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1 INTRODUCTION  

Anaerobic digestion is a widely used technology for the treatment of organic wastes. This process is accomplished 
through four stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis. In anaerobic digestion of solid 
wastes, biological hydrolysis stage has been identified as the rate-limiting step of the process. In this sense, several 
pretreatments (thermochemical, biological and ultrasonic) of OFMSW (organic fraction of municipal solid waste) 
have been proved to reduce this process limitation through enhancing hydrolysis rate. It has been reported than all of 
them are able to accelerate the solubilization (and consequently hydrolysis) of organic matter in solid wastes or 
sludges.  
 Thermochemical pretreatments has been studied to improve the anaerobic digestibility since the 
application of extreme conditions (high temperatures, pressures and NaOH dosage) can achieve the solubilization of 
organic matter from MSW (Fernández-Güelfo, L.A., 2008). Besides, a serial of biological pretreatments have been 
tested to increase the organic matter solubilization (De Vicente, A., 2009) using the following biological agents: 
compost (mature and raw), a fungus as Aspergillus awamori, MSW native microbiota and activated sludge from 
WWTP. New this research topic, ultrasonic pretreatment have been also used to increase the organic matter 
solubilization of MSW. 
 The objective of this study was to determine and to compare the efficiency of three pretreatments 
(thermochemical, biological and ultrasonic) for organic matter solubilization from OFMSW. 

 

2 MATERIALS AND METHODS 

2.1 Materials 
OFMSW and compost were collected from an industrial MSW treatment plant (“Las Calandrias” located in Jerez de 
la Frontera at the south of Spain). The original stock of the fungus Aspergillus awamori was provided by the 
research group of Food Engineering and Technology of the Department of Chemical Engineering and Food 
Technology of Cadiz University.  

2.2 Pretreatment of OFMSW 
In thermochemical pre-treatment, the samples of OFMSW were treated within a 160-180ºC temperature range and a 
3.5-6.5 bar pressure range. The OFMSW was diluted with water up to 20% in total solid and was introduced into the 
reactor (until 70% of the total volume). The NaOH was added to reach medium concentrations ranging from 2 to 4 
g/L. The time for pretreatment was 30 minutes. 

For the biological pretreatment, two different series of experiments were carried out. In the first one, the 
biological agents used have been compost, Aspergillus awamori and activated sludge from WWTP (from now on, 
WAS). Inoculation percentages of 1.75%, 2.75% and 5% w/w were tested and the experiments were run at contact 
times of 6, 12, 24 and 48 h. The reactors were equipped with an individual mixing system (13 rpm) and with an 
aeration system. The results obtained in this series of experiments indicates that aeration of the system had a net 
negative effect as pretreatment and hence, it was decided to realize a second test of biological pretreatments 
modifying the operational conditions and including a new biological agent (MSW native microbiota). In this second 
series of experiments, no aeration was applied, contact times used were 6, 12 and 24 h and, finally, agitation was 
intermittent. The assays were carried out in batch reactors and were realised by duplicate. 
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Ultrasonic pretreatment was performed using an Ultrasonic Processors operating at 100 kHz. The 
temperature was maintained at 45ºC during the pretreatment experiments by means a circulating bath. The operation 
pulse was ranged from 1:1 to 9:1 (on:off). The ultrasonic pretreatment has been carried out adding concentrations of 
alkaline agent (NaOH) from 0 to 3.5 g/L. Finally, the operation time was changed in function of the pulse used (20-
60 minutes). 

2.3 Analytical methods 
All analytical determinations were performed in according to Standard Methods of examination of water and 
wastewater (APHA, AWWA, WPCF). The parameters used to characterize samples were: pH, total solid (TS), 
volatile solid (VS), alkalinity, C/N ratio, total volatile fatty acids (total VFA), chemical oxygen demand (COD) and 
dissolved organic carbon (DOC). Samples were collected from the reactor and were filtered through 0.45 µm glass 
fibre filter. 
 

3 RESULTS AND DISCUSSION  

3.1 Analysis of the results 
To determine the most adequate pretreatment for organic matter solubilization from OFMSW, all the parameters 
analyzed have been considered. However, for simplicity, in the next discussion only DOC data have been selected to 
realize the comparison between pretreatment effects, since the others parameters show similar trends.  
 Figure 1 shows the increases obtained in DOC for each pretreatment tested at the best conditions used. 
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FIGURE 1  DOC increases with the different pre-treatments tested. 
 

As can be observed in figure 1, for thermochemical pretreatment, the best temperature is 160ºC, since it 
generates the highest increases in DOC. With respect to the NaOH dosage it can be observed than in all tests 
performed at 160ºC the best results were obtained for 3 g/L. Finally, comparison of the assays realized at 160ºC and 
3 g/L NaOH indicates that the best pressure at the tested values was 6.5 bar. In addition, at the selected conditions 
for these study using thermochemical pretreatment (160ºC, 6.5 bar and 3 g/L NaOH) an increase of DOC of 176 % 
can be reached. 
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Biological pretreatment assays show that it’s possible to differentiate between the results obtained in the 
first serial of experiments from the second one. In the first serial the obtained solubilization yields were negative. A 
possible explanation is that used conditions have further encouraged organic matter removal on hydrolysis.  

In this way, a second series of experiments had been carried out modifying operational conditions (no 
aeration and intermittent mixing) to reduce the metabolic rates and to promote the organic matter solubilization 
versus its consumption. Results obtained in this assays show a maximum increase of DOC of 325 %, when 
Aspergillus awamori have been used as biological agent and the operation time was 24 h with an inoculum 
percentage of 5%.  

For the ultrasonic pretreatment, the solubilization yields are lower than that obtained for thermochemical 
and biological pretreatments. In this point, it is necessary to highlight, that in this pretreatment, efficacy depends on 
the contact between the ultrasonic probe and the sample and, besides, during the process a warming of the probe 
occurs, affecting the efficiency. As can be seen in figure 1, selected conditions for ultrasonic pretreatment, operating 
at 45ºC, were 3 g NaOH/ L, operation time of 20 minutes and pulse 5:1. In these conditions an increase of 56 % of 
DOC has been obtained. 

From the above discussion it can be concluded than biological pretreatment with Aspergillus awamori is 
the best of all tested pretreatments.  

3.2 Design of experiments (DOE) software 
The design of experiments (DOE) consists in a statistical methodology to planning and analysis a series of 
experiments, in order to obtain the maximum information of them. In this study the specific software MODE 9.0 
have been used for applying DOE.  
 

The equation applied by the model is presented below : 
 

R= b0 + b1 x1 + b2 x2 + b3 x3 + b11 x1
2 + b22 x2

2 + b3 x3
2 + b12 x1 x2 + b13 x1 x3 + b23 x2 x3 

 

R= response 
b= model constant 
xn= factors 

 
The aim of this analysis is to obtain a predictive model for the pretreatment when its operative conditions 

are changed. The goodness of model fitting depends on the values obtained for R2 related to variation percentage 
explained for the model (should approach 1) and Q2 related to variation percentage explained for the model by 
crossed validation (should be greater than 0.5). The values of R2 and Q2 obtained show a good fitting of the model to 
biological pretreatment results.  
 
TABLE 1 Values of R 2 and Q2 for the different types of pretreatments used  
Values      Thermochemical Ultrasonic Biological 
R2

~ 1 0.847 0.870 0.973 
Q2 > 0.5 0.562 0.150 0.811 
 

4 CONCLUSIONS  

From the analysis of the results obtained in the different tests realized to select the best pretreatment for organic 
matter solubilization, the following conclusions can be pointed out: 

− For the thermochemical pretreatments, the best tested conditions correspond with a time of operation of 30 
minutes, 160ºC, 6.5 bar and 3 g/L of NaOH. In these conditions increases of organic matter solubilization 
of 176 % of DOC can be reached. 

− In the ultrasonic pretreatment, the best conditions tested, were 45ºC, an operation time of 20 minutes, a pulse 
of 5:1 and 3 g/L NaOH. The rise obtained in these conditions was 56 % of DOC. 

− Finally, for the biological pretreatment, the optimum conditions were obtained with Aspergillus awamori 
with an operation time of 24 h, an inoculation percentage of 5 % (w/w) and no aeration with intermittent 
mixing. In these conditions the maximum organic matter solubilization reached was 325 % of DOC.  
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 In summary, as general conclusion of this work it can be highlighted than the biological pretreatment, 
using Aspergillus awamori as biological agent, is the best of all pretreatments tested for organic matter 
solubilization from OFMSW, reaching increases of DOC as high as 325%, which is double than the best of 
thermochemical and six times than the best ultrasonic pretreatment. 
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