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Abstract 

Anaerobic digestion (AD) is a green technology used to recover energy (CH4) from the organic fraction of municipal 

solid waste (OFMSW). However, when protein-rich organic wastes are used as feedstocks, they could lead to ammonia 

inhibition and low methane yields. In the present study, the ability of mesophilic continuous stirred tank reactors (CSTR), 

fed only with the OFMSW, to acclimatize to extremely high total ammonia (TAN) levels (from 1.2 to 9.5 g NH4
+-N/L) 

was assessed and the changes of their corresponding microbiomes were monitored. The results showed that the stepwise 

acclimatization was successful up to 8.5 g NH4
+-N/L; where the methane production fluctuated less than 10% compared 

to the initial (no ammonia addition) reactors' methane production. Microbiological analyses showed that Methanosarcina 

spp. were the dominant methanogens under the extreme ammonia levels with 650 fold increase to its relative abundance. 

These results demonstrated that aceticlastic methanogenic consortia, in CSTR reactors fed solely with OFMSW, could be 

acclimatized to extreme ammonia levels. 
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Introduction 

The generation of municipal solid waste (MSW) in European Union (EU) is more than 480 

kg/capita/year. Most of the MSW is treated using one of four ways: a) landfilling (24%), b) 

incineration (28%), c) composting (16%) and d) recycling (29%) (Eurostat, 2018). Since there is the 

target of 50% recycling by 2020 (European Union, 2008), it is necessary to develop new methods to 

further utilize the available MSW. Anaerobic digestion (AD) converts the organic fraction of MSW 

(OFMSW) into energy (Ge et al., 2014). However, ammonia, which is mostly produced by the 

hydrolysis of protein-rich from OFMSW, can strongly inhibit the AD process (De Vrieze et al., 2015). 

Akindele and Sartaj (2018) have reported that mesophilic methanogenic consortia digesting synthetic 

OFMSW acclimatized through a stepwise process to ammonia levels of up to 5.0 g NH4
+-N/L. 

However, there is scarce research focusing on the ability of continuous stirred tank reactors (CSTR), 

fed with OFMSW, to acclimatize to extremely high total ammonia (TAN) levels (above 7 g NH4
+-

N/L), and on the corresponding changes of their microbiomes. Thus, the aim of the present study was 

to investigate the operational performance of CSTR reactors acclimatized to extreme ammonia levels 

while fed only with OFMSW, and their corresponding microbial community response.  

  



Material and Methods 

Inoculum and feedstock 

The mesophilic inoculum originated from three CSTR reactors that fed with OFMSW. The substrate 

was OFMSW treated with the biopulping process (Khoshnevisan et al., 2018).  

Experimental setup 

Two CSTR reactors (R1 and R2), were operated at mesophilic conditions (37°C) with hydraulic 

retention time of 20 days and organic loading rate of 2.5 g VS/L day. The total and working volume 

of the reactors were 4.5 and 3 L, respectively. The TAN of the feedstock and the reactors' content 

were increased stepwise from 1.2 to 9.5 g NH4
+-N/L (Phases 1-7, Table 1). Urea and ammonium 

chloride were used as ammonia sources and P1 was used as the baseline phase (no ammonia addition).  

Table 1.1 Characteristics of the inoculum and the substrate 

 P1 P2 P3 P4 P5 P6 P7 

Days 0-33 34-54 55-69 70-77 78-92 93-101 102-150 

TAN (g NH+
4-N/L) 1.2 4 5 6 7 8.5 9.5 

Urea (g NH+
4-N/L) 0 1 2.0 2.0 3.0 4.0 4.5 

Ammonium chloride (g NH+
4-N/L) 0 1.9 1.9 2.9 2.9 3.4 3.9 

Analyses and statistics 

Total solids (TS), volatile solids (VS) and TAN were analyzed according to APHA (2005); Gas-

chromatographs TRACE 1300 and Trace 1310 GC-TCD, were used to determine volatile fatty acids 

(VFA) and methane content, respectively. Microbial community were analyzed with 16S rRNA gene 

technique (Tian et al., 2018). 

Results and Conclusions 

The R1 was under steady state with less than 10% methane yield variation of 369±40 mL CH4/g VS 

throughout the ammonia increasing process (Fig.1.1a). R2 showed a similar stable performance with 

methane yields of 317±50 mL CH4/g VS up to P5, and then (P6-7) the production dropped 

significantly (p<0.05) compared to the previous periods. The results clearly indicated that no strong 

ammonia inhibition was observed at extremely high ammonia levels (8.5 g NH4
+-N/L). The VFA 

started to accumulate (Fig. 1.1b) in both reactors at P2 and then recovered before P6 due to the 

acclimatization of the microbiome to these extreme ammonia levels (Tian et al., 2018). At ammonia 

levels above 8.5 g NH4
+-N/L, the VFA exceeded the 4000 mg/HAc L, which indicated an AD process 

inhibition that coincided with the methane production for both reactors. Hence, it was clear that the 

adaptation process to high ammonia levels allowed both reactors to digest efficiently OFMSW under 

extreme ammonia levels (8.5g NH4
+-N/L). 



 

Figure 1.1 a) Methane yield and TAN change, b) VFA and pH variation throughout the experimental period. 

The microbial diversity was increased alongside the TAN levels and then decreased significantly 

when TAN exceeded 8.5 g NH4
+-N/L (Fig. 1.2a). This indicated that only part of the microbiome 

survived under the extreme ammonia levels and thus more tolerant and specialised ammonia 

inhibition consortia were formed. A dramatic change in the communities' abundance, compared to 

the initial community (i.e. dominated by Methanosaeta spp.), was occurred during the increasing 

ammonia levels. Methanosarcina spp. were the most dominant methanogens at 8.5 and 9.5 g NH4
+-

N, which could have contributed to the good AD process performance. Thus, the overall microbiome 

survived by becoming more specialized and less diverse alongside the stepwise acclimatization 

process. 

 

Figure 1.2 a) Alpha diversity and b) Archaea-Genus level at different experimental periods. 
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