled 
 mainly with wood residue from Finland's large forestry sector, the plant is expected to reduce carbon-dioxide 
 emissions by 230,000 tons per year while providing both heating and electricity for Vaasa's approximately 61,000 
 residents. (ref. 11) 


In Vietnam, the use of biogas at large scale to generate power is still difficult. High investment costs of biogas 
 power plants have so far led to a limited deployment in Vietnam. 
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Data sheets 


The follow pages contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 2019. 


Technology  Biogas power plant 


US$2019  2020  2030  2050  Uncertainty (2020)  Uncertainty 


(2050)  Note  Ref 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and 


Storage of Electricity"    


2  ASEAN Centre of Energy (2016). Levelised cost of electricity generation of selected renewable energy technologies in the ASEAN member 


states.    


3  Winrock, 2015, "Buku Panduan Konversi POME Menjadi Biogas, Pengembangan Proyek di Indonesia", USAID – Winrock International.    


4  RENAC, 2014, "Biogas Technology and Biomass, Renewables Academy (RENAC)".  


5  IFC and BMF, 2017, Converting biomass to energy - A guide for developers and investors".      


6  OJK, 2014, "Clean Energy Handbook for Financial Service Institutions", Indonesia Financial Service Authority. 


7  IEA-ETSAP and IRENA, 2015, "Biomass for Heat and Power, Technology Brief".      


8  PKPPIM, 2014, "Analisis biaya dan manfaat pembiayaan investasi limbah menjadi energi melalui kredit program", Center for Climate Change 
 and Multilateral Policy Ministry of Finance Indonesia. 


9  Learning curve approach for the development of financial parameters.      


10  Vuorinen, A., 2008, "Planning of Optimal Power Systems".    


11  Deutsches Institut für Wirtschaftsforschung, On Start-up Costs of Thermal Power Plants in Markets with Increasing Shares of Fluctuating 


Renewables, 2016.    


12  Chazaro Gerbang Internasional, 2004, "Utilization of Biogas Generated from the Anaerobic Treatment of Palm Oil Mills Effluent (POME) as 
 Indigenous Energy Source for Rural Energy Supply and Electrification - A Pre-Feasibility Study Report" 


Notes:     


  A  Uncertainty (Upper/Lower) is estimated as +/- 25%.    
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