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1 INTRODUCTION   

Modelling of anaerobic digestion is more and more used as a tool for process optimization or interpreting observed 

phenomena within research projects. Whatever the model, one of the major key issue is the characterisation of the 

influent. For substrates like activated sludge from wastewater treatment plants, detailed influent characterisation 

models have been developed. But, the other substrates more complex as livestock manures require a more detailed 

input characterisation. 

Chemical analysis can be used to give the basic splits required into proteins, fats, and carbohydrates. 

However, this does not provide biodegradability and kinetic data. Other methodologies have been developed with 

online calibration of the model on the results of a real anaerobic reactor (Girault et al., 2010 ; Batstone et al., 2009). 

Nevertheless, this kind of method is not applicable for predictive studies, which are one of the main interests of 

modelling. Accordingly, an experimental tool to estimate substrate fractionation and the associated degradation 

kinetics has been developed in Girault et al. (2010). Named “anaerobic respirometry”, this tool is based on the 

numerical interpretation of the results (in term of methane production kinetics) of batch experiments performed at 

low substrate to biomass ratio. Already used specifically for the characterisation of wastes from wastewater 

treatment plants (Yasui et al., 2006 & 2008), this method was applied on more complex substrates in Girault et al. 

(2010) and the effect of some operating conditions was studied. 

In this paper, this methodology is used to make a detailed characterisation of some agricultural effluents 

(pig and cow slurries). In addition to the identification of the limiting steps for the anaerobic degradation of these 

substrates, results give input data for a modelling approach allowing the prevision of the performance of a 

continuous anaerobic reactor. 

 

2 MATERIALS AND METHODS 

2.1 Substrates 

This study concerns the characterisation of the most used substrates for agricultural liquid anaerobic digestion: dairy 

cow slurry and mixed piggery slurry. Their characteristics are presented in the table 1. 

 

TABLE 1 Substrates characteristics (*biodegradable COD was calculated from BMP by considering that 

1 Nm3
CH4 is obtained by the degradable 2.86 kg COD) 

 Dairy cow slurry Mixed pig slurry 

Organic matter (%) 7.9 2.5 

CODtotal (gO2/kg) 122 39.9 

BMP (Nm3
CH4/kg) 18.9 +/- 2.5 - 

Biodegradability (% of total COD)* 44.3% +/- 6% - 

   

2.2 “Anaerobic respirometric” tests 

The principle of the “anaerobic respirometric” tests is the identification of COD fractions and the kinetic parameters 

associated with their degradation based on the numerical interpretation of Methane Production Rate (MPR) curves 

obtained in batch experiments.  
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Theses curves are obtained with a pulse of substrates in an important quantity of biomass (Yasui et al., 

2008). To obtain MPR curves, similar batch reactors with about 1L of working volume were used. They were 

continuously mixed and maintained at 38°C. The biogas production was continuously monitored by pressure 

measurements. The biogas composition was punctually determined in term of CH4 and CO2 contents by gas 

chromatography. First, the reactors were filled with sludge from a digester to supply anaerobic biomass. After one 

day of MPR stabilisation, a pulse of substrate was done and MPR was monitored during 10 days. After sludge filling 

and substrate pulse, the headspace of each reactor was purged with a gas mixture of N2 and CO2 (70/30). The 

quantity of substrate added was calculated in order to obtain a pulse addition representing between 1 to 3 times the 

organic daily loading rate (considered as biodegradable COD). For all the tests, the sludge used to supply biomass 

came from a CSTR digester fed with piggery wastewater (HRT=27 days, OLR = 3.7 kgCOD/m
3
reactor/d). To obtain 

MPR curves specific of the substrate, MPR of a control test obtained without substrate was subtracted.  

2.3 Modelling approach 

For the numerical interpretation of the MPR curves, a specific model was developed (Girault et al. 2010). Most of 

the MPR curves allow the visual identification of only two biodegradable fractions (one slowly and one readily 

biodegradable). So, a reduced order model was required and a modelling approach based on a simplification of 

ADM1 is used (Batstone et al., 2002). VFAs degradation steps were taken into account similarly to ADM1 because 

it is possible to assess them by chemical analysis. For upstream steps, only two steps were considered:  

− acidogenesis corresponding to the degradation of a part of the substrate for which hydrolysis is not the 

limiting step (Ss). The degradation of Ss produces VFAs. 

− hydrolysis corresponding to the degradation of a part of the substrate for which hydrolysis is the limiting step 

(Xs). The hydrolysis of Xs fraction produces Ss. 

 

Except for hydrolysis, biomass growth was considered for all the processes and the related parameters 

were supposed to depend only on biomass origin and not on substrate. So, the kinetic parameters used in this study 

for growth of each considered biomass was obtained from a previous study. To simulate MPR curves obtained with 

“anaerobic respirometry”, the initial state of the sludge was firstly obtained by the simulation of the digester from 

which the anaerobic sludge was taken. After that, the fractionation of the substrate was obtained by optimizing the 

numerical representation of experimental MPR curves. For this, initial VFAs concentrations were fixed by chemical 

analysis. Then, the rest of biodegradable COD was only considered as Xs, Ss and Xi (non-biodegradable COD). A 

first order constant for Xs hydrolysis was calibrated too.  

 

3 RESULTS AND DISCUSSION  

3.1 Characterisation of substrates 

Figure 1 presents the MPR curves obtained for studied agricultural wastes and make a comparison with simulated 

MPR curves after calibration. The associated fractionation of the total COD is given in figure 2 with the calibrated 

hydrolysis constants. The pulses of substrates represent 4.4gCODbiodegradable/Lsludge for piggery slurry and 

3.8gCODbiodegradable/Lsludge for cow slurry.  

First, for dairy cow slurry, the estimated biodegradability from “anaerobic respirometry” seems relatively 

consistent with BMPs. Nevertheless, a slight underestimation can be notified.  This difference can be explained by 

the lack of accuracy of short term experiments as “anaerobic respirometry” for the estimation of the biodegradability 

of very slowly biodegradable fractions.  
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FIGURE 1 MPR curves obtained for piggery slurry and dairy cow slurry by “anaerobic respirometry” 
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FIGURE 2 COD fractionation obtained by “anaerobic respirometry” and the associated hydrolysis 

constants (k_hyd) for dairy cow slurry and mixed piggery slurry 

 

The MPR curve obtain for piggery slurry allows the identification of two biodegradable COD fractions in 

addition to the measured VFAs. One fraction for which the hydrolysis rate is very low (Xs) corresponding mainly to 

the end of the curve (27% of total COD) and a second fraction for which the hydrolysis is not limiting for the 

anaerobic degradation (Ss) corresponding to the peak of MPR during the 2 first days (5% of total COD). For cow 

slurry, MPR curve allows the identification of an Xs fraction representing about 24% of the total COD. Ss and VFAs 

fractions represent 9% of the total COD. Results show significant differences on hydrolysis constants. Hydrolysis 

rate is 2.5 times higher for cow manure than for pig manure. 

3.2 Effect of HRT on digester yield 

To illustrate the interest of “anaerobic respirometry” for substrate characterisation combined with modelling, the 

previous fractionation and hydrolysis constant were used to predict the performance of a CSTR digester fed with the 

studied substrates. For this, the anaerobic digestion model used for MPR simulation was configured for continuous 

reactor modelling. The same calibrated parameters for biomass growth were used (parameters calibrated with pig 

slurry were considered valid for dairy cow slurry). Then, the effect of HRT on the COD degradation and the related 

CH4 production was investigated using the model. Results are shown on figure 3 for both substrates.  

For pig slurry, an HRT of 20 days allow assessing to 53% of the BMP and an HRT of 60 days permit to 

assess to only 72% of the BMP. For cow slurry, the degradation kinetic is higher. Then, HRTs of 20 and 60 days 

allow assessing respectively to 69% and 82% of the BMP. These results need to be compared with experimental 

results to valid the prediction method. But it’s interesting to underline that even for an HRT of 60 days, only 72% of 

the biodegradable COD is converted into methane for pig slurry. Figure 3 highlights the difficulty to fix an optimal 

HRT for these substrates due to a slow hydrolysis. Nevertheless, given the slight gain in performance when the HRT 

is increased from 40 days to 60 days (especially, for cow manure) the increase of HRT cannot be a very effective 

means to improve methane production. 
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FIGURE 3 a)Prediction of the effect of HRT on methane production of piggery and dairy cow slurry in an 

anaerobic CSTR; b) Prediction of the effect of HRT on the access to BMP for piggery and dairy 

cow slurry in an anaerobic CSTR. 

* : obtained from the biodegradable COD determined in 3.1. considering 350NLCH4/kgCODbiodegradable 

 

4 CONCLUSIONS  

This paper presents an illustration of a potential use of “anaerobic repirometry” for substrate characterisation aiming 

at digester performance prediction. In comparison with BMP experiments, anaerobic respirometric tests provide 

more information about the degradation kinetics of a substrate. The results can be very useful to easily determine 

inputs of an anaerobic digestion model. Thereafter, modelling approach can be used aiming at the prediction of the 

performance of an anaerobic reactor, what could be very useful in an operational (design, system management…) or 

a research (preliminary studies before experiments …) context. These results are promising for the future of 

“anaerobic respirometry” but a validation step is still necessary to quantify the accuracy of this method for 

prediction of digester performance. In addition to the interest of “anaerobic respirometry” for modelling highlighted 

by this paper, many other applications could be consider (evaluation of the effect of pretreatment on degradation 

kinetics, evaluation of inhibition effects,…) and should ensure a long life to “anaerobic respirometry”. 
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