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Abstract  
Anaerobic digestion (AD) leads to changes in the composition of animal manures, which are 
relevant for manure carbon and nitrogen turnover after field application. Already in the mid-eighties  
and in recent years an increasing number of experiments were carried out to assess the effects of 
digestate application on  emissions. AD leads to a higher pH and ammonium content in digestates, 
which counteracts the effects of the decreased viscosity on ammonia volatilization, due to the lower 
dry matter content.  Most studies indicated a high potential for N2O emissions during handling of 
digestates, however lower soil N2O emissions after field application can be expected due to the lower 
biodegradability of digestates.  
 
Introduction  
Anaerobic digestion (AD) for biogas production leads to several changes in the composition of the 
resulting digestates compared to the original feedstock (ammonium content, pH, carbon to nitrogen 
ratio, etc.), which are potentially relevant for gaseous emissions of ammonia and for other N species. 
This review discusses the current state of knowledge on the effects of AD on organic compounds in 
digestates and the most important processes influencing N emissions in the field.  
 
Material and Methods 
A compilation of the available information and data on the effects of AD on manure characteristics 
and fertilizer effects from laboratory and field trials was carried out, including publications in peer-
reviewed journals as well as in “grey literature”.  
 
Results  
Impact of AD on ammonia volatilization from field applied manures 
From German research of the eighties it is known, that digestates (biogas slurry digestate from mono-
digestion of manure) show higher ammonium (NH4

+):total nitrogen (N) ratios, decreased organic 
matter contents, decreased total and organic carbon contents, reduced biological oxygen demands, 
elevated pH values, smaller carbon to nitrogen ratios, and reduced viscosities than undigested animal 
manures [1] [2] [3]. It is further known, that the release of ammonia from manure and is not 
significantly different. Two research groups determined for cattle biogas slurry slightly higher losses 
after fermentation (29% instead of 24% and 37% instead of 33% NH3-N losses relative to the applied 
TAN), in a further experiment something higher losses in the raw slurry. The tests for swine manure 
rendered in any case lower release rates in the biogas slurry. Due to the higher pH of the biogas slurry 
changed kinetics so that the release was increased shortly after application of fermented manure 
compared to the raw slurry. Due to the more fluid consistency and therefore more rapid and deeper 
infiltration into the soil, the cumulative NH3 emission rates were somewhat lower [1] [2] [3].   
Contradictory results regarding the effects of AD on ammonia volatilization have been reported later 
in literature:  Some researchers report a decrease of ammonia losses after AD of animal manures, 
others report an increase of losses, and others did not found any effect or ambiguous effects (Table 1). 
Other research groups compared volatilization after spreading of undigested slurry and a digestate 
derived from slurry plus other feedstocks[4] [5], an approach which did not allow for the assessment 
of the effect of AD on NH3 volatilization itself. In two of the cited publications digestates were used 
which lost considerable amounts of N during AD or the following manure storage, a situation which 
does not match current state of the art, and probably reduced the NH3-losses after digestate field 
spreading. From the cited investigations it became obvious that the higher pH and ammonia content in 
digestates counteracts the effects of the decreased viscosity.  



Reliable NH3 emission estimates could potentially be derived from mathematical models based on the 
physico-chemical processes controlling NH3 volatilization from manures and their interactions with 
soil, canopy and atmospheric variables.  Gericke et al. [6] modeled ammonia volatilization after 
digestate field application using a linear model. According to their model, a change of the temperature 
by +1 K or of the pH by +0.1 pH units ammonia volatilization will increase by about 1% or 1.6% of 
the total applied NH4

+-N, respectively. However, the increasing dissociation of NH4 + to NH3 (H3O
+ + 

NH3 ↔ H2O + NH4
+) with increasing pH is an exponential function, and the acid dissociation constant 

(pKa) of NH4
+/ NH3 is 9.25. The pH range considered in their measurements ranged between 6.9 and 

7.7 and total ammonium- N ranged between 1.75 and 2.72 kg NH4
+-N Mg-1 [6]. Digestates can have 

considerable higher NH4
+-N concentrations of up to 6.8 kg Mg-1 and pH values up to 9 [7]. Therefore, 

the model of Gericke et al. (2012) is an approach to assess ammonia losses in a pH range of most 
digestates available in practice (e.g. with cattle slurry or silage maize as feedstocks), but it is probably 
not able to assess NH3-losses from digestates with very high NH4

+-N concentrations, which are 
simultaneously characterized by very high pH values (e.g. digestates from poultry or/and pig manures, 
cereal grains, kitchen wastes and other digestates derived from N rich feedstocks with a high bio-
degradability). The combination of both characteristics strongly increases the potential for ammonia 
losses. There are only very few publication available about the combination of AD with other 
treatments (separation, acidification, flocculation, etc.) on ammonia volatilization after field 
application.  
 
Table 1: Effects of AD on ammonia N losses after surface application of digestates [4] [5] [9] [10] 
[11] [12] [13]   

 
 
Impact of anaerobic digestion on N2O emissions from field applied manures   
Due to the decomposition of the easily degradable C compounds during AD, the viscosity of manures 
becomes lower and the amounts of easily degradable C added to the soil decreased considerably. 
Consequently, less anoxic microsites, favorable for denitrifying activities, might emerge and it can be 
assumed that AD will reduce N2O emissions after manure field spreading. Another hypothesis is that 
treatment technologies reducing the viscosity (e.g. due to degradation of organic matter) have the 
potential to reduce N2O emissions, as dissolved C and N are dispersed into a larger soil volume, 
changing the balance between aerobic and anaerobic decomposition [13]. Most of the available studies 
confirmed lower N2O emissions after digestate application in comparison to undigested feedstocks. 
However, there are also some contradictory results. A negative relationship was found [14] between 
soil respiration and the N2O molar ratio, demonstrating that C availability in soil promotes the 
reduction of N2O to N2. This is in line with a conceptual model by [15] which considers the ratio 
between O2 supply and O2 consumption as the main driving variable for changing N2/N2O -ratios. 
Therefore, effects of a manure treatment, that affects its biological and chemical oxygen demand, as 
manure separation or AD, will depend on soil conditions at the time of application. In a relatively dry 
or inactive soil an increase of the N2O fluxes can be expected by a slurry treatment such as AD, 
whereas a net decrease would result if the treated manure is applied to a soil where conditions are 
already conducive to denitrification, leading to an enhanced N2O reduction to N2 (and thus to a higher 



N2/N2O ratio). Furthermore, some of the results published indicate an interaction of the effects of AD 
with soil properties (table 2).  
 
From a methodological point of view it must be highlighted that most of the available studies 
measured N2O emissions for a relatively short period after manure application and showed that N2O 
emission was highly variable, whole year inventories are rare. Whole year inventories indicated that 
most soil N2O fluxes occurred within 20-40 d of treatment application [16] [17] [18]. For an 
assessment of system change related effects whole year inventories are mandatory. Some studies 
compared AD treated materials with the raw undigested feedstock but they also introduced further 
variations into the experimental design (e.g. addition of further feedstocks to the manure for AD, 
separation before or after AD, etc.), which did not allow for the assessment of the effect of AD itself. 
 
Table 2: Overview of the experiments about the effects of AD on soil N2O emissions [14] [15] [16] 
[17] [18] [19] [20] [21] [22] [23]   

 
 
Conclusions   
Increased NH4

+-N content in digested slurries compared to undigested slurries and increased pH 
values do not necessarily lead to higher ammonia emissions. The pattern of ammonia losses however 
is different, indicating higher loss rates after spreading compared to slurries. Since the losses often 
exceed 30 % of the applied ammonium-N, generally emission abatement measures has to be taken in 
to account. Below ground injected digestates show lower ammonia, but increased denitrification 
losses. The extent of N2O-losses is variable and needs further to be analysed by research work.  
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