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Anaerobic digestion (AD) has emerged as a widely adopted biotechnology for converting industrial, agricultural, 

and food waste, as well as wastewater, into biogas. Europe has about 20,000 AD plants generating 196 TWh of 

biogas and biomethane, equivalent to 18.4 billion cubic meters (bcm). AD’s popularity is attributed to its flexibility 

in processing various substrates, relatively simple design, and ease of operation. The main product, biogas, can be 

used for combined heat and power (CHP) generation or upgraded to biomethane. However, in recent years, AD 

has faced challenges due to the low energy density and market value of methane (~$0.5/m³), leading researchers 

and industries to explore more profitable bio-based alternatives. A promising solution is the integration of AD into 

a biorefinery model, which enables the simultaneous production of multiple high-value bio-products, including 

volatile fatty acids (VFAs), medium-chain fatty acids (MCFAs),wat ethanol, lactic acid, and bio-based fertilizers, 

with values ranging from $0.8 to $4.4/kg. 

Figure 1. A conceptual scheme of an integrated biorefinery for the simultaneous production of medium-chain 

fatty acids (MCFAs) and biogas from agro-food residues. 
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MCFAs, obtained through the chain elongation of short-chain fatty acids, have gained particular interest 

in biorefinery research. This study investigated a three-stage chain elongation process to optimize the production 

and purification of MCFAs. The process involved (i) the fermentation of organic waste to produce electron donors, 

(ii) the generation of electron acceptors, and (iii) their controlled reaction in a separate reactor to synthesize 

MCFAs (Figure 1).  

By this way, the revamping of the current AD plants can be possible by the creation of an innovative 

biorefinery platform. The Organic Fraction of Municipal Solid Waste (OFMSW) was used as a substrate, and key 

operational parameters such as hydraulic retention time (HRT), organic loading rate (OLR), pH, and temperature 

were optimized to enhance bio-product yields. The three-stage approach was compared to single-phase chain 

elongation, demonstrating its superior efficiency. Additionally, residual organic matter from the process was fed 

into an AD plant for biogas production, ensuring maximal resource recovery within the biorefinery system. This 

integrated approach aligns with the waste hierarchy principle, prioritizing high-value bio-material synthesis over 

conventional biogas production. Specifically, different tests were carried out to optimize the production of both 

electron donor and electron acceptor compounds from synthetic OFMSW. The different operational conditions 

have been reported in Table 1.  

Table 1. Operational conditions applied in fermentation tests. 

Test HRT 

(days) 

ORL 
(gCOD/L.d) 

pH 

1 2 30 5.5 / 7.0 

2 

3 

4 

2 
2 

2/5 

30 

60 

60 

5.5 / 7.0 

7.0 

7.0 

In Tests 1 and 2, the reactors were operated at an HRT of 2 days and an OLR of 30 gCOD L⁻¹ d⁻¹. In Test 

1, under pH conditions of 5.5 and subsequently 7.0. In Test 2, while maintaining the same HRT and OLR, 50% of 

the reactor solids were recirculated to increase biomass retention and evaluate its effect on process performance, 

also under pH 5.5 and 7.0 conditions. In Test 3, the HRT was kept at 2 days, but the OLR was increased to 60 

gCOD L⁻¹ d⁻¹, with pH controlled at 7.0, aiming to assess the impact of higher organic loading. Finally, in Test 4, 

the OLR remained at 60 gCOD L⁻¹ d⁻¹ and the pH at 7.0, while the HRT was varied between 2 and 5 days to 

evaluate the effect of increasing the HRT under higher organic loading conditions. VFA and lactic acid were 

quantified by high-performance liquid chromatography (HPLC). Prior to analysis, samples were centrifuged and 

filtered through 0.22 µm membrane filters to remove suspended solids. The filtered supernatant was analyzed 

using a Dionex HPLC system equipped with an organic acid column and a conductivity or UV detector, according 

to the manufacturer’s recommendations. Individual compounds, including acetic, propionic, butyric, valeric, 

caproic and lactic acids, were identified based on their retention times and quantified using external calibration 

curves prepared with analytical-grade standards.  

The results showed that both lactic acid and VFA production were enhanced with an increase in OLR. 

However, their predominance was strongly influenced by the operational pH. Lactic acid production was favored 

under acidic conditions (pH 5.5), suggesting that this environment stimulated metabolic pathways associated with 

lactate formation. In contrast, at neutral pH (7.0), VFA production was improved, with a shift toward the formation 

of short-chain fatty acids such as acetic, propionic, and butyric acids. Although the increase in OLR intensified 

overall acidogenesis and pH effectively directed the metabolic pathways, further experiments will be conducted 

to optimize the system toward higher caproic acid yields. Future operational adjustments will focus on enhancing 

chain elongation pathways to improve caproate production efficiency. 

 

 


