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Abstract: Inadequate management of Municipal Solid Waste (MSW) and the energy crisis due to dependence on fossil fuels (carbon and 
hydrocarbons) are growing problems in Latin American countries such as Mexico. These problems are caused by various factors, including the 
lack of infrastructure and the limited development of technologies focused on addressing these areas. In Mexico, between 37.55 and 43.84 million 
tons of MSW are generated annually, while 5,896 PJ of fossil fuels are produced in the same period, contributing strongly to environmental 
pollution due to inadequate management and procurement-use processes respectively. In order to mitigate these problems, it is necessary to 
propose dual-purpose strategies, such as anaerobic digestion, that can help in the treatment of the organic fraction of MSW (OFMSW) and at the 
same time producing biogas as a renewable energy source. For these reasons, the aim of this work was to evaluate the performance of an 
anaerobic biofilm reactor through increases in the Organic Loading Rate (OLR) using the liquid fraction of the OFMSW as a substrate for biogas 
production. An anaerobic biofilm reactor called the Anaerobic Hybrid Reactor (AHR) was used to carry out this stud. The performance of the AHR 
in four stages applying different OLR values from 5 to 21 gCOD/L.d was analyzed. Anaerobic biofilm formation, pH, %COD and %solids removal, 
alkalinity, biogas production, and methane yield were evaluated. After 119 days of reactor operation, 93.45% colonization of the inverse fluidized 
bed, 85% total and soluble COD and removals greater than 80% for TS and VS, alkalinity less than 0.3, around 20 L of biogas per day with methane 
yields of 0.31 LCH4 at STP/gCODrem were obtained. The use of high OLR allows a larger volume of OFMSW liquid fraction to be treated producing 
a greater quantity of biogas with an excellent methane yield, thus demonstrating the high efficiency of the AHR. 
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Introduction 

In Latin American countries, including Mexico, which are listed as developing countries, the management of Municipal 
Solid Waste (MSW) stands out as a growing problem due to the uncontrolled growth of cities, inadequate recycling of 
solid waste, poor management systems and infrastructure deficiencies. In Mexico, between 37.55 and 43.84 million 
tons of MSW are generated per year, of which the state of Veracruz contributes 6.5% with 2.9 million tons per year and 
the City of Orizaba produces around 30 thousand tons per year (SEMARNAT, 2017; El Sol de Orizaba, 2020). Specifically 
in Orizaba, the Emiliano Zapata Municipal Market is one of the main areas of Municipal Solid Waste (MSW) generation, 
whose composition consists of 84.17% organic waste of agricultural origin (fruits, vegetables, legumes, tubers, citrus, 
etc) and the remaining 15.83% corresponds to inorganic waste and organic waste that is very difficult to biodegrade 
(Apanco-Rosas, 2018). The organic part is known as the Organic Fraction of MSW (OFMSW) and it is necessary to 
propose strategies to facilitate its handling and final disposal due to the large volumes generated. One strategy is 
through mechanical pretreatment which helps to separate OFMSW into its solid and liquid components, leaving an 
available liquid, balanced and rich in organic matter and nutrients, which is suitable for treatment and recovery through 
biological processes such as anaerobic digestion. Therefore, the high liquid content in OFMSW makes it convenient to 
mechanically separate these wastes into their liquid and solid fractions (Alvarado-Lassman et al., 2016). In this way, the 
mechanical pretreatment helps to improve the degradation of organic matter through the activity of anaerobic 
microorganisms, in such a way that it increases the contact surface and reduces the crystallinity of the cellulose, which 
causes the sugars to hydrolyze, monomeric in less time (Mlaik et al., 2017; Ariunbaatar et al., 2014). The separation of 
MSW is carried out in a series of steps that include: 1) Manual separation of organic complex residues and inorganic 
residues from the usable organic fraction, that is, residues of agricultural origin, 2) Size reduction by crushing in a mill, 
3) The dilution of the organic matter, and 4) Filtration to separate the solid organic part and thus obtain a liquid fraction 
(Apanco-Rosas, 2018). This separation and individual processing of the liquid fraction of solid waste could significantly 
reduce the amount of waste that needs to be transported and disposed of, which causes a reduction in the capital that 
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the municipal government would spend on its treatment, since it subtracts the use of space in landfills and it is possible 
to take advantage of the biogas produced and instead of emitting it into the atmosphere (Alvarado-Lassman et al., 
2016). 
 
Another area of priority attention at the global, Latin American and Mexican levels is that the main sources of energy 
used are derived from non-renewable resources such as fossil fuels, whose production in Mexico 2020 was 5,896 PJ 
(SENER, 2020), which, together with the increase in population and continuous urbanization have generated serious 
environmental problems. At the same time, the state of Veracruz has a high potential as a biomass generator that can 
be used for bioenergy production (Nava-Pacheco et al., 2020). For this reason, it is necessary to develop strategies to 
increase the use of renewable energy sources, such as biogas produced through biological processes such as anaerobic 
digestion (Díaz-Trujillo and Nápoles-Rivera, 2019). Biogas production has proven to be a viable way to partially 
substitute fossil fuels, since its use has important economic, environmental, and social benefits (Garbs and Geldermann, 
2018). According to the National Energy Balance, in Mexico during 2020 biogas contributed with 2.53 PJ and it was used 
for the generation of electrical energy (SENER, 2020). In this respect, it is feasible for Mexico to reach a production and 
use of biogas of approximately 200 to 350 million m3 by the year 2024, and from 600 to 900 million m3 by 2030. 
According to these data, it is feasible to practically quadruple the pattern of biogas production with a normal financial 
expense of 23 million USD per year in 2024 and around 46.5 million USD per year in 2030 (Gutiérrez, 2018; Weber et 
al., 2012). The production of biogas is the result of a series of processes that are carried out under anaerobic conditions 
by groups of microorganisms (Vega-De Kuyper and Ramírez-Morales, 2014), so it is important to consider the 
composition of the material to be used as input, since it provides the complements the metabolism of the 
microorganisms in question and has a direct influence on the biogas production (Wid and Horan, 2018). 
 
In this context, some of the alternatives and infrastructure explored to minimize environmental pollution and promote 
the generation of renewable energy sources have been applied to OFMSW treatment, industrial effluent treatment, 
wastewater treatment and various liquid substrates through of biological processes. All of this has become of essential 
importance, so it is necessary to promote options that consolidate high treatment efficacy with low operation and 
maintenance costs (Lettinga et al., 1983; Cristaldi et al., 2020). Worldwide, the types of biological reactors mostly used 
for handling high Loading Rates (OLR) such as those presented by the liquid fraction of the OFMSW are: 1) Upflow 
Anaerobic Reactor and Sludge Blanket (UASB), which is presented as a suitable option for the treatment of organic 
effluents (Lorenzo-Acosta and Obaya-Abreu, 2005; Utino et al., 2022), 2) Expanded Granular Sludge Bed Reactor (EGSB) 
developed from UASB reactors, and 3) Anaerobic Biofilm Reactor, whose advantages are that it offers a greater contact 
surface between the substrate and the biomass, as well as the simple separation of the treated water from the biomass 
and a compact design (Houbron, 2012, Karadag et al., 2015). Therefore, to evaluate the efficiency of these devices, it 
is essential to determine the production and quality of biogas, methane yield, and relate these data to the OLR used 
(Lebuhn, et al., 2015). An anaerobic biofilm reactor that has shown excellent performance is a device called Anaerobic 
Hybrid Reactor (AHR). Rosas-Mendoza et al. (2018), carried out the anaerobic digestion process of effluents from the 
citrus industry using an AHR, where the production and use of biogas as an alternative energy source was evaluated. 
AHR is made-up of two sections: a Fixed Bed (FB) and an Inverse Fluidized Bed (IFB), that allow high OLRs to be handled 
minimizing the inhibition effects caused by the D-limonene of the citrus effluent. 
 
Other outstanding works using high load reactors are: Doloman et al. (2017), evaluated the changes in the composition 
of the microorganisms presents in the anaerobic co-digestion of biomass of microalgae cultivated in municipal 
wastewater. They used two UASB reactors and the operating time of the reactors was 87 days with an OLR between 
0.9 and 5.4 gCOD/L.d; Arreola-Vargas et al. (2018), estimated the performance of a Packed Bed Reactor (PBR) with a 
capacity of 445 L, in the anaerobic digestion process of tequila vinasse applying different OLRs for 231 days; Botello-
Suárez et al. (2018), studied the effects of increasing the OLR (6.1 to 18.2 gCOD/L.d) of coffee vinasse on the yield and 
microbial composition in two-stage 20 and 10 L UASB reactors. The system operated for 306 days under mesophilic 
conditions. Patel et al. (2021), focused on hydrodynamics of the hybrid upflow anaerobic sludge blanket reactors with 
different inert media and the obtained results for both the reactors indicates the intermediate degree of dispersion 
seems to be best for max substrate conversion. Cecconet et al. (2022), studied the performance evaluation of a pilot-
scale UASB reactor with a volume of 2.75 m3 for the treatment of urban wastewater at sub-mesophilic temperature of 
25 °C and the results showed that, despite lower methane production and COD removal efficiency compared to 
operation under ideal conditions, a UASB can still achieve satisfactory performance. 
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In order to provide an alternative for the reduction of MSW contributing to the generation of a renewable energy 
source such as biogas, the objective of this work was to evaluate the performance of an anaerobic biofilm reactor 
through increases in the organic loading rate using as substrate the liquid fraction of the OFMSW. 

Materials and Methods 

Experimental device 

An anaerobic biofilm reactor was used, called Anaerobic Hybrid Reactor (AHR) (Rosas-Mendoza et al., 2018). The AHR 
has two sections: 1) a Fixed Bed (FB) in the upper section, as shown in Figure 1, constructed with an acrylic tube 
containing polymeric rings with an average length of 2.76 cm as a support media and 2) an Inverse Fluidized Bed (IFB) 
in the bottom section, as shown in Figure 2, constructed with  an acrylic tube 80 cm long and with a nominal diameter 
of 8.89 cm, where a silica sand called Extendosphere™ with a diameter of 170 μm, a specific area of 20,000 m2/m3 and 
density of 0.69 kg/m3 is used as support media. 
 

  
Figure 1. Fixed Bed of the AHR. Figure 2. Inverse Fluidized Bed of the AHR. 

Inoculum and substrate 

A volume of 1,500 mL of pre-colonized Extendosphere™ support media was used as inoculum of the IFB within the 
AHR, equivalent to 36.35 ± 2.01 g of biomass (The analyzes were done in triplicate) and with a colonization of 35.93% 
on average, using as reference the maximum colonization value of 0.21 gBiomass/gSupport (Buffière et al., 2000). The 
inoculum was obtained from an anaerobic reactor that was fed with the liquid fraction of OFMSW, located in the Pilot 
Plant for Processing and Valorization of Solid Waste of the Instituto Tecnológico de Orizaba. Once the inoculum was 
obtained, it was immediately introduced into the AHR. 
 
The liquid fraction of OFMSW from fruits and vegetables was used as substrate. The OFMSWs were collected at the 
Emiliano Zapata Municipal Market in Orizaba, Veracruz, Mexico. Afterwards, the OFMSWs were separated and crushed 
in such a way that a pasty semi-solid was obtained, following the procedure of Alvarado-Lassman et al. (2016). From 
this semi-solid, the liquid part was separated and filtered to obtain a liquid fraction, which was used as a substrate in a 
pilot scale hydrolysis reactor, located in the Pilot Plant for Processing and Valorization of Solid Waste of the Instituto 
Tecnológico de Orizaba. Finally, a hydrolyzed effluent was obtained that was used as a substrate during the first days 
of the AHR start-up. After the start-up period, the liquid fraction of the OFMSW without hydrolyzing was used. In Table 
1, the characterization of the substrate used in this research is presented and the analyzes were done in triplicate. 
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Table 1. Characterization of the hydrolyzed liquid fraction and liquid fraction without hydrolyzing as substrates used. 

Parameter Unit Hydrolyzed liquid 
fraction 

Liquid fraction 
without hydrolyzing 

Total COD gCOD/L 8.63 ± 0.07 39.57 ± 0.98 
Soluble COD gCOD/L 7.99 ± 0.28 35.48 ± 0.49 
TS g/L 5.24 ± 0.18 10.6 ± 0.73 
VS g/L 1.08 ± 0.39 9.48 ± 0.69 
pH - 7.9 ± 0.60 5 ± 0.2 

Experimental methodology 

The AHR was operated for 119 days applying variations of the operational conditions was operated, through increases 
of the OLR from 5 to 21 gCOD/L.d. This process was carried out in four stages as mentioned in Table 2. The reactor was 
started up in stage 1, applying an OLR from 5 to 8 gCOD/L.d with the hydrolyzed substrate. While the stabilization was 
achieved in stage 2, an OLR around 8 gCOD/L.d was fed, using the substrate without hydrolyzing. Once the AHR was 
stabilized, two increases were made in the OLR with the substrate without hydrolyzing, i.e., in stage 3 an OLR from 15 
to 16 gCOD/L.d and in stage 4 an ORL from 20 to 21 gCOD/L.d were employed. 
 

Table 2. Duration of the four stages during the operation of the Anaerobic Hybrid Reactor. 

Stage Description OLR (gCOD/L.d) 
Operational days Duration 

(days) Beginning Final 

1 Start-up 5-8 0 26 26 
2 Stabilization 7-8 27 83 57 
3 Increment 1 15-16 84 109 25 
4 Increment 2 20-21 110 119 10 

 
The AHR was operated under mesophilic conditions of 35 °C ± 2. The substrate was monitored at the inlet and the 
outlet of the AHR. It is important to mention that during the start-up stage, the hydrolyzed liquid fraction had a pH 
higher than 7.5, since according to Jáuregui-Jáuregui et al., (2014) a substrate with alkaline pH works as a strategy to 
favor the formation of the anaerobic biofilm. However, for the three subsequent stages, the non-hydrolyzed liquid 
fraction was used, regulating the pH between 6.8 and 7.2 with a 3M NaOH solution. 

Analytical methods 

The biofilm formation development of the anaerobic biofilm was observed at 40x using a Zeiss Primo Star Binocular 
Microscope. The pH was measured with an Orion Model 250A potentiometer. Alpha alkalinity was determined by the 
method described by Bernard et al., (2000). Total Chemical Oxygen Demand (CODT) and  soluble COD (CODS) were 
determined by the colorimetric method (APHA, 2005) using a HACH spectrophotometer at 620 nm. Total solids (TS) 
and volatile solids (VS) by the gravimetric method (APHA, 2005) were determined, using a Riossa oven and a 
Barnstead/Themolyne muffle. Similarly, according to common laboratory practices, the content of biomass present in 
the FB and in the IFB was measured as VS. The biogas composition was measured on a Buck 310 gas chromatograph 
equipped with an AllTech CRT I packed column (6” long and 0.25” diameter), and it detected  CH4, CO2, O2, and  N2. A 
2-mL sample was injected directly into the packed column. The operating conditions were as follows: Helium at 70 psi 
was used as the carrier gas, the temperature of the column was 36 °C, and the temperature of the detector was 121 °C 
(Rosas-Mendoza et al., 2018). 
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AHR performance evaluation 

The performance of the AHR in each stage was evaluated through the removal percentages of parameters such as: total 
and soluble COD, TS and VS. Similarly, the pH, alkalinity and methane yield were monitored. The criteria to know if each 
stage had reached its stable phase were: removal of COD and solids greater than 80%, pH close to 7, alkalinity less than 
0.3, and methane yield close to the theoretical value of 0.35 LCH4 at STP/gCODrem. 

Results and Discussion 

The results obtained for the performance evaluation of the AHR are described below: 

Biofilm development of the AHR 

As mentioned above, samples of Extendosphere™ support media were taken from the upper, middle and bottom 
sections of the IFB and the content of volatile matter adhered to the support media was determined, that is; the amount 
of biomass that makes up the anaerobic biofilm. At the beginning of stage 1, the upper, middle and bottom sections 
had 0.0248, 0.0227 and 0.0252 gBiomass/mLSupport, respectively, which are equivalent to 36.35 g biomass on average, 
which corresponds to a 35.93% colonization on average. At the end of stage 1, there was an increase in the 
development of the anaerobic biofilm reaching 46.25% colonization on average. Continuing with the AHR operation, 
by the end of stages 2 and 3, 50.83 and 82.48% colonization were reached on average, respectively. After 119 days of 
operation, to conclude with stage 4, the content of gBiomass/mLSupport for the upper, middle and bottom sections 
was 0.0474, 0.0464 and 0.0423, respectively. The above is equivalent to 94.63, 90.37 and 95.37% colonization for each 
section of the IFB. In Table 3, the anaerobic biofilm formation is presented. 

Table 3. Monitoring of biofilm development inside the three sections of the IFB during the operation of the AHR. 

Section of the IFB Time 
(d) 

Biomass/Support 
(g/g) 

Biomass/Supoort 
(g/mL) 

Colonization 
(%) 

Upper section 

1 0.0760 0.0248 36.19 
25 0.1050 0.0247 50.00 
83 0.1198 0.0341 57.03 

109 0.1820 0.0399 86.70 
119 0.1987 0.0474 94.63 

Middle section 

1 0.0744 0.0227 35.44 

25 0.0853 0.0269 40.60 
83 0.0864 0.0262 41.15 

109 0.1671 0.0273 76.93 
119 0.1898 0.0464 90.37 

Bottom section 

1 0.0760 0.0252 36.18 
25 0.1011 0.0279 48.16 
83 0.1140 0.0277 54.30 

109 0.1761 0.0211 83.80 
119 0.2003 0.0423 95.37 

 
The fact that the upper and bottom sections presented higher colonization is due to the direct contact of the anaerobic 
biofilm with the substrate, while the middle section showed less colonization due to low fluidization velocities. In this 
sense, Trinet et al. (1991), mention that this benefits the formation of a thick biofilm with a greater amount of active 
biomass, in the outer layers such as the upper and bottom sections, which consume large amounts of substrate. 
 
The anaerobic biofilm, being a microscopic structure, can be observed through micrographs, whose evolution is shown 
in Figure 3. The structure of the anaerobic biofilm is observed as microbial biomass irregularly adhered to the surface 
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of Extendospheres, this structure benefits the mass transfer towards the microbial populations of the lower sections 
and that, in addition, makes it more resistant to the occurrence of washing out of the microorganisms due to the 
fluidization of the substrate (Okabe et al., 1998). In Figure 3, a more populated and thicker layer can be observed in the 
micrographs of the upper and bottom sections after 119 days of the AHR operation, which corresponds to the results 
mentioned above, where these sections are the ones with the highest colonization. A thick biofilm enables a 
combination of anaerobic metabolisms that can give a greater efficiency to the AHR. In contrast, the literature mentions 
that a thin biofilm, such as those observed in the middle section, favors the treatment of the substrate due to a greater 
exchange of nutrients (Beyenal and Lewandowsky, 2000). 
 

 
Figure 3. Evolution of the anaerobic biofilm adhered to the support media Extendosphere™ inside the inverse fluidized bed. 

AHR performance evaluation 

During stage 1, from days 1 to 27, the hydrolyzed substrate was used, which presented a high pH, this is attributed to 
the fact that the organic matter of the liquid fraction of the OFMSW was apparently already degraded. Lohani and 

Start up 
Day 1

End of the stage 1
Day 26

End of the stage 2
Day 83

End of the stage 3
Day 109

End of the stage 4
Day 119

Upper section Middle section Bottom section
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Havukainen (2018), mention that pH values higher than 8 inhibit biological functions for anaerobic microorganisms, 
since during this stage there was no biogas production. However, as mentioned above, Jáuregui-Jáuregui et al. (2014) 
highlight that a substrate with alkaline pH works as a starting strategy to favor biofilm formation, which was observed 
in the increase in colonization from 35.93 to 46.25%. 
 
To mitigate the effect of high pH, Ostrem et al. (2004), mention that the addition of fresh substrate regulates the pH 
levels. So, from stage 2 onwards substrate without hydrolyzing was used, but ensuring the pH control close to neutrality 
through the addition of a 3M NaOH solution, because the fresh substrate had pH values between 4.9 and 5.2. Table 4 
shows that for stages 2, 3 and 4 the average pH values were 7.33, 7.74 and 7.44, respectively, which also favored the 
production of biogas. Hussain et al. (2021), report that the appropriate pH level to favor biogas production should be 
in a range of 6.4 to 7.6. 

Table 4. Results of the Anaerobic Hybrid Reactor performance at the end of each stage. 

Parameter Stage 1 Stage 2 Stage 3 Stage 4 

pH 8.31 7.33 7.74 7.44 
Total COD removal (%) 18.80 96.10 86.70 92.80 
Soluble COD removal (%) 3.33 98.50 88.90 97.80 
TS removal (%) 31.90 90.60 82.80 60.90 
VS removal (%) 27.80 94.80 85.20 66.50 
Alkalinity (factor α) --- 0.143 0.230 0.067 
Biogas production (L/día) --- 6.60 15.30 20.70 
Methane yield (LCH4/gCODrem) --- 0.33 0.33 0.31 

 
The values of the CODT and CODS removal percentages during the first days of operation ranged from 18.80 and 3.33%, 
respectively, which made this stage quite unstable. After this, in stage 2, the biological system began to show significant 
improvements, obtaining 96.10% removal of CODT and 98.50% removal of CODS. With the stable pH and COD removals, 
the OLR was increased on stage 3 and the removals decreased to 86.70 and 88.90%, respectively, however, it is shown 
that the AHR can tolerate high organic concentrations and maintain high levels of COD removal. Despite this fact, 
another OLR increase for stage 4 was made and at the end of this, 92.80% CODT removal and 97.80% CODS removal 
were obtained, as shown in Table 4. Akunna (2019), highlights that the growth of microorganisms is influenced by 
factors such as pH, the variable composition of the inlet substrate and variations of OLR. On the other hand, the total 
and volatile solids removal percentages showed a similar trend to the total and soluble COD removal percentages as 
shown in Table 4. It is important to mention that for stage 4 this percentage decreased due to the fact that the OLR 
between 20 and 21 gCOD/L.d was handled, so the substrate had a higher presence of solids. 
 
The alkalinity factor α is a parameter that indicates the stability of the process given by the ratio of intermediate and 
total alkalinities, which must be less than 0.3. Thanks to this factor, it is possible to prevent an acidification of the 
system due to the presence of volatile fatty acids (Bernard et al., 2000). From stage 2 to stage 4 there was an alkalinity 
value lower than 0.3, which indicated stability during the AHR operation. Foresti (1994) and Liu et al. (2021), also 
mention that this index, being strongly related to the type of substrate, makes it possible to achieve process stability 
with values different from the reference value (α<0.3). 
 
Finally, the consumption of organic matter by the anaerobic biofilm, in addition to influencing the increase in the 
colonization percentage of the IFB, also influenced the biogas production and better methane yields, as shown in Table 
4. It was observed a direct relationship between the increase of OLR with the production of biogas, since increasing the 
OLR at the end of stages 2, 3 and 4, 6.60, 15.30 and 20.70 LBiogas at STP per day were obtained. It had previously been 
mentioned that during stage 1 there was no detectable biogas production. Regarding the methane yield, in Table 4 
values very close to the theoretical one of 0.35 LCH4 at STP/gCODrem can be observed, with a slight decrease being 
evident for stage 4. 
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Conclusions 

The performance of an Anaerobic Hybrid Reactor, which is made-up of a Fixed Bed and an Inverse Fluidized Bed, was 
evaluated. The increases of the OLR, from 5 to 21 gCOD/L.d, in four stages were carried out. The AHR, in stage 1, with 
pre-colonized Extendosphere™ support with 36.35 g biomass, equivalent to 35.93% colonization on average, was 
inoculated. After 119 days of operation, at the end of stage 4, the AHR reached 68.05 g biomass in the inverse fluidized 
bed, equivalent to a 93.45% colonization on average. Once the start-up of the AHR was completed, at the conclusion 
of stages 2, 3 and 4, there were removals greater than 85% of total and soluble COD, removals larger than 80% of TS 
and VS (except during stage 4), and alkalinities less than 0.3. Regarding biogas production, 6.60, 15.30 and 20.70 L for 
stages 2, 3 and 4, respectively, was achieved, observing a close relationship with the increases in OLR. Finally, the 
methane yield 0.33 LCH4 at STP/gCODrem for stages 2 and 3 was obtained, while for stage 4 this value had a slight 
decrease, about 0.31 LCH4 at STP/gCODrem, observing that these results were close to the theoretical value. The AHR, 
being a biofilm reactor, proved to be a device that withstood large increases in OLR, and the anaerobic biofilm 
presented a quick recovery from the stress suffered by operational changes. The management of high organic loading 
rates allows treating a greater amount of the liquid fraction of OFMSW, contributing to the reduction of waste in 
landfills, in addition to the production of a renewable energy source such as biogas rich in methane. 
 
As future work, the study of the dynamics of microbial populations of the anaerobic biofilm will be carried out through 
the aforementioned operational changes. 
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