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Abstract 

Bioenergy recovery techniques such as anaerobic digestion (AD) can achieve nutrient recovery 
from biowastes for a circular economy. However, despite AD being known to increase nitrogen 
availability in the digestate, it is usually designed without considering the quality of the 
digestates for use as a bio-based fertilizer. Additionally, there is limited information on how 
nutrient availability is affected by different biowaste pre-treatment methods and anaerobic 
digestion operation parameters. Physical destruction of substrates, e.g. by ultrasonication or 
high-voltage (electrokinetic) treatment, may increase the decomposition in AD and influence 
the soil-infiltration properties of the digestate. Biogas plants are often divided into two or 
more digestion steps with a primary digester that is continuously fed followed by secondary 
digesters that can be either continuous or combined post-digestion and storage. This study 
aimed to evaluate the effects of a secondary step with and without electrokinetic or 
ultrasonication pre-treatments on the availability of nitrogen in digestates. 
Pre-digested digestates from two biogas plants with contrasting hydraulic retention times 
(HRT) and different substrates consisting mainly of cattle slurry and grass-silage mixtures were 
utilized. Reactor 1 runs at a short HRT (14 days at 51℃) and Reactor 2 at HRT of 60 days at 
49℃. Each of the two liquid digestates from the primary AD step was treated by either an 
electrokinetic or ultrasonication device at 4.37 kWh/tons and 2.88 kWh/tons intensities. 
Treated or untreated digestates were further digested (secondary AD step) with six 
continuously stirred tank reactors (CSTR) with a working volume of 15 L for 30 days. Weekly 
sub-samples were taken from the reactors to analyze volatile fatty acids (VFA), ammonium 
nitrogen and pH. Additionally, biogas yields were monitored weekly.  
 In April 2021, the substrates, digestates from the primary AD step and those from the 
secondary AD step, both pre-treated and non-treated (Table 1), were applied to established 
winter wheat in micro-plots by surface-banding or applied by injection to a spring barley crop, 
and dry matter yields were compared to plots receiving increasing rates of mineral N fertilizer. 
In addition, a parallel soil incubation experiment was set up to study the effects of the 
secondary AD on N turnover in soil. 

The nitrogen fertilizer replacement value (NFRV) of the digestates were generally higher after 
the secondary digestion step (Table 1). The electrokinetic pre-treatment significantly (p< 0.05) 
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increased the NH4
+-N/N ratio in the pre-treated digestates and resulted in a higher NFRV in 

wheat, but these effects were offset after AD in the secondary step. Ultrasonication pre-
treatment led to a higher NFRV after the secondary AD step. The secondary AD step and HRT 
of digestates significantly (P<0.001) affected NFRV, with digestates from a shorter HRT having 
a higher effect, these positive effects on NFRV corroborated the N mineralization data, where 
a significant increase in net N inorganic N release (%N added) was observed with digestates 
from shorter HRT (Digestate 1+AD). 

Table 1: Chemical properties of the substrates and the digestates after secondary digestion with or without 
treatment by electrokinetic (EK) or ultrasonication (US), their nitrogen fertilizer replacement value (NFRV) in 
winter wheat (based on dry matter yield), and net inorganic N release by incubation in soil. 

Substrates Pre-treatment Secondary 
AD 

NH4
+-N/Ntot C/N ratio NFRV 

(%) 
Net inorganic 
N release (% N 
added) 

Grass silage - - 7 i 25.1 16 -10.8 e 
Cattle slurry  - - 52 e 9.4 21 51.2 c 
Grass silage+ cattle slur - - 41 h 5.8 

 
35.7 d 

Digestate 1 - - 46 g 6.4 55 48.2 c 
Digestate 1 EK - 49 f 6.9 61 - 
Digestate 1 US - 46 g 6.2 57 - 
Digestate 1 - + 62 a 5.9 55 56.3 b 
Digestate 1 EK + 60 ab 5.4 57 - 
Digestate 1 US + 61 a 6.4 63 - 
Digestate 2 - - 52 ef 6.6 36 56.7 a 
Digestate 2 EK - 55 cd 6.5 43 - 
Digestate 2 US - 54 de 7.3 40 - 
Digestate 2 - + 60 ab 6.3 49 61.6 a 
Digestate 2 EK + 57 bc 6.5 58 - 
Digestate 2 US + 60 ab 6.6 65 - 

Treatments not connected by the same letter are significantly different (P<0.05) 
 †Net N=Net inorganic N release (% of N added) after 80 days of incubation 

Pre-treatment methods and optimization of the operation conditions of the digesters may 
improve the fertilizer value of the digestates. The pre-treatment methods seem to contribute 
to increased solubilization and biodegradability of nutrients and increased surface area for 
utilization by microbes in the digester(Sarker et al., 2019). Additionally, modifications of the 
biowastes may improve the N use efficiency either through better infiltration in soil and 
reduced ammonia volatilization after application, as might be the case for the digestates 
treated with ultrasonication.  Secondary AD of digestates, especially from the digesters with 
short HRT, increased their N crop availability.  
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