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Abstract—Anaerobic Digestion (AD) has become a viable way
to manage agricultural waste and produce renewable energy
simultaneously. Cow dung is a particularly notable feedstock in
this expanding field of study because of its high organic content,
accessibility, and dual use as an energy source and animal waste.
This study examines the effectiveness of using controlled
anaerobic digestion to produce biogas from cow dung. The
justification for using cow dung is due to it will assist the cattle
industry developing a circular economy by lowering greenhouse
gas emissions, enhancing waste management techniques, and
promoting decentralised power systems. The performance of the
AD process was assessed through the analysis of Total Solids (TS),
Volatile Solids (VS), Chemical Oxygen Demand (COD), and
Volatile Fatty Acids (VFA). Initially in the digestive process, a
significant rise in VFA levels suggested that hydrolysis,
acidogenesis, and acetogenesis were all actively proceeding. After
40 days of digestion, biogas tests showed a methane content of up
to 60%, indicating that methane generation peaked during the
methanogenesis period. Significant drops in TS and VS (between
92% and 99%) provided further verification of the high level of
organic matter decomposition. Furthermore, 96.4% COD
removal was achieved, highlighting the effective breakdown and
conversion of organic material into CO: and CHs, which are
components of biogas. These results demonstrate the energy and
environmental advantages of anaerobic digestion as a green
waste-to-energy technology and support the feasibility of using
cow dung as a feedstock for biogas generation.

Keywords—anaerobic Digester, biogas, cow manure, total
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I. INTRODUCTION

Qatar’s arid climate and limited cultivable land, combined
with scarce freshwater resources, significantly constrain
agricultural productivity, making the country heavily reliant
on food imports to meet local demand [1]. Despite these
limitations, agricultural operations such as greenhouse
farming and livestock rearing have been expanding to
enhance food security. However, these activities generate
substantial organic waste, including crop residues, food
processing byproducts, and animal manure, which, if not
managed properly, pose serious environmental threats [2, 3].
According to the Ministry of Municipality and Environment
(MME), Qatar produces an estimated 150,000 to 200,000 tons
of agricultural waste annually, much of which is either
dumped in landfills or openly burned, leading to severe
environmental repercussions [4].

The above issue highlights the importance of identifying
feasible and environmentally friendly waste management
solutions in Qatar [5]. Anaerobic digestion, which converts
organic waste into biogas a renewable energy offers a reliable
solution. Particularly in hot, dry climates like Qatar’s,
anaerobic digestion is more effective than conventional
decomposition, as it relies less on water and favorable
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weather conditions and in some cases can operate as a dry
anaerobic digestion [6].

Improper disposal of organic waste contributes to multiple
environmental challenges, including methane emissions from
anaerobic decomposition in landfills, leachate contamination
of groundwater, and increased insect and pest populations, all
of which exacerbate climate change effects [7]. Methane, a
greenhouse gas that is 25 times more potent than carbon
dioxide in terms of global warming potential, is a significant
byproduct of organic waste decomposition [8]. Additionally,
the region’s extreme heat and limited water availability
hinder traditional composting processes, making it difficult to
establish sustainable waste management practices [9]. The
absence of a comprehensive recycling infrastructure further
exacerbates the problem, necessitating innovative solutions
that align with Qatar’s sustainability objectives outlined in
the National Vision 2030 [3].

One promising approach to mitigating these challenges is
the adoption of a circular economy strategy, which prioritizes
waste reduction, recycling, and resource recovery. A key
solution involves converting agricultural waste into valuable
byproducts such as biogas and nutrient-rich digestate through
Anaerobic Digestion (AD) [10]. AD offers multiple
advantages, including renewable energy production, carbon
footprint reduction, and improved soil health through organic
fertilizers [11]. Among various AD technologies, the
Continuous Stirred Tank Reactor (CSTR) is widely
recognized for its efficiency and operational flexibility. In
this system, organic substrates are continuously introduced
into the reactor while digested material is simultaneously
removed, ensuring a steady-state process that optimizes
biogas yield [12].

The CSTR technology presents several advantages:
efficient mixing that enhances microbial activity, consistent
biogas production, adaptability to various feedstocks, thermal
stability, production of high-quality digestate, ease of
maintenance, and potential for automation and scalability
[13]. Studies indicate that CSTR-based biogas production
could offset up to 30% of Qatar’s energy demand from
renewable sources, contributing to the country’s goal of
reducing reliance on fossil fuels [14]. Additionally,
integrating anaerobic digestion with wastewater treatment
and agricultural systems can enhance water reuse efficiency,
further addressing the country’s pressing water scarcity
challenges [15].

By implementing sustainable waste management strategies
such as anaerobic digestion and leveraging advanced reactor
technologies like CSTR, Qatar can transform its agricultural
waste into valuable resources. This not only mitigates
environmental pollution and greenhouse gas emissions but
also supports economic growth by creating new opportunities
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in renewable energy, organic fertilizer production, and
sustainable agriculture. Future research and policy initiatives
should focus on improving waste collection efficiency,
developing incentives for biogas production, and enhancing
public-private collaborations to drive sustainable waste-to-
energy initiatives in the region [16].

The aim of this experiment is to produce sustainable
process which include recycling food waste to valuable
byproduct which is the biogas production that will reduce the
usage of fossil fuels.

II.  MATERIALS AND METHODS

A. Feedstock Preparation

Cow manure was collected from a local farm in Qatar
(Heenat Salma farm). The cow dung was mixed with water
and filtered from undesired components such as stones, sand,
feedstocks. The Totals Solids % (TS) and Volatile Solids %
(VS) were measured for the cow dung to determine the
inoculum contents and they were 7.2%, 5%, respectively. The
C/N ratio using CHNS analyzer using FLASH 2000 CHNS/O
Analyzer (Thermo Scientific, USA) for the FW and digestate
19.29 and 6.06, respectively.

B. Experimental Setup

A jacketed Continuous Stirred Tank Reactor (CSTR) with
an external heater to regulate the Anaerobic Digestion (AD)
process’s temperature was used in this investigation.
Operating parameters for the reactor include a pH range of
6.5 to 7.5, a temperature of 39 °C, and a mixing speed of 60
RPM. The CSTR can hold one liter and has a 150-day
hydraulic retention period.

The design of the reactor has several openings, each one
has a specific function and is sealed properly to maintain
anaerobic conditions. The top port is used to release the
produced gas and is connected to a tedlar gas bag, with one
way valve to prevent air from entering. Other ports are used
for feeding the reactor, sampling the digestate for tests like
pH, COD, VFA, TS, and VS, and for water circulation to
maintain the temperature required. All these ports are tightly
closed with rubber stoppers or valves after use. One port is
used to insert a temperature probe to monitor the internal
conditions, and the top center is connected to a motor for
stirring, which is also sealed to prevent any leakage. Before
starting the digestion, the reactor is flushed with nitrogen to
remove any oxygen. During operation, the gas pressure inside
the reactor helps keep outside air from getting in. as seen in
the CSTR digester’s operating setup and design (Fig. 1).
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Fig. 1. Anaerobic digester (CSTR).
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For the first 5 days, the organic loading rate (OLR) is
initially set at 0.9 gVS/L/day. The OLR is raised to 1.5
gVS/L/day after a steady state is reached, with additional
increases scheduled after consecutive steady states are
reached.

C. Methodology of Analysis

To monitor the efficiency of anaerobic digestion of cow
dung, several key parameters were analyzed, including Total
Solids (TS), Volatile Solids (VS), Chemical Oxygen Demand
(COD), and Volatile Fatty Acids (VFA).

The TS and VS were determined using standard
gravimetric techniques 2540B and 2540D, respectively [17].
A pre-weighed porcelain crucible containing around 50 mL
of properly mixed digestate was dried for 24 h at 105°C in an
oven. To calculate the total solids, the crucible was weighed
after cooling in a desiccator. To eliminate the organic
material, the same sample was subsequently heated to 550°C
for 2 h in a muffle furnace. The crucible was weighed once
again to determine the ash weight following a second cooling,
and the volatile solids were determined by subtracting the ash
weight from the total solids.

Using HACH high-range COD digestion vials, the
Chemical Oxygen Demand (COD) was measured (0—1000
mg/L) [18]. To achieve a clear liquid, the digestate samples
were first centrifuged. A clean pipette was then used to
introduce 2 mL of the filtered material to a COD vial. 2 mL
of distilled water were used to create a blank. After being
sealed, the vials were heated to 150 °C for 2 h in a HACH
digesting reactor. A HACH DR3900 spectrophotometer was
used to read the vials at 620 nm after they had cooled to room
temperature. The sample was diluted appropriately since the
COD value was higher than the top limit of the kit. The final
value was determined by multiplying the reading by the
dilution factor 100.

Titration was used to determine Volatile Fatty Acids (VFA)
and Alkalinity using the standard method 2310B and 2320B,
respectively with minor modification [17]. First, suspended
particles were removed out of the digestate sample by
centrifugation. After then, 0.1 N hydrochloric acid (HCI) was
added to a 50 mL of the filtrate while being continuously
stirred. The amount of acid needed to get the pH down to 4.0
and subsequently to 3.3—3.5 was measured after the pH was
steadily decreased. A standard method that takes into
consideration the volume of acid used between these two pH
points was utilized for calculating the VFA concentration. A
trustworthy indicator of acid buildup during the acidogenesis
stage of digestion was offered by this titration technique. The
same filtered sample was then titrated with 0.1 N sodium
hydroxide (NaOH) solution to evaluate alkalinity. Until the
pH reached 4 then 7, which indicates complete alkalinity,
mainly due to bicarbonates, the sample was stirred and
titrated. Afterwards, the VFA/Alkalinity ratio was obtained
as a reactor stability indicator. While levels above 0.4 may
signal the start of process imbalance brought on by acid
buildup, a ratio below 0.3 is generally regarded as stable.

II1.

The biogas production of our study used a tedlar bag with
a 0.5 L and 1 L volume capacity before growing to a 5 L
capacity as biogas production advanced, demonstrated

RESULTS AND DISCUSSION
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effective biogas production in the CSTR anaerobic digester.
The biogas’s methane content progressively rose to 60%, CO:
peaked at 33%, and oxygen dropped from 16.9% to 3.3%.
Within a week, a total volume of 5000 mL of biogas was
recorded, suggesting strong levels of production. These
findings imply that there is no air leakage into the system and
that methanogen activity is efficient (Fig. 2).
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Fig. 2. Biogas percentage analysis produced in CSTR.

Comparatively, other studies have reported similar trends
in biogas composition and production efficiency. For instance,
a study on biogas production from tea waste using 10-L
digesters found that the methane content ranged from 60% to
65%, with a yield of 0.2 L/g of feedstock [19]. Another study
on biogas production from various feedstocks in California
reported methane content between 50% and 75%, with carbon
dioxide levels ranging from 25% to 50% [20]. These results
align with the observed methane and CO- levels in the Tedlar
bag experiment, indicating consistent methanogen activity
across different substrates and conditions.

Additionally, research on biogas production from banana
peels and rabbit manure demonstrated a high methane content
of 70.56%, with other gases such as nitrogen (14.33%) and
hydrogen (9.61%) also present [21]. This further supports the
efficiency of anaerobic digestion in producing methane-rich
biogas, regardless of the feedstock used. A study on biogas
production from food waste using a 20-L anaerobic digester
reported a methane content of 55-60% and a biogas yield of
0.45 L/g of feedstock. The CO: content was around 35%, and
the oxygen levels were negligible [22]. This aligns with the
experiment studied in our lab, showing similar methane and
CO: levels.

Research on biogas production from dairy manure in a
15-L digester found methane content ranging from 50% to
65%, with CO: levels between 30% and 40%. The biogas
yield was 0.3 L/g of feedstock [23]. These results are
comparable to our experiment, indicating efficient
methanogen activity. Another study on biogas production
from sewage sludge using a 10-L digester reported methane
content of 60—70% and CO: levels of 25-30%. The biogas
yield was 0.25 L/g of feedstock [24]. This supports the
findings of our biogas production from the experimental work
of our paper.

Higher volume digester, using a 25-L digester, this study
processed agricultural waste, achieving methane content of
55-65% and COx2 levels of 30-35%. The biogas yield was 0.4
L/g of feedstock. The research highlighted the potential of
agricultural residues as a sustainable energy source [25]. In
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addition, a study used a 30-L digester to process municipal
solid waste. Methane content was 50—60%, with CO: levels
of 35-40%. The biogas yield was 0.35 L/g of feedstock. The
study emphasized the importance of feedstock preparation
and co-digestion techniques to enhance biogas production
[26]. Furthermore, an experimental paper conducted a 20-L
digester, containing processed rice straw, achieving methane
content of 55-60% and CO: levels of 30-35%. The biogas
yield was 0.3 L/g of feedstock. The research focused on the
microbial community dynamics and the importance of
pretreatment for efficient biogas production [27].

Moreover, a study used a 15-L digester to process corn
stover, achieving methane content of 60-65% and CO- levels
of 25-30%. The biogas yield was 0.4 L/g of feedstock. The
research highlighted the benefits of pretreatment methods to
enhance biodegradability and biogas yield [28]. Using a 10-
L digester, this study processed poultry litter, achieving
methane content of 50-55% and CO: levels of 35-40%. The
biogas yield was 0.25 L/g of feedstock. The study discussed
the potential of poultry litter as a renewable energy source
and the importance of impurity removal for improved biogas
quality [29].

Research utilized a 25-L digester to process sugarcane
bagasse, achieving methane content of 55-60% and CO:
levels of 30-35%. The biogas yield was 0.35 L/g of feedstock.
The study emphasized the kinetic challenges and the
importance of co-digestion with other substrates to enhance
biogas production [30]. Additionally, a 20-L digester, this
study processed wheat straw, achieving methane content of
60—65% and CO2 levels of 25-30%. The biogas yield was 0.3
L/g of feedstock. The research focused on the community
structure of cellulose-degrading bacteria and the benefits of
pretreatment for improved biogas yield [31]. Overall, the
findings from our experiment are consistent with other
studies, reinforcing the reliability of anaerobic digestion for
efficient biogas production with high methane content and
minimal oxygen presence.

The biogas production in our study showed methane levels
reaching 60%, which aligns with multiple studies reporting
methane content between 50% and 70%. Similar CO: levels
were observed, with our study peaking at 33%, while other
studies reported a range of 25% to 40%. The efficient
methanogen activity in our experiment is also supported by
previous research on different feedstocks, such as tea waste,
banana peels, dairy manure, and sewage sludge, which
demonstrated comparable methane and CO: levels.
Additionally, biogas yields in our study are in line with those
reported in other research, with values ranging between 0.2—
0.45 L/g of feedstock. This indicates that anaerobic digestion
maintains a consistent production efficiency across various
conditions and substrates.

Despite these similarities, there are notable differences in
digester volume, feedstock, and methodology. Our
experiment used a small scale CSTR digester system starting
at 0.5 L and increasing to 5 L, whereas other studies primarily
utilized digesters ranging from 10 L to 30 L, which allowed
for greater feedstock processing. Our study included all
different kind of waste such as fruit and vegetable waste
feedstock used, other research focused on diverse materials
such as food waste, poultry litter, and agricultural residues,
which influenced methane yield and CO: levels. Another key
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difference is the oxygen reduction trend; our study observed
a drop from 16.9% to 3.3%, whereas most other studies only
mentioned negligible oxygen levels without tracking the
decrease. Furthermore, while some studies emphasized
microbial community dynamics, pretreatment methods, or
co-digestion techniques, our research primarily focused on
gas composition and production trends.

Substrate degradation can be measured by COD reduction,
VS/TS (Volatile Solids/Total Solids) removal efficiency. In
the COD removal percentages are high, exceeding 89%, with
some samples showing up to 96.4% removal. The variations
in effluent COD suggest effective digestion as seen in Fig. 3.
In the third sample the COD removal % decreased to reach
82.6%. This is due to the increase in the OLR ratio. Therefore,
differences in effluent COD levels between samples may
arise from factors such as feedstock composition, retention
time, or reactor conditions, similarly seen in other study [32].
These variations provide insight into the adaptability and
reliability of the digestion process under varying conditions.
These measurements not only validate the effectiveness of the
anaerobic digestion process but also serve as diagnostic tools
for optimizing reactor performance and ensuring sustainable
biogas production.

COD removal %
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Fig. 3. COD removal % of CSTR samples.

Comparatively, other studies have reported similar trends
in COD reduction and VS/TS removal efficiency. For
instance, a study on biogas production from food waste using
a 20-L anaerobic digester reported COD removal efficiencies
of 85-90%, with VS removal efficiencies ranging from 70—
80% [33]. Another study on biogas production from dairy
manure in a 15-L digester found COD removal efficiencies of
80-85% and VS removal efficiencies of 65-75% [34]. These
results align with the observed COD and VS/TS removal
efficiencies in the current study, indicating consistent
substrate degradation across different feedstocks and
conditions.

Additionally, research on biogas production from sewage
sludge demonstrated COD removal efficiencies of 82-88%
and VS removal efficiencies of 68-78% [35]. This further
supports the effectiveness of anaerobic digestion in achieving
high substrate degradation, regardless of the feedstock used.
Other studies have shown variations in COD and VS/TS
removal efficiencies due to differences in feedstock
composition, retention time, and reactor conditions. For
example, a study on biogas production from agricultural
waste reported COD removal efficiencies of 75-85% and VS
removal efficiencies of 60-70% [36]. Another study on
biogas production from municipal solid waste found COD
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removal efficiencies of 78-88% and VS removal efficiencies
of 65-75% [37]. These variations highlight the importance of
optimizing reactor conditions to achieve consistent substrate
degradation.

Research on biogas production from rice straw reported
COD removal efficiencies of 80-85% and VS removal
efficiencies of 70-75% [38]. Similarly, a study on biogas
production from corn stover found COD removal efficiencies
of 82-87% and VS removal efficiencies of 68—73% [39].
These results are comparable to the current study, showing
efficient substrate degradation. Studies on biogas production
from poultry litter demonstrated COD removal efficiencies of
75-80% and VS removal efficiencies of 60-65% [40].
Research on biogas production from sugarcane bagasse
reported COD removal efficiencies of 78-83% and VS
removal efficiencies of 65-70% [41]. These findings further
support the effectiveness of anaerobic digestion in achieving
high substrate degradation. Finally, a study on biogas
production from wheat straw found COD removal
efficiencies of 80-85% and VS removal efficiencies of 70-75%
[31]. These results align with the current study, indicating
consistent substrate degradation across different feedstocks
and conditions. Overall, the findings from the current study
are consistent with other studies, reinforcing the reliability of
anaerobic digestion for efficient substrate degradation with
high COD and VS/TS removal efficiencies.

Nonetheless, there are notable differences in reactor setups,
operational conditions, and feedstock types. The OLR ratio
increase in this study resulted in a decline in COD removal in
the third sample. For example, the effect of the Organic
Loading Rate (OLR) on COD removal efficiency varies
across different studies, but generally, higher OLRs can lead
to decreased COD removal efficiency due to overloading the
anaerobic digestion system. For instance, a study on biogas
production from food waste found that increasing the OLR
led to a decrease in COD removal efficiency, with values
dropping from 85-90% at an OLR of 4 kg COD/m?-d to 75—
80% at 6 kg COD/m?*-d [42]. Similarly, research on dairy
manure showed the highest COD removal efficiency of 85%
at an OLR of 2 kg COD/m?-d, which decreased to 70—75% at
4 kg COD/m?*-d [43]. Studies on sewage sludge indicated
COD removal efficiencies of 82—-88% at lower OLRs (1-2 kg
COD/m?-d), which dropped to 70-75% at 3 kg COD/m?3-d
[44]. Research on agricultural waste reported COD removal
efficiencies of 75-85% at an OLR of 3 kg COD/m?*-d,
decreasing to 65-70% at 5 kg COD/m*-d [25]. Similarly,
biogas production from municipal solid waste showed COD
removal efficiencies of 78-88% at 2 kg COD/m*-d, which
decreased to 70-75% at 4 kg COD/m?-d [45]. Studies on rice
straw reported COD removal efficiencies of 80-85% at an
OLR of 3 kg COD/m*d, dropping to 70-75% at 5 kg
COD/m3-d [46]. Research on corn stover found COD removal
efficiencies of 82—87% at 2 kg COD/m?*-d, decreasing to 68-
73% at 4 kg COD/m*-d [47]. Studies on poultry litter
demonstrated COD removal efficiencies of 75-80% at an
OLR of 1.5 kg COD/m?-d, which dropped to 60—-65% at 3 kg
COD/m*-d [29]. Research on sugarcane bagasse indicated
COD removal efficiencies of 78-83% at 2 kg COD/m?-d,
decreasing to 65-70% at 4 kg COD/m?*-d [30]. Finally,
studies on wheat straw found COD removal efficiencies of
80-85% at an OLR of 2.5 kg COD/m?-d, which decreased to
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70-75% at 5 kg COD/m?3-d [31]. These studies collectively
suggest that while increasing the OLR can enhance biogas
production, it often leads to a decrease in COD removal
efficiency due to the overloading of the anaerobic digestion
system. Optimizing the OLR is crucial for maintaining high
COD removal efficiency and stable reactor performance.

Fig. 4 illustrates that the removal efficiency of volatile
solids (VS) can reach up to 99.68%, suggesting excellent
organic matter breakdown, while the removal efficiency of
total solids (TS) varies from 93% to 98.55%, depending on
the sample. The percentages of TS elimination in this
experiment are higher than those in another research. One
study, for example, found that VS and TS decreased by 68%
and 66.7%, respectively [19]. The greatest TS elimination at
the lowest temperature of 45°C was 65.45% [20], which is
lower than the results of this investigation and necessitates
more energy and money because of the higher temperature.

Comparatively, other studies have reported varying VS and
TS removal efficiencies under different conditions. For
instance, a study on biogas production from sewage sludge
reported VS removal efficiencies of 82-88% and TS removal
efficiencies of 70-75% at lower OLRs (1-2 kg COD/m?-d)
[48]. Another study on biogas production from agricultural
waste found VS removal efficiencies of 75-85% and TS
removal efficiencies of 65-70% at an OLR of 3 kg COD/m?-d
[49]. These results are lower than the current study, indicating
the effectiveness of the anaerobic digestion process used.
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Fig. 4. TS and VS removal % of CSTR samples.

Research on biogas production from municipal solid waste
demonstrated VS removal efficiencies of 78-88% and TS
removal efficiencies of 70-75% at an OLR of 2 kg COD/m?-d
[44]. Similarly, a study on biogas production from rice straw
reported VS removal efficiencies of 80-85% and TS removal
efficiencies of 70-75% at an OLR of 3 kg COD/m?-d. These
findings are consistent with the current study, showing
efficient organic matter breakdown.

These variations highlight the importance of optimizing
reactor conditions to achieve consistent substrate degradation.
The results from literature studies align with the current study,
indicating consistent substrate degradation across different
feedstocks and conditions. The findings from literature
support the effectiveness of anaerobic digestion in achieving
high substrate degradation. Overall, the outcomes from the
current study are consistent with other studies, reinforcing the
reliability of anaerobic digestion for efficient substrate
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degradation with high VS and TS removal efficiencies.

The ratio of Volatile Fatty Acids (VFA) to alkalinity
(VFA/Alkalinity) ranges between 9.8 in the starting period
and decreased to reach 0.1 and in the sample data, indicating
a high stability level in the anaerobic digestion process after
10 days. Nevertheless, the Total alkalinity levels decrease
with increasing VFA concentrations and vice versa as can be
seen in Fig. 5. Compared to another study regarding AD
system and the results of VFA/Alkalinity ratio, their values
were higher reaching 1.3 which higher than our lowest value
0.1 [50]. Thus, the AD system in this paper has low
acidogenesis reaction and production of VFA and higher
production of methane gas.

VFA and Alkalinity
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Fig. 5. VFA and Alkalinity results of CSTR samples.

Comparatively, other studies have reported varying
VFA/Alkalinity ratios under different conditions. For
instance, a study on biogas production from palm nut paste
waste and anaerobic-digested rumen waste found that the
VFA/Alkalinity ratio ranged from 0.32 to 1.0, indicating
stable biogas production2. Another study on thermophilic
anaerobic  digestion of sewage sludge reported
VFA/Alkalinity ratios between 0.5 and 1.2, with higher ratios
leading to process instability3. These results are higher than
the current study, suggesting better stability in our system.

Research on biogas production from sugar beet silage
showed that the VFA/Alkalinity ratio increased immediately
after feeding but stabilized at lower values, indicating
effective process control4. Similarly, a study on
lignocellulosic biomass conversion to VFA reported that
maintaining a low VFA/Alkalinity ratio was crucial for
preventing acidification and ensuring stable biogas
production5. These findings align with the current study,
highlighting the importance of VFA/Alkalinity ratio in
process stability.

Other studies have shown variations in VFA/Alkalinity
ratios due to differences in feedstock composition, retention
time, and reactor conditions. For example, a study on
methane-rich  biogas production found that the
VFA/Alkalinity ratio was maintained below 0.5 to ensure
high methane yields6. Another study on biogas production
from cow manure reported VFA/Alkalinity ratios between
0.4 and 0.8, with higher ratios leading to reduced methane
production?. These variations highlight the need for careful
monitoring and control of VFA/Alkalinity ratios.

Research on biogas production from municipal solid waste
indicated that the VFA/Alkalinity ratio should be kept below
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0.6 to prevent process failure8. Similarly, a study on biogas
production from food waste found that maintaining a
VFA/Alkalinity ratio below 0.7 was essential for stable
operation. These results are consistent with the current study,
showing the importance of low VFA/Alkalinity ratios for
process stability.

Additionally, a study on biogas production from
slaughterhouse wastewater reported that the VFA/Alkalinity
ratio should be kept below 0.5 to avoid acidification. Another
study on biogas production from sesame oil cake and sewage
sludge found that maintaining a low VFA/Alkalinity ratio
was crucial for preventing process instability. These findings
further support the effectiveness of maintaining low
VFA/Alkalinity ratios for stable anaerobic digestion.

Overall, the findings from the current study are consistent
with other studies, reinforcing the importance of maintaining
low VFA/Alkalinity ratios for stable anaerobic digestion and
high methane production.

Comparatively, other studies have reported varying
VFA/Alkalinity ratios under different conditions. For
instance, a study on biogas production from palm nut paste
waste and anaerobic-digested rumen waste found that the
VFA/Alkalinity ratio ranged from 0.32 to 1.0, indicating
stable biogas production [51] Another study on thermophilic
anaerobic  digestion of sewage sludge reported
VFA/Alkalinity ratios between 0.5 and 1.2, with higher ratios
leading to process instability [52]. These results are higher
than the current study, suggesting better stability in our
system.

Research on biogas production from sugar beet silage
showed that the VFA/Alkalinity ratio increased immediately
after feeding but stabilized at lower values, indicating
effective process control [53]. Similarly, a study on
lignocellulosic biomass conversion to VFA reported that
maintaining a low VFA/Alkalinity ratio was crucial for
preventing acidification and ensuring stable biogas
production [54]. These findings align with the current study,
highlighting the importance of VFA/Alkalinity ratio in
process stability.

Other studies have shown variations in VFA/Alkalinity
ratios due to differences in feedstock composition, retention
time, and reactor conditions. For example, a study on
methane-rich  biogas  production found that the
VFA/Alkalinity ratio was maintained below 0.5 to ensure
high methane yields [55]. Another study on biogas production
from cow manure reported VFA/Alkalinity ratios between
0.4 and 0.8, with higher ratios leading to reduced methane
production [56]. These variations highlight the need for
careful monitoring and control of VFA/Alkalinity ratios.
Research on biogas production from municipal solid waste
indicated that the VFA/Alkalinity ratio should be kept below
0.6 to prevent process failure [57].

IV. CONCLUSIONS

This study used food waste and cow dung as feedstock in
a Continuous Stirred Tank Reactor (CSTR) under mesophilic
conditions to demonstrate the effectiveness of anaerobic
digestion (AD). High organic matter degradation and steady
biogas production had been achieved by the experimental
setup, which was carried out at 39°C with regulated pH and
mixing. TS and VS removal efficiency were 98.5% and
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99.7%, respectively, while COD removal achieved 96.4%.
Active methanogenesis was indicated by the biogas’s peak
methane level of 60%. Process stability was confirmed when
the VFA/Alkalinity ratio settled below 0.3.

The reactor performance was validated by the method used,
which included titration for VFA and alkalinity, HACH
digestion for COD, and gravimetric analysis for TS/VS.
These findings support the stability of CSTRs for producing
biogas from organic waste and correspond with data from
previous research. The results demonstrate potential of
small-scale AD systems might be used in dry areas for waste
management and the production of renewable energy. It is
recommended to further optimize loading rates and substrate
combinations in order to improve process scalability and
efficiency. In addition, for further enhancing the performance
of AD is for optimization in system parameters. Stability
indicators like VFA/Alkalinity ratios require careful
monitoring to maintain optimal performance.
Characterization of the substrate and food waste to determine
the optimal concentrations of different combinations of food
waste. Optimizing the operational parameters to achieve the
highest biogas production.
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