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Biogas, centralized plants

Technology

Animal manure from a number of farms and organic waste from food processing and other industries are transported to a plant. At the plant, the biomass is treated in an anaerobic process, which generates biogas. The data presented below assume that the biogas is used as fuel in an engine, which produces electricity and heat. However, the gas may also be used as fuel for vehicles. The digested biomass is used as fertiliser in crop production.

Biogas contains 60-70% methane (CH4) and 30-40% carbon dioxide (CO2). With 65% methane, the lower heating value of the gas is 23 MJ/m3.

Technology data

The default plant is a fairly big centralized biogas plant, processing 500 tonnes/day of animal manure and other organic wastes. The capacity of the engine is 2 MW electricity and the electric efficiency is 39%.
Annual full-load duration: 6000 hours/year (ref. 1).

Technical lifetime: 20 years (ref. 1+27).

Investment costs

Specific investment costs (ref. 1):
2010: 4.0 M€/MW.

2025: 3.5 M€/MW.

Installed system cost, 100-200 kW (ref. 27, price level 2003):

2003
4000 USD/kW

2013
3000 USD/kW

Converted to EUR 2006 prices and interpolated:

2010: 
3.2 M€/MW
A recently developed technology
 is reported to cost around 1.8 M€/MW.
Operation and maintenance

Total O&M costs (ref. 1; converted to 2006 price level):

2010: 28 €/MWh

2025: 28 €/MWh

O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed:
2003:
15 USD/MWh

2013:
15 USD/MWh

The total O&M of the above mentioned Gedsted technology is around 33 €/MWh.

Fuel costs

Typically, a biogas plant receives a gate fee for processing some organic wastes, equivalent to a negative fuel price. Other biomass resources are purchased at a positive price. Usually, the income exceeds the expenses. However, it is assumed that the net income is counter-balanced by the fuel handling costs, so that the net fuel price is zero.

Environment

Air-borne pollutants, 2010:

SO2: 
 0.019 g/GJ (ref. 1)
NOx:
    200 g/GJ

Particles (PM 2.5
): 
           g/GJ

It is assumed that NOx emissions are reduced to 100 g/GJ in 2025, due to more strict environmental regulations for gas engines, e.g. by enforcing the use of catalytic NOx reduction.

Climate change

Biogenic emissions of CH4 and N2O occur in stables, during handling, storage and after field application of animal manure. However, RECaBS includes greenhouse gas emissions from the electricity generation phase only. Therefore, N2O emissions are ignored, as they primarily occur in the field.

It is assumed that all the heating value of the biogas originates from CH4. Part of this CH4 would otherwise have been released to the atmosphere, depending on the alternative animal waste management system. As default assumption, 20% of the CH4 otherwise used by the biogas plant for energy production would have been emitted to the atmosphere (see more details in Annex A). 
With a lower heating value of CH4 of 35.9 MJ/m3and a density of 0.67 kg/m3, 1 GJ of CH4 weighs 18.7 kg. As one molecule of CO2 is 2.74 heavier than one molecule of CH4, 18.7 kg CH4 becomes 51.2 kg CO2 after combustion. So, each GJ consumed by the biogas plant results in 51.2 kg CO2.
Alternatively, the liquid/slurry tank would release 20% of 18.7 kg CH4, i.e. 3.73 kg. As the global warming potential of CH4 is 21 times that of CO2, 3.73 kg CH4 ventilated directly into the atmosphere is equivalent to 78.4 kg CO2.
Thus, the difference between ventilation and combustion is 27.2 kg of CO2-equivalent per GJ, rounded to 27 kg/GJ. This is a climate change benefit of the biogas plant, and it therefore appears as a negative cost in the REcalculator.
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Annex A: Reduction of methane emissions through anaerobic digestion of animal manure
For farms with livestock populations living under confined conditions, there are several alternative systems for manure management, e.g.: 

· Solid storage; dung and urine are excreted in a stall.

· Liquid/slurry; dung and urine are collected and transported in liquid state to large concrete lined tanks for storage. Manure is stored in the tanks for six or more months, before it is applied to fields.
· Anaerobic digestion in closed tank systems (biogas).

· Anaerobic lagoon systems.

· Pit storage below animal confinements.

· Dry lot, in dry climates animals may be kept on unpaved feedlots, where the manure is allowed to dry until it is periodically removed.

· Composting.

In the below calculation, the liquid/slurry tank is used as reference (baseline) for estimating the emission reduction from biogas production.

Anaerobic digestion of liquid manure (slurry) reduces the emission of methane due to the removal of volatile solids (VS). 

Methane emission factors from manure management can be estimated as follows (IPPC Reference Manual
): 

EF = VS × Bo × 0.67  × MCF 

where
EF     = 
emission factor (kg CH4)

VS    = 
content of volatile solids (kg) of the manure

Bo     = 
maximum methane production capacity for the particular type of manure (m3 CH4 per kg VS).
MCF = 
methane conversion factor for the manure management system
The factor 0.67 is the density of methane in kg/m3.
According to IPCC, the maximum methane production capacity (Bo) in developed countries is:

Dairy cattle: 
0.24 m3 CH4 per kg VS

Non-diary cattle: 
0.17 m3 CH4 per kg VS

Swine: 
0.45 m3 CH4 per kg VS

IPCC recommends the following default MCF values for slurry tanks:

10 % in cool climates; average temperature below 15 oC

35 % in temperate climates; average temperature 15 - 25 oC

65 % in warm climates; average temperature above 25 oC

As an example, 1 kg of swine manure would, in cool climates, produce:
VS × Bo × 0.67  × MCF = 1 kg × 0.45 m3 CH4 per kg × 0.67 kg/m3 × 0.10 = 0.03015 kg CH4.

A Danish investigation
 has measured the CH4 emissions under two different circumstances, where the slurry is left untreated in covered storage tanks, and with existing biogas production technology:
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For untreated storage the Danish figure is 22 % higher than the IPCC derived figure. For reasons of conservativeness, RECaBS uses the IPCC figures.
For biogas plants, IPCC default values are quite uncertain, and RECaBS therefore relies on the Danish measured figures.

According to the Danish measurements, a modern biogas digestor will convert 0.605 kg of VS per kg of swine VS fed to the digester. The methane production thus is:

VS × Bo × 0.67  = 0.605 kg × 0.45 m3 CH4 per kg × 0.67 kg/m3 = 0.1825 kg CH4. 
As 0.0157 kg CH4 is emitted to the atmosphere, the remaining 0.1668 kg CH4 is available for energy production. So, for every kg of CH4 used for energy purposes, the biogas plant will emit 0.0940 kg CH4. 

If the same amount of VS (1/0.1825 = 5.5 kg) was stored in slurry tanks, the emission would be  
0.03015 × 5.5 = 0.1808 kg CH4. So, for every kg of CH4 used for energy purposes, the emission reduction will be 0.1808 – 0.0940 = 0.0867 kg CH4, or 8.7 %. 

The emission reduction for anaerobic digested cattle manure can be calculated similarly:
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Assuming a 50-50 mixture of swine and cattle manure and a climate in-between cool and temperate (e.g. Central-Southern Europe), the emission reduction would be around 20%. This is used as RECaBS default value.
� A Danish technology (Gedsted), reported by the Danish Energy Authority, personal communication, June 2007.


� Measurements on large operating biogas plants in Denmark: 500 – 650 mg/m3. Source: Danish Energy Authority, personal communication, June 2007.


� Particles less than 2.5 micrometers in size.


� International Panel for Climate Change (IPCC): Reference Manual, 1996, page 4.24.


� "Reduction of greenhouse gas emissions from animal manure and organic waste by anaerobic digestion", Danish Agricultural Research (DJF), report no. 31, July 2001. The report is in Danish, with a 3 page English summary.
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