
Improving the anaerobic digestion of food waste through pretreatments  

C. Morales-Polo (1), MM. Cledera-Castro, M. Revuelta-Aramburu, K. Hueso-Kortekaas 

(1) ICAI School of Engineering – Comillas Pontifical University – Institute for Research in Technology. 

Madrid, Spain. 

+915422800 cmorales@comillas.edu 

 
1. Introduction – In previous studies from the authors [1] it was determined that, 

treating anaerobically for 21 days together with UASB sewage sludge, fruit and 

vegetable residues (V) generate 913 Nml of biogas per 100 grams of residue, being 

methane the 32% of the volume. However, only the 16% of the substrate is 

degraded. The same occurs with other residues such as meat (M) or fish residue (F) 

(Table I). Pretreatments constitute a way to improve the level of degradation of the 

substrate, resulting in an increase in the generation of biogas and its enrichment in 

methane.  

This study analyzes the influence of different thermomechanical pretreatments, easily accessible in facilities of 

the agri-food industry (freezing, ultra-freezing and lyophilization), from the point of view of biogas and methane 

generation. It will be determined if the improvement of the pretreatment occurs by modification of the 

substrate’s structure (Image 1) or by changes in the solubility. Also, the compositional changes generated by the 

pretreatment will be studied, and the changes that this causes in the anaerobic digestion process. 

 

2. Experimental - Substrates are characterized by standardized APHA methods [2] regarding its 

physicochemical and organic composition, elemental analysis, nitrogen content, pH and alkalinity. The effect of 

the pretreatment is measured, in terms of structure modification by low vacuum SEM micrography, and in terms 

of solubility change by the relation between the COD of the soluble and total fraction. Anaerobic degradation 

tests are carried out using the standardized tests UNE-EN ISO 11734 [3] and VDI 4630 [4], measuring the 

composition of biogas by gas chromatography. An ANOVA statistical analysis with DMS and Tukey contrasts is 

also performed to determine if there is a statistical correlation between the effects of pretreatments or not, and a 

series of mathematical adjustments to determine degradation levels and disintegration constants. 

 

3. Results and Discussion - Once the substrate characterization and 

anaerobic degradation tests have been carried out, the degradation and gas 

collection curves are obtained (Image 2), which allow the process to be 

analyzed as a whole and compared with and without pretreatments. A 

clear statistical correlation of the pretreatment with the degradation results 

has been obtained, therefore, it is an influential factor in the process. In 

addition, its course of action and the improvements obtained have been 

determined, which are briefly summarized in the conclusions. 

4. Conclusions - Freezing pretreatment increases biogas production when causing a rupture of the external 

structure, thus increasing the surface available for microorganisms access, and increasing solubility. Ultra-

freezing, on the other hand, does not cause significant changes in solubility or changes in porosity or available 

surface, but the external structure is weakened, slightly improving the process. Lyophilization increases the 

solubility of the substrate and causes a huge increase in porosity. However, humidity is drastically reduced, and 

this leads to a large slowdown in hydrolysis. 
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Image 1. Substrate structure: (a) untreated (b) pretreated 

Table I. Results obtained after anaerobic degradation tests, without and with pretreatment 

 Before pretreatment 

 

After the most efficient pretreatment 

 

Biogas 

production 
[Nml/100 gr 

residue] 

Methane 

content 
[%vol of CH4 in 

biogas] 

Substrate 

biodegradation 
[%] 

Disintegration 

constant 
[days-1] 

Biogas production 
[Nml/100 gr residue] 

Methane content 
[%vol of CH4 in 

biogas] 

Substrate 

biodegradation 
[%] 

Disintegration 

constant 
[days-1] 

V 913.2 Nml 32.2 % 16.0 % 0.20 1097.4 Nml (+20.2 %) 59.4 % (+85.7%) 21.5 % (+34.4%) 0.81 (+306.5%) 

M 1337.5 Nml 21.0 % 3.5 % 0.13 1478.8 Nml (+10.5 %) 57.8 % (+132.9%) 11.3 % (+222.8%) 0.18 (+40.6%) 

F 169.2 Nml 13.6 % 15.2 % 0.19 896.3 Nml (+16.5 %) 39.5 % (+192.7%) 17.8 % (+17.1%) 0.47 (+142.2%) 
  

    
Image 2. Biodegradation curves for the comparison against pretreatments 


