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Abstract- Anaerobic digestion of cattle manure (CM) as single substrate and the co-digestion with sewage sludge 
wastewater (SSW) was conducted at mesophilic temperature (35ºC) to investigate the feasibility of the co-digestion process. 
The anaerobic co-digestion of CM with SSW provided a higher removal efficiency in terms of total COD (60%) when 
compared to anaerobic digestion of CM or SSW. However, the high values of the ratio tCOD/TKN suggest that the C/N ratio 
may not be proper for the biomethanation process. The organic matter biodegradation rate observed for co-digestion of SSW 
and CM was 0.13±0.02gO2 gVSS-1  d-1, higher than single-digestions of CM and SSW. The results obtained suggest that 
anaerobic co-digestion of cattle manure and sewage sludge, at mesophilic condition (35ºC), is a viable solution in terms of 
increased biodegradability of substrates, seeking higher quality and quantity of biogas produced. 
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I. INTRODUCTION 
 
Energy recovery from livestock and agro-industrial 
organic wastes and wastewaters using anaerobic 
biological processes, also known as anaerobic 
digestion (AD) or biomethanation (1) has a well-
known potential, not only to overcome negative 
environmental impacts associated with livestock (2) 
and agro-industrial effluents (3), but also to move 
forward towards a sustainable use of endogenous 
resources and an energy supply security.  Anaerobic 
digestion can be applied at different scales and 
dimensions, and should consider substrate types and 
social-industrial exploitation models.  Agro-industrial 
wastes and wastewaters, specifically animal residues, 
have a high pollution potential.  Intensive dairy 
farming produces large amounts of cow manure (CM) 
which can cause severe environmental problems due 
to its high organic matter, nitrogen and phosphorous 
concentration, such as eutrophication of water 
resources (4), air pollution due to volatilization of 
ammonia and other compounds (5) and soil 
degradation when  manure is applied in excess (6). 
The more widespread application of AD is the 
treatment of sewage sludge wastewater (SSW). This 
substrate is characterized by relatively low C/N ratio 
and high buffer capacity (7). The co-digestion of this 
substrate can lead to dilution of some undesired 
compounds such as  heavy metals, pharmaceuticals 
and/or pathogens (8). Moreover, in addition to 
concerns about global warming, it is very common to 
find anaerobic municipal wastewater treatment plants 
in periodic idle mode because of an overdesigned 
capacity. Consequently, several challenges should be 
addressed for a proper management of such waste and 
wastewater, concerning namely the location of 
wastewater treatment plants, substrate integration and 
links among production systems, power distribution 
and other existing waste and wastewater treatment 
systems (9). Anaerobic digestion is a complex 

bioprocess that includes four main steps: hydrolysis, 
acidogenesis, acetogenesis and methanogenesis. In 
each one, substrates undergo successive chemical 
reactions, until the last process when carbon dioxide 
and methane and other chemical species derived from 
nitrogen and sulfur are formed (10). Despite the 
process robustness under exogenous pressures, 
anaerobic digesters operation requires a correct 
environmental framework for the microbial 
population activity in order to provide high ethane 
yields. Therefore, it is important to ensure appropriate 
operating parameters such as feed composition, 
loading rates and robust design criteria parameters 
that lead to a process optimization (11). In this 
context, co-digestion may favor an increased methane 
production when compared to the one that may be 
obtained with single substrates. The mixture of 
different types of substrates can provide a C/N ratio 
more suitable for biological process (12). 
Furthermore, anaerobic processes can be improved by 
providing proper operational conditions, such as an 
adequate temperature (13), organic loading rate (14), 
hydraulic retention time (HRT) (15), pH (16), 
composition of substrates (17), and controlling the 
presence of inhibitor compounds (18, 19).  
 
process. McCarty (20) reported that a concentration 
of 50-200mgNH4-N/L is beneficial to AD process. 
Hobson and Shaw (21) reported no antagonistic 
effects at concentrations of 200-1000 mgNH4-N/ L. 
Yenigun and Demirel (19) claim that concentrations 
of 1.7-1.8 gNH4-N/L carries moderate inhibition on 
methane yield. Complete inhibition of the process 
was reported by Prochazka (22) at concentrations 
higher than 3000 mgNH4-N/ L. The present study 
endeavors to contribute for the development and 
optimization of an integrated solution for cattle 
manure wastewater treatment and energetic 
valorization. In that regard, the anaerobic co-
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digestion of  cattle manure  (CM)  and  sewage sludge 
wastewaters (SSW) was investigated. 
 
II. MATERIALS AND METHODS 
 
 2.1. Biodegradation assays  
 The batch experiments were carried out using six 
500 mL flasks with the effective volume of 200 mL, 
named digesters A1, A2, B1,B2 and C1,C2. All the 
assays were prepared with 40% of anaerobic biomass 
(AB) and the mixing ratios were set up as shown in 
Table 1. The digesters were incubated and operated 
under mesophilic conditions (at 35ºC) in an  orbital 
shaking incubator (ShelLab Model:SI4-2) at 120 rpm. 
The hydraulic retention time  (TRH) was 54 days for 
digesters A and 35 days for digesters B and C. 

Table1: Substrate composition 

 
 
Each assay was carried out in duplicate and the 
arithmetic averages were taken for the final analysis.  
The following parameters were monitored along the 
operation time,  following the procedures described in 
Standard Methods for the Examination of Water and  
Wastewater  (23): pH, total and soluble COD, total  
solids (TS), total volatile solids (TVS), total 
suspended solids (TSS), volatile suspended solids 
(VSS) and NH4+-N. 
 
2.2. Statistical Analyzes  
Statistical analyzes  including mean and standard 
deviation were calculated for the collected data and 
the results were analyzed by an ANOVA test (95% 
confidence interval). It was used a Bonferroni's test to 
compare mean values and to assess the significance 
of differences between mean values. All statistical 
analyzes were performed using SPSS software, 
version 22 (SPSS, Chicago, IL). 
 
III. RESULTS AND DISCUSSION 
 
3.1. Biodegradation assays 
 The  basic  characteristics of  SSW,  CM  and AB  
are summarized in Table 2. The TS, tCOD and sCOD 
concentration were higher in CM than in SSW, 
complying with the study performed by Shilton et al 
(11).  However, the tCOD, sCOD and TKN 
concentration were higher in the assay C 
(CM+SSW+AB) than in the assay A (CM+AB).  As 
depicted  in  Table 3, the  TKN concentration found 
for the assay C was 400.60 mg/L. Although according 
to  Yenigun  and  Demirel  (19) concentrations of 

200-1000 mgNH4-N/ L did not lead to antagonist 
effects, the high values of  the  ratio tCOD/TKN 
(Assay  A:150,08;  Assay  B: 41,21 and Assay C: 
43,93) suggest that the ratio C:N may not be proper 
for the AD process, since,, according  to Ghasimi, et 
al. (24)  this ratio should be  in range of 16:1-25:1.  
The low nitrogen  concentration  may be limiting  the 
growth of the microorganisms and may hence lead to 
a decrease in biogas production yield as reported by 
Bouallagui et al. (27). 
 

Tabel 2: Chemical characterization of substrates used in the 
biodegradation experiments. 

 
Tabel 3: Chemical characterization of mixtures of the 

biodegradation assays. 
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As shown in  Table 4,  the co-digestion of cattle 
manure and sewage sludge wastewater lead to a  
removal efficiency  of 60% in terms of  total 
COD.This result demonstrated an improvement of 
17% and 20% when  compared to the single AD of 
SSW and CM, respectively. This increment was 
related to the higher biodegradability rate obtained in 
the assay C (0.13±0.02 gO2 gVSS-1 d-1). Silvester et 
al (26), in a study of anaerobic co-digestion of crude 
glycerine  and SSW, reported  a similar  improvement 
in the  removal efficiency (22%) of co-digestion 
comparing to single digestion of SSW. 
 

Table 4: Biodegradation rates (in terms of total COD) 
according to substrate composition. 

 
 

The organic matter biodegradation rates calculated 
for  co-digestion of SSW and CM was 0.13±0.02gO2 
gVSS-1 d-1, being higher than the values calculated 
for the single AD as registered in Table 4. The pecific  
organic loading rates (OLR) calculated for the assays 
A, B and C were 293,88 gCOD  gVSS-1  d-1, 491,43  
gCOD gVSS-1  d-1,  and 502.86  gCOD gVSS-1  d-1, 
respectively.  In fact, the mixture of CM and SSW in 
the co-digestion assay (assay C) led to an increase in 
the OLR. A similar result was also obtained in the 
study of co-digestion of rice straw and cow manure 
performed by Li et al. (25). According to the author, 
the volumetric biogas production rate (VBPR) 
increased with an increase in the OLR but excessive 
OLR lead to the failure of AD due to process 
inhibition by accumulation of volatile fatty acids 
(VFA) instead of ammonia. However, despite the 
high COD values, the solids concentration represent a 
significant fraction of the organic pollution load and, 
hence, may not be readily accessible for  microbial 
degradation  (the soluble COD fraction ranged 
between 0,7% and 4,7%). Despite being observed 
that, during the experimental assays, soluble organic 
carbon has been made available to microorganisms as 
a consequence of solubilization and hydrolysis of 
particulate organic matter, these may be considered 
the limiting steps for substrate bacterial uptake. 
 
3.2. Statistical analyzes  
 Statistical analysis of the BDA rates of the three  co-
digestion  tests, reported in  Table 4, shows that for a 
95% confidence interval, there are significant 
differences between the mixtures A and C, sig = 
0.007 (P <0.01) and B and C, sig = 0.04 (P<0.05). As 
well as the statistical analysis of the ratio  tCOD /  
TKN between  the  different assays, allow to say that 
for a  95% confidence interval, there are significant  

differences between the mixtures A and C (p<0.001) 
but there is no significant difference between the 
mixtures B and C (p>0.05). 
 
CONCLUSIONS 
 
 It has been demonstrated that  anaerobic co-digestion 
of cattle manure and sewage sludge  at mesophilic 
condition (35ºC) is a sustainable and 
environmentally-attractive solution. The co-digestion 
enhances organic matter biodegradation rates and the 
removal efficiency in terms of total COD for all the 
experiments performed in this study. The mixture of 
substrates led to a decrease in the tCOD/TKN ratio, 
when comparing to single-AD of CM. On the other 
hand, concerning the effect of the tCOD/TKN ratio in 
the co-digestion process, there is no significant 
difference between the single-AD of SSW when 
compared to co-digestion of CM and SSW. 
Therefore, the results of the present study pointed out 
to the advantages of an integrated strategy towards 
sustainable management and valorisation of cattle 
manure wastewater and sewage sludge wastewater as 
a contribution to regional development. 
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