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Abstract 

With the increasing demand for sustainable waste management and renewable energy sources, converting organic 

waste into valuable biochemicals is a promising solution that can reduce environmental impact and contribute to 

a circular economy. In this study, the production of volatile fatty acids (VFAs) from municipal sewage sludge by 

anaerobic fermentation processes is investigated, specifically using cellulose-enriched sludge obtained by dynamic 

sieving. Without any pretreatment of the starting biomass and under very mild reaction conditions (35 °C, 14 days), 

a significant increase in the production of VFAs from municipal sewage sludge was observed (6.8 g/L) with acetic 

and propionic acids being the main compounds. The results underline the potential use of by-products from 

wastewater treatment as a resource to promote a circular economy approach to waste management. 

 

Introduction  

Managing sewage sludge produced during wastewater treatment is a significant environmental challenge. With 

increasing urbanization and industrial activity, the amount of sewage sludge produced has increased dramatically, 

requiring effective disposal and management strategies. Conventional methods of sewage sludge disposal, such as 

landfilling or incineration, raise concerns about their environmental impact and sustainability (Gusiatin et al, 

2024). In recent years, the potential to utilize sewage sludge as a resource has gained attention, mainly through 

anaerobic fermentation processes that convert the organic matter into volatile fatty acids (VFAs). These 

compounds can serve as valuable intermediates for various applications, including bioplastics, biofuels and 

chemical feedstocks. Investigating the anaerobic digestion of cellulosic sewage sludge (obtained through sieving 

of urban wastewater) to produce VFAs addresses waste management issues and promotes a circular economy by 

converting waste into valuable products. This work investigates the production of VFAs from cellulosic municipal 

sewage sludge through anaerobic fermentation processes, establishing the groundwork for a more in-depth 

exploration of the methods, benefits and challenges associated with producing valuable compounds from waste, 

thereby promoting sustainable solutions. 

 

Materials and methods  

Reagents and instruments 

All reagents and solvents used in this work were of analytical grade (≥99%) and used directly without purification 

or treatment. VFAs were quantified by high-performance liquid chromatography (HPLC) using a JASCO 

instrument with an AS 2055 autosampler, a UV-150 detector (detection wavelength 210 nm) and a Hi-Plex H 

column (300 mm, 4 mm). The column was thermostatically controlled at 328 K using a flow rate of 0.6 mL min−1 

of an aqueous 10 mM H2SO4 solution as the mobile phase. 

Substrate and inoculum  

Cellulosic sewage sludge from the wastewater treatment plant of Vernole (6.000 population equivalents, PE, Italy) 

was used as the substrate for this study. Sewage sludge from the anaerobic digester of Bari Ovest (230.000 PE, 

Italy) served as inoculum. Samples were treated immediately to avoid prolonged storage (up to 48 h at 4 °C) and 

analyzed for the determination of total solids (TS), esterifiable lipids, easily hydrolyzable carbohydrates (EHC), 

proteins, cellulose, lignin and ash content (di Bitonto et al, 2020). The chemical properties of the substrate and the 

inoculum are listed in Table 1. Each determination was carried out in triplicate to calculate the average value and 

standard deviations. The inoculum was stabilized at 25 °C and atmospheric nitrogen pressure for 20 days under 

stirring (250 rpm) and stored at 4 °C before the use. 

 

Anaerobic fermentation tests 

In a 250 mL Pyrex glass reactor, 1 g of dry sludge was placed with 50 g of inoculum under nitrogen flow. The 

system was closed and placed in a thermostatic bath under stirring (250 rpm) at 35 °C for 14 days. At the end of 

the process, the reagent mixture was centrifuged. The aqueous solution was filtered through a 0.45 μm hydrophilic 

PTFE filter, diluted 1:10 and analyzed by liquid chromatography to determine the VFA content. 
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Table 1. Chemical properties of the substrate and inoculum used for the anaerobic fermentation tests. 
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Analysis of results  

Anaerobic fermentation of sewage sludge for the production of VFAs 

Figure 1 presents the main results related to the anaerobic fermentation of sewage sludge for the production of 

VFAs. The reaction was carried out at 35 °C for 14 days, using a weight ratio starting biomass to inoculum of 

1:50. At the end of the process, a total production of VFAs of 6.8 g/L was observed with acetic and propionic acids 

being the predominant compounds (48.5%wt and 22.1%wt, respectively). 

 

Figure 1. Analysis of VFA production from the anaerobic fermentation of sewage sludge. 

 

In addition, in the end, valeric acid and hexanoic acid production were observed (0.9 g/L and 1.0 g/L, respectively), 

resulting from the chain elongation process catalyzed by the bacteria in the inoculum. These compounds have a 

helpful application in industry, especially for producing biosolvents and high-added-value compounds (e.g. 

bioplastics, biofuels, additives) (D’Ambrosio et al, 2024). Further studies are being conducted to promote the chain 

elongation process of VFAs and to obtain hexanoic acid as the main product while developing innovative 

extracting procedures. 

Conclusions 

This work proposed the production of VFA by anaerobic fermentation of municipal sewage sludge. Converting 

waste into high-value compounds reduces the total waste for disposal and promotes the efficient use of available 

resources, which aligns with the principles of the circular economy. 
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Chemical properties Inoculum Substrate 

   Total Solids (TS, %wt) 3.0 ± 0.1 35.9 ± 1.4 

TS composition                %wtTS %wtTS 

   Esterifiable Lipids 0.5 4.5 ± 0.3 

   EHC   4.6 ± 0.1      6.5 ± 0.1 

   Proteins    11.3 ± 0.5  8.0 ± 0.6 

   Cellulose 1.8 48.8 ± 1.2 

   Lignohumic-like compounds 13.8 ± 0.9 15.4 ± 1.0 

   Ashes 64.8 ± 1.8 13.2 ± 0.7 
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