
Biogas

What is it? 

Biogas is a gas released from decomposition of organic matter 
(such as livestock dung) in a situation where air is excluded 
(such as effluent ponds or tanks).  It is typically around two 
thirds methane, the remainder being mostly carbon dioxide with 
trace amounts of hydrogen sulphide and other compounds. It 
is possible to capture it for use on farms to produce thermal 
energy or electricity, as well as to replace liquid fuels such as 
diesel.

How does capturing biogas reduce greenhouse 
gas emissions? 

Anaerobic decomposition of 1 tonne (dry weight) of animal 
dung could result in greenhouse gas emissions of around 0.5T 
CO2-e. If animal dung is left to decompose under aerobic 
conditions in pastures, this can result in emissions of carbon 
dioxide as well nitrous oxide. However, there are various ways of 
reducing these pasture-based emissions.

The most significant emissions reduction from biogas capture 
is achieved from intensive livestock production in largely 
housed conditions. In Australia, this applies mainly to intensive 
piggeries and poultry production. There is far less benefit for 
pasture-based livestock farming systems - as an example, the 
potential greenhouse gas emissions from an effluent pond in a 
pasture fed dairy farm might only represent around 0.1% of farm 
emissions, even if all the potential biogas was collected from 
effluent ponds.

Emissions can be reduced by either capturing the biogas for 
productive use, or if this is not a useful possibility, by flaring it. 
However, a more cost-effective measure for reducing emissions 
is to filter out the solids before the effluent enters the ponds, 
removing these for aerobic composting rather than producing 
biogas.

Some additional emissions reduction can be achieved through 
use of digestate (the residue solids after anaerobic digestion) 
as a soil additive to replace synthetic fertilisers. Taking the 
dairy farm example above, biogas production from typical farm 
effluent ponds might produce around 10 tonnes of digestate per 
year, reducing the emissions from synthetic fertilisers by around 
100 tonnes CO2-e. However it is also possible to produce this 
outcome through composting filtered or dredged solids. 

What are the co-benefits?

Use of digestate is a co-benefit, as it is a valuable soil additive, 
with high mineral and organic matter content. Nitrogen, 
phosphorus and potassium is retained after anaerobic 
decomposition, and the percentage of readily available nitrogen 
may actually be increased. A process of aerating the digestate 
to introduce aerobic bacteria (as anaerobic bacteria will perish 
on exposure to air) will increase its value. Application of more 
readily available nitrogen and phosphorus to soils in the form 
of digestate is also likely to reduce nutrient leaching from 
soils receiving synthetic fertilisers (the latter is a significant 
contributor to watercourse pollution).

A further co-benefit, of particular significance for intensive 
indoor livestock farming operations, is reduced odour. This can 
provide health benefits of livestock and workers, and alleviate 
nuisance to neighbours.

How cost effective is it to capture and use  
farm biogas? 

Biogas can be captured from an effluent pond by covering it 
with a gas-tight cover, and then directing the gas to productive 
use or flaring it. However, covering an existing lagoon can be 
problematic (see pitfalls) even if the biogas is flared rather 
than collected, and constructing purpose-built systems can be 
expensive. 

An alternative to a lagoon covered system is to use tanks, but 
while this offers some advantages in maintaining optimum 
conditions for gas capture, this involves greater cost. Past 
experience suggests that neither covered lagoons nor tank 
based systems are cost effective, except for very large systems, 
such as large piggeries or poultry houses. 

The way in which biogas is used can affect the cost-
effectiveness of the system. Using it in producing thermal 
energy is much more effective than converting it to electricity, 
but most devices using biogas require scrubbing to remove 
particles and corrosive substances, and possibly compression 
of the gas as it is being captured. Heat exchangers using 
copper alloys are particularly susceptible to corrosion. Some 
thermal devices such as refrigerators are specially fitted for use 
of biogas but these are not readily available in Australia. Any 
equipment using gas is subject to safety regulations and they 
should also be rated for the intended use.



The alternative is far less energy efficient (possibly half the 
energy equivalent of thermal energy), and requires the use of 
biogas as fuel for specially designed generators so that it is 
converted to electricity. For very large livestock enterprises able 
to use a combination of electricity and thermal energy to reduce 
their electricity costs, such as large piggeries, a payback period 
as low as 2 years has been estimated in some circumstances.

The return on investment will be affected by prevalent energy 
prices, but also needs to be compared with the returns from 
alternative renewable power investments, such as solar 
photovoltaic panels, which may involve fewer operational risks.

A pilot project established at the DemoDAIRY in southwest 
Victoria found that the payback period for capital invested in 
covering the lagoon and flaring the gas was around 15 years if it 
was converted to electricity, but this was reduced to around 8 
years if it was used as thermal energy source. 

A covered lagoon system was introduced at the Bears Lagoon 
Piggery in northern Victoria, and monitored over a period 
of 12 months. Biogas was used for production of electricity, 
which varied seasonally but averaged at 0.009kW per grower 
pig. Achieving this level of production required considerable 
adjustment of the equipment to resolve operational challenges.  
Initial use of pre-treatment screening to prevent crusting was 
found necessary but this resulted in 40% less power generation.   

Use of biogas for heating poultry sheds has been shown 
to result in a payback period of 5-8 years in poultry meat 
enterprises (taking into account reduced fees for waste 
management). The return on investment for a 500,000 bird 
batch system was found to be much better than that for a 
200,000 bird batch system. The payback period compared with 
6 years for gasification of wastes, 3-6 years for generating solar 
energy and 15 years for use of energy stored in batteries. 

A factor affecting the cost-effectiveness of biogas generation 
is that each system needs careful design for the particular 
farm application, requiring customisation rather than use of 
equipment off-the-shelf, and some adjustments to fine tune 
operations. This can involve considerable expense on design 
fees. 



What are the available technologies? 

There are two technologies that have been applied in Australia.

Covered Anaerobic Ponds (CAPs) involve covering the lagoon 
in a way that prevents ponding of rainwater on top, and 
embedding the edges of a cover into the embankment of the 
lagoon so that it is sealed against gas leakage. Emergency gas 
vents may be required so that the gas can be released if it is 
not used or stored quickly enough. This may be an appropriate 
technology to consider if:

•	 the lagoon is structurally sound

•	 lagoon depth is at least 4m

•	 the lagoon has a volume that allows a digestion time of 
between 30 and 60 days

•	 the embankment is wide enough for construction of a 
stable fixing trench

•	 surface crusting is controlled, possibly through screening 
out solid content in the incoming material (though this 
reduces biogas production), or by installing a paddle 
agitator 

•	 desludging the lagoon should be carried out as necessary 
to prevent the accumulation of settled solids reducing the 
performance of the lagoon. 

Completely Stirred Tank Digesters (CSTDs) are specially 
constructed tanks that are designed for efficient biogas 
collection, with improved control of the operating conditions 
(temperature, acidity, etc.). They are generally more expensive 
and require more maintenance than CAP systems. There is 
limited evidence of their application in Australia, largely in 
relation to piggeries or combined use of piggery and dairy 
wastes. Some configurations have used cement trenching 
(which may be 15m wide x 2m deep) or sealed shipping 
containers. Most applications appear to have been heavily 
subsidised by grants as pilot projects.

There are some small scale solutions that are being developed 
which may offer possibilities for Australian farm application in 
due course. Larger scale solutions can be improved by heating 
effluent in winter, and selling gas offsite for upgrading to 
biomethane (pipeline quality natural gas).

In the USA, there have been significant financial incentives 
offered to dairy farmers to establish biogas capture, as part of 
the broader emissions reduction strategy. However, these are 
much larger operations than those found in Australia, based 
on housed conditions for cattle which enable capture of much 
more of the excrement. 

What are the potential pitfalls?

The potential risks and pitfalls of biogas digesters include:

•	 rainwater ponding on a lagoon cover

•	 gas leakages contaminating groundwater 

•	 reduced biogas yield over winter reducing the year-round 
benefits 

•	 the need to size biogas equipment for lowest predicted gas 
flow rates

•	 potential for spring start up acid shocks

•	 damage to lagoon covers if they have to be removed for 
surface crust removal or desludging

•	 potential corrosion of equipment using biogas as a fuel

•	 need for ventilation of buildings where there may be gas 
leakage

•	 safety provision for electrical appliances in case of gas 
leakage

•	 problems after initial set up which may necessitate costly 
design corrections.

The DemoDAIRY pilot conducted in southwest Victoria (a dairy 
farm with around 200 milkers) initially used a ‘Do It Yourself’ 
cover design. This proved unsuccessful and it had to be 
replaced. Blowers were not installed, so gas extraction relied 
on the build up of pressure under the cover, which limited the 
recovery rate. The results indicated that the covered lagoon 
system would require considerable financial subsidy to be cost 
effective.

A demonstration lagoon covered system on the Leslie Farm in 
Victoria (a  dairy farm with 300 milkers and a large concrete 
feed pad area) failed due to insufficient depth and volume, and 
significant surface crusting problems. It was concluded that 
performance improvements would require deepening and lining 
the lagoon, and screening the incoming effluent, with costs that 
appeared prohibitive. 
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