Enhancing Biogas Production from Food Organics and Garden Organics (FOGO)
through Pretreatment Strategies
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Abstract:

The widespread adoption of Food Organics and Garden Organics (FOGO) collection systems in Australia
has significantly improved the diversion of biodegradable waste from landfills. However, weekly collection
schedules allow partial degradation of food waste before collection, resulting in waste streams increasingly
dominated by more recalcitrant garden-derived lignocellulosic material. Composting remains the predominant
treatment option; nevertheless, it is associated with long processing times, limited market demand, and greenhouse
gas emissions. The pretreatment and anaerobic digestion of heterogeneous FOGO waste have not yet been
systematically investigated. Although numerous studies have examined pretreatment methods for lignocellulosic
and garden wastes, the combined pretreatment and anaerobic digestion behaviour of kerbside-collected FOGO
streams remains unexplored.

This study assesses the effectiveness of hydrothermal, partial wet-oxidation, and alkaline (sodium
hydroxide) pretreatments under varying conditions to enhance the biodegradability of FOGO waste. Biomethane
potential (BMP) assays were conducted over 30 days. The liquid fraction obtained from 0.1 N NaOH pretreatment
yielded 235 mL g™' COD of biogas with a methane content of 75.3%. In contrast, hydrothermal and partial wet-
oxidation pretreatments produced substantially higher biogas yields of 465.4 and 456 mL g™! COD, with methane
contents of 69.2% and 66.7%, respectively. These findings demonstrate the potential of targeted pretreatment
strategies to improve energy recovery from FOGO waste, warranting further evaluation at larger scales.

Introduction

The expansion of Food Organics and Garden Organics (FOGO) collection schemes across Australia has
enhanced the separation of biodegradable materials from municipal solid waste. However, the typical weekly
collection frequency permits partial decomposition of food residues before collection, leading to waste streams
dominated by more resistant garden and lignocellulosic components. These materials are predominantly treated
via composting, despite the associated challenges of prolonged processing times, greenhouse gas emissions, and
limited market demand for compost products (Madden et al., 2023; Jin et al., 2023).

Anaerobic digestion presents an alternative waste management pathway by converting organic residues into
renewable biogas and nutrient-rich digestate. Previous studies have demonstrated the successful digestion of
source-separated food waste and lignocellulosic biomass, emphasising the importance of pretreatment in
enhancing biodegradability and methane yields (Bharadwaj et al., 2024). Nevertheless, while relatively
homogeneous substrates have been extensively studied, the anaerobic digestion behaviour and pretreatment
requirements of heterogeneous, kerbside-collected FOGO mixtures remain largely unaddressed. This represents a
significant knowledge gap that the present study seeks to fill by systematically evaluating pretreatment approaches
and biomethane potential for real-world FOGO waste streams (Cai et al., 2021; Chen et al., 2024).

Table 1. Pretreatment conditions for hydrothermal pretreatment and partial wet-oxidation based on a fractional
factorial design.

Sample number Sample name Temperature (°C) Duration (mins) Oxygen (%)
1 TH 1 150 10 0
2 TH 2 150 30 0
3 TH3 220 10 0
4 TH 4 220 30 0
5 PWO 1 150 10 20
6 PWO2 150 30 20
7 PWO 3 185 20 10
8 PWO 4 220 10 20
9 PWO 5 220 30 20
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Materials and Methods

FOGO feedstock was air-dried, milled, and sieved before pretreatment. Two primary pretreatment
categories were investigated: alkaline and thermal/oxidative. For alkaline pretreatment, FOGO samples were
treated with sodium hydroxide at a solid-to-liquid ratio of 1:10 (w/v), using concentrations ranging from 0.1 N to
0.5 N. The mixtures were incubated at 37 °C for 24 h, after which solid and liquid fractions were separated for
further analysis. Hydrothermal and partial wet-oxidation pretreatments were conducted using a PARR 4848
reactor, following a partial factorial experimental design. Treatment temperatures ranged from 150 to 220 °C,
residence times from 10 to 30 min, and oxygen concentrations from 0 to 20% (v/v), resulting in nine experimental
conditions (Table 1). All pretreated fractions, along with untreated controls, were subjected to 30-day batch BMP
assays under mesophilic conditions to quantify biogas and methane production.
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Figure 1: Biogas produced in 30 days
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Figure 2: Biogas composition



Results and Discussion

All three pretreatment strategies, hydrothermal, partial wet-oxidation, and sodium hydroxide, were found
to enhance the anaerobic biodegradability of FOGO waste relative to untreated samples. BMP results indicated
that hydrothermal and partial wet-oxidation pretreatments achieved the highest specific biogas yields, reaching
465.4 and 456 mL g! COD, respectively (Figure 1). These treatments produced methane contents of 69.2% and
66.7% (Figure 2). In comparison, the liquid fraction generated from 0.1 N NaOH pretreatment exhibited a lower
biogas yield of 235 mL g COD, yet produced biogas with a higher methane concentration of 75.3%. This suggests
that alkaline pretreatment may preferentially solubilise readily methanogenic compounds, resulting in improved
gas quality despite lower overall gas volume.

Conclusions

The findings indicate that hydrothermal and partial wet-oxidation pretreatments are more effective than
dilute alkaline pretreatment in maximising biogas production from heterogeneous FOGO waste, likely due to
enhanced disruption of lignocellulosic structures and increased substrate accessibility. However, the higher
methane concentration observed in the NaOH-treated liquid fraction highlights the potential advantages of
chemical pretreatment where gas quality or phase-separated digestion is prioritised. Overall, this study
demonstrates the technical feasibility of applying targeted pretreatment strategies to improve energy recovery from
FOGO waste and underscores the need for larger-scale, continuous-operation studies to validate performance and
assess practical implementation within real-world waste management systems.
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