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Anaerobic digestion is a process in which microorganisms degrade organic material, such
as dairy manure, in the absence of oxygen to produce biogas and digestate. Biogas is composed mostly of methane, which is the main constituent of natural gas (Table 1). Digestate is
the degraded organic material that exits the digester after the digestion process. Digestate
contains nutrients that can be used as an organic fertilizer. Although many of the nutrients
change form, the total amount of nutrients remains nearly constant (<1% of nitrogen is lost
in biogas). Anaerobic digestion produces renewTable 1. Biogas composition
able energy while also reducing odors, pathogens,
antibiotics, and greenhouse gas emissions.
Gas
Content
As of 2015, there were 260 agricultural-based
anaerobic digesters in the U.S., with 206 of them
located on dairy farms (AgSTAR 2016). Wisconsin
and New York have the most agricultural anaerobic
digesters of any state, with 39 in Wisconsin and
34 in New York. There are many digester designs,
however the four most common agricultural
digester designs are complete mixed, mixed plugflow, horizontal plug-flow, and covered lagoons
(Figure 1). Regardless of the design, the microbial
processes are the same. Extensive information
and resources on agriculturally-based anaerobic
digestion systems can be found at the AgSTAR
project, a cooperative effort among the U.S.
Department of Agriculture, the U.S. Department
of Energy and the EPA to promote biogas
projects in the U.S. (AgSTAR 2016).

Methane (CH4)

50-80%1

Carbon dioxide (CO2)

20-50%

Hydrogen sulfide (H2S)

<1%

Trace elements2

<1%

1Ileleji et al. (2008)
2Including nitrogen (N2), ammonia (NH4), and
hydrogen (H2)
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Inputs for Anaerobic Digestion
Inputs, or feedstocks, for digesters include animal
manure, crops and grasses, fats and oils, food
waste, and sewage, among others. Despite its
low biogas potential when compared to other
organic materials (Figure 2), manure is a preferred
feedstock in agricultural digestion systems in
the U.S. due to its continuous availability in one
location, its capacity to resist changes in pH, and
its relatively easy integration into existing manure
management systems. On average, dairy manure
produces approximately 0.023 m3 of methane per
kg (0.37 ft3 per lb) of manure on a wet basis, or
0.19 m3 of methane per kg (3.04 ft3 per lb) of
manure on a dry basis. These figures are highly
variable depending upon the manure characteristics (Moody et al. 2011). Many farms will incorporate other organic wastes with their manure,

b

c
Figure 1. Types of anaerobic digesters:
a) plug-flow b) complete mixed, and c)
covered lagoon
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Figure 2. Methane yield per kilogram of dry material of some common organic inputs to produce energy through anaerobic
digestion (Source: Table 5 in Moody et al. 2011 and Tables 1, 2, 3, and 4 in Appels et al. 2011)

known as co-digestion, to increase biogas production. This
includes addition of on-farm by-products, such as milk house
waste or spoiled silage, as well as by-products transported
from other locations off the farm, such as food waste.

The Anaerobic Digestion Process
The digestion process on a dairy farm starts with the daily
collection and transport of manure to the digester where
it typically resides for 5 to 28 days depending on the
temperature inside the digester (Figure 3). If straw or other
organic bedding is used in the barns, it is common that some
bedding material is collected and digested along with the
manure. However, if sand is used as bedding, a sand separation process to remove the sand prior to the manure entering
the digester is necessary to prevent buildup in the digester.
Manure is transported into the digester multiple times per
day to minimize the holding period, as manure immediately
begins to break down, reducing the biogas production in the
digester. For digesters that operate at thermophilic temperatures (41-57 °C) the time required for digestion will be much
shorter compared to those at mesophilic temperatures (18-40
°C). Thermophilic systems can reduce the time needed for digestion, thereby reducing digester size, but they also require
more energy to maintain the high temperatures and can
require more management as the systems can be less stable
than mesophilic systems. Thus, the majority of the anaerobic
digesters in the U.S. operate in the mesophilic range (AgSTAR

2016). Biogas is produced continuously during the digestion
process and either immediately converted to energy or
stored for later conversion.

Outputs of Anaerobic Digestion
Biogas can be captured and burned to produce heat and
generate electricity, cleaned and injected into the natural
gas grid, or cleaned and compressed to be used as a transportation fuel. Despite its numerous potential uses, biogas
is commonly used to generate electricity for the grid. Table 2
shows estimated energy values of methane and biogas when
processed in a generator to produce electricity. On average,
it is estimated that one cow provides 0.14 kW of energy
(AgSTAR 2004).
Digestate is most commonly land-applied for fertilizer. Nearly
all dairy digestion systems adopt solid-liquid separation
systems, which add value and flexibility to manage the digestate. The liquid fraction is generally land-applied as organic
fertilizer, and the solid fraction is commonly land-applied
on-farm, sold to other farms as fertilizer or soil amendment,
or used as bedding for cows given that the majority of the
pathogens are killed in the digestion process (Burkholder
et al. 2007). The digestion process increases conversion of
nitrogen from organic forms into inorganic forms (i.e. nitrate
and ammonium), which increases the amount of plantavailable nutrients and increases the relative fertilizer value
of the manure.
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Table 2. Energy values of biogas and methane
Description

Unit

Energy value
MJ

kWh

Biogas

1 m3

211

5.81

Methane

1 m3

35

9.7

Electricity

1 m3 of methane

9.4

2.62

Heat

1 m3 of methane

13.3

3.73

1Depends on the CH4 content in biogas, assumed to be 60% CH4
2Assuming a 30% generator electric efficiency and 10% downtime
3Assuming 50% generator heat efficiency, 85% heat exchanger efficiency,
and 10% downtime

Effects of Anaerobic Digestion on Greenhouse
Gas and Ammonia Emissions
Methane is a fuel, but it's also a potent greenhouse gas.
Digestion can reduce the impact to climate change by capturing methane produced from manure that would otherwise
be lost to the atmosphere. The reduction to global warming
potential occurs when the methane is converted to carbon
dioxide when combusted; a molecule of carbon dioxide has
a 28 times lower global warming potential than a molecule
of methane (Myhre 2013).Greenhouse gas emissions from
manure storage, handling, and processing can be reduced
by more than 50% when integrating an anaerobic digester
(Aguirre-Villegas et al. 2014). This reduction is mostly a result
of the digestate emitting less methane during storage after
digestion when compared to undigested manure. The majority of the volatile compounds (i.e. the carbon compounds that

are easily degraded by microorganisms) responsible for those
emissions are decomposed during anaerobic digestion. If
not digested, these volatile compounds decompose during
storage and emit methane directly to the atmosphere.
In addition, by producing renewable energy on farm,
the digestion system can replace fossil fuel use from grid
electricity that is produced from nonrenewable sources such
as coal. According to a life cycle assessment study, overall
greenhouse gas emissions from the entire dairy farm can
be reduced by 35% when biogas-based electricity replaces
grid-based electricity (Aguirre-Villegas et al. 2015).
One drawback of anaerobic digestion is the potential
increase in ammonia emissions. The digestion process makes
nitrogen more available to crops, but also more prone to
volatilization (gas lost as ammonia). This could result in an
increase in ammonia emissions from uncovered manure pits
or from soils if not incorporated when applied (Chadwick
et al. 2011). To avoid these losses, it is important to couple
digestion systems with management practices that minimize
ammonia losses such as manure storage covers and injection
during land application.
Other benefits from using anaerobic digesters to process
manure include reducing odor, pathogens, and antibiotics.
The digestion process can convert many compounds that
cause odor found in manure, and it can inactivate pathogens
and degrade antibiotics when they are exposed to the high
operating temperatures and anaerobic conditions in the
digester.
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Figure 3. Scheme of the anaerobic digestion process and its potential products. Solid lines represent most common practices.
Dotted lines represent alternative options for biogas and digestate processing and use.
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Summary
Anaerobic digestion is a technology that provides many
economic, agronomic, and environmental benefits when
installed at a livestock facility. The degradation of the
compounds responsible for methane emissions in the
digester reduces methane emissions from digestate during
storage when compared to systems without a digester. The
production of biogas-based electricity can replace the use
of fossil-based grid electricity, further reducing greenhouse
gas emissions. In addition, the high operating temperatures
in the digester can reduce odor, pathogens, and antibiotics
contained in the manure. Despite its multiple benefits, the
adoption of digestion systems is still limited by high investment and operating costs. Strategies that reduce costs and
increase potential revenues and profitability are needed to
promote the adoption of these systems by dairy farmers.
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