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Introduction 

The startup of an anaerobic reactor presents significant challenges due to the need to stabilize microbial 

populations and control multiple critical parameters. During this initial phase, factors such as the type and 

adaptation of the inoculum, solids content, organic loading rate, and feeding strategy must be carefully managed 

to avoid the accumulation of volatile fatty acids and other inhibitory intermediates. Synchronizing the acidogenesis 

and methanogenesis processes is essential to ensure operational stability and maximize biogas production, 

highlighting the complexity and time required to achieve a functional system balance (Biswabandhu and 

Debabrata, 2016). In emerging countries, such as Mexico and other Latin American nations, anaerobic digestion 

is primarily implemented in small-scale reactors, commonly called domestic or rural biodigesters. These reactors 

generally lack heating systems and operate at ambient temperatures, which vary significantly throughout the year. 

These conditions can affect process efficiency due to the microorganisms' sensitivity to thermal fluctuations, 

posing a challenge to maintaining stability and productivity in these facilities (Anaya-Reza et al., 2024). Reactors 

operating at lower temperatures experienced stability issues due to the accumulation of volatile fatty acids, which 

resulted from a reduced metabolic rate of methanogenic bacteria. Therefore, it is recommended not to exceed an 

organic loading rate of 2 gVS/L·d under mesophilic conditions (Ossa-Arias and González-Martínez, 2021). 

This research focuses on the startup of a semi-continuous wet anaerobic reactor and its subsequent operation 

under variable temperatures, using the organic fraction of municipal solid waste (OFMSW) as substrate. 
 

Materials and methods 

The methodology is divided into two stages: 1) the startup of the reactor at a constant temperature of 32°C after 

inoculating with granular sludge from a large brewery and 2) after reaching stability, operation with decreasing 

temperature from 32°C to 21°C at a rate of 1°C per week. OFMSW was obtained from the Coyoacán transfer 

station in Mexico City and processed using an extruder and a plate mill to achieve a homogeneous particle size of 

approximately 1 mm. The inoculum consisted of anaerobic sludge from a brewery wastewater treatment. The 

experiment was conducted in a jacketed glass reactor with a total capacity of 5 L, and an effective volume of 4 L. 

Measuring biogas production was made with an AMPTS II (Bioprocess Control, Sweden) biogas meter, while 

methane content in the biogas was determined via gas chromatography. Additionally, the pH and alkalinity in the 

reactor were analyzed using a pH meter, and volatile fatty acids (VFA) concentration was periodically monitored 

by chromatography. Substrate feeding was made by adjusting the organic loading rate (OLR) to 1 gVS/L·d, solids 

retention time (SRT) of 30 days, feeding every seven days, and continuous mixing.  
 

Results and discussion 

Stage 1. After initiating reactor feeding, on day 18, a peak in volatile fatty acid (VFA) concentration was observed, 

reaching approximately 390 mg/L, followed by a decrease in pH, low biogas production, and a reduction in 

methane concentration (Figure 1a). These factors indicate decreased activity of methanogenic archaea. To reduce 

VFA concentration in the reactor and promote methane biogas production, on day 32, 0.336 kg of fresh sludge 

(washed and centrifuged three times) was added, with a volatile solids concentration of 99 gVS/kg of sludge, 

equivalent to a total of 33.3 g of volatile solids incorporated into the reactor. Figure 1b shows a significant decrease 

in VFA concentration and an increase in pH, along with the resumption of biogas production and an increase in 

methane concentration, reaching approximately 50%. 

By day 48, pH, which had risen after adding fresh sludge, dropped again, while VFA concentration began to 

increase. Additionally, biogas production exhibited an irregular pattern, characterized by high biogas production 

two to three days after feeding the reactor, followed by a decline in production and an increase in methane 

concentration as the week progressed. To stabilize conditions, feeding changed weekly to daily, aligning substrate 

availability with bacterial kinetics and limiting excessive VFA production (Jojoa-Unigarro and González-

Martínez, 2023). The reactor operated under these conditions until day 59 when continuous agitation was 

suspended to prevent further acidification. Although VFA concentration remained stable, pH decreased due to low 

partial alkalinity. On day 69, the particle size of the organic fraction of municipal solid waste (OFMSW) was 

increased to avoid overstimulation of hydrolysis and acidogenesis, which could lead to VFA accumulation, pH 

drop, and process failure (Kouichi, et al., 2010). By day 75, pH reached a minimum value of 6, along with a 

decrease in partial alkalinity. Simultaneously, biogas production ceased, and methane concentration in biogas 

dropped to a minimum of 25%, while VFA concentration remained stable (Norio, et al., 2012). To stabilize the 

reactor, calcium bicarbonate was added to the reactor to increase partial alkalinity and, consequently, stabilize pH. 
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The organic loading rate was reduced from 1 to 0.5 gVS/L·d. As expected, following these interventions, an increase 

in partial alkalinity was observed, followed by the reactivation of biogas production, which began to stabilize while 

methane concentration in biogas increased. From then on, pH remained stable within a range of 7 to 7.5.  

Stage 2. The reactor continued 

operating under these conditions 

from days 75-108. VFA began to 

increase from day 89, reaching a 

maximum of 600 mg/L on day 

108; biogas production remained 

constant, and methane 

concentration in biogas 

continued to increase. Figure 1 

shows that during this 

stabilization period, pH remained 

stable, likely due to the addition 

of calcium carbonate on day 75, 

which provided sufficient 

alkalinity to buffer the acidity 

generated by the increase in VFA 

concentration.  

Figure 1. a) Biogas production and methane concentration. b) VFA 

concentration and pH 

On day 115, the second experimental stage was initiated, reducing reactor temperature by 1°C, as biogas 

production and pH had remained stable, while methane content in biogas exceeded 55%. Figure 1 shows that on 

day 115, the daily biogas production volume began to increase 45 days after modifying the hydraulic retention 

time and particle size (45 days and 8 mm, respectively). On day 126, with a temperature of 30°C, methane content 

in biogas reached 60%. This increase occurred 46 days after reducing the organic load, coinciding with the solids 

retention time. On day 141, at a temperature of 28°C, the highest biogas production was recorded, reaching a total 

volume of 1,482 mL/d with a methane concentration of 79%.  

It is important to note that the second experimental phase is ongoing, and upon its completion, further analysis 

will be conducted to assess the long-term effects of temperature reduction and other operational changes. Full 

results and a detailed analysis will be available by the time of the congress presentation. 
 

Conclusions 

During the initial operation weeks, biogas production was highly unstable, and methane concentration in the gas 

remained low. The operational adjustments led to reactor stabilization, which became evident when biogas 

production increased along with methane concentration. After reaching stability, the temperature reduction did not 

disrupt the process performance. Stability was detected when methane concentration in the biogas improved, and 

biogas production increased, suggesting microbial adaptation to temperatures. Anaerobic digestion of municipal 

solid waste under lower mesophilic and psychrophilic temperatures is possible under lower temperatures.  
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