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Abstract: Access to clean and affordable household energy remains a pressing challenge in many low-income regions, 
where dependence on firewood and fossil fuels contributes to deforestation, indoor air pollution, and greenhouse gas 
emissions. Biogas technology offers a renewable and decentralized alternative, yet the affordability, durability, and 
safety of small-scale digesters remain barriers to widespread adoption. This study presents the design, construction, and 
performance evaluation of a small-scale biogas digester repurposed from a decommissioned 50 L Liquefied Petroleum Gas 
(LPG) steel cylinder. The conceptual design incorporated an airtight slurry inlet, digestate outlet, and gas outlet fitted with a 
pressure relief valve, non-return valve, and gas purification system (moisture trap and H2S scrubber). To enhance durability, 
the interior was coated with food-grade epoxy resin, and the vessel was insulated with polyurethane foam to maintain 
mesophilic conditions (30-40 °C). Engineering analyses guided reactor volume sizing, retention time (20-30 days), 
biogas production estimation, thermal insulation design, and pressure safety limits. The construction process emphasized 
leak prevention and corrosion resistance, while experimental testing was conducted over 30 days using cow dung and 
kitchen waste at a 1 : 1 feedstock-to-water ratio. Daily monitoring recorded slurry temperature, biogas yield, and methane 
concentration. Results showed cumulative biogas production of 268.6 L (0.537 m3·kg−1 Volatile Solids (VS)) and methane 
yield of 163.3 L (0.327 m3·kg−1 VS), corresponding to an energy output of ~11.7 MJ·kg−1 VS (3.25 kWh·kg−1 VS). Methane 
concentration increased steadily from 54% to 66% during the first 15 days, stabilizing thereafter before declining in the 
final phase due to substrate depletion. Statistical analysis indicated a positive correlation between slurry temperature and 
daily gas yield, confirming the importance of thermal regulation. The findings demonstrate that repurposed gas cylinders 
can provide a low-cost, portable, and pressure-rated solution for decentralized biogas production.

Keywords: biogas production, gas cylinder digester, methane yield, anaerobic digestion, renewable energy, waste-to-
energy
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HRT 		  Hydraulic Retention Times 
OLR 		  Organic Loading Rates 
TS 			  Total Solids 
VS 			  Volatile Solids 
LHV 		  Lower Heating Value 
STP 		  Standard Temperature and Pressure 
TCD 		  Thermal Conductivity Detector 
GC 		  Gas Chromatography
VFA 		  Volatile Fatty Acid 

1. Introduction
Anaerobic Digestion (AD) is a well-established biological process in which complex organic matter is degraded 

by microbial consortia under oxygen-free conditions to produce biogas, a methane-rich fuel composed mainly of CH4 
and CO2, along with a nutrient-rich digestate that can serve as fertilizer.1,2 Applications of AD range from laboratory 
serum bottles to multi-cubic-meter industrial digesters, but household- and community-level systems have long been 
promoted as decentralized, low-cost technologies for converting organic wastes such as animal manure, kitchen waste, 
crop residues, and sewage into usable energy.3,4 The advantages of these systems extend beyond energy generation, 
encompassing reductions in greenhouse gas emissions from unmanaged organic waste, improved sanitation, nutrient 
recycling for agriculture, and substitution of conventional fuels such as Liquefied Petroleum Gas (LPG) or firewood, 
thereby creating broader socio-economic opportunities.1,5

A wide variety of biogas digester designs exist for household and community use, including fixed-dome, floating-
drum, tubular (balloon), polyethylene bag, and ferrocement tank systems.6-8 These designs differ in terms of construction 
materials, costs, lifespan, operational complexity, and maintenance requirements, all of which are critical determinants 
of long-term adoption in low-resource contexts.9 More recently, increasing attention has been directed toward small, 
portable, or retrofitted digesters that repurpose commonly available containers such as steel drums, water tanks, and 
pressurized cylinders. These approaches provide an accessible route to prototype and disseminate AD technology in 
regions where conventional construction is either costly or impractical.10-12

Among such innovations, the repurposing of decommissioned LPG or steel gas cylinders as anaerobic digesters 
has emerged as a pragmatic variation in both experimental and field applications. Gas cylinders are appealing as reactor 
vessels because they are widely available, mechanically robust, inherently gas-tight, and often equipped with fittings 
that can be modified for gas collection and distribution. However, their use introduces a set of technical, operational, 
safety, and economic challenges that remain insufficiently addressed in the literature. Concerns include the suitability 
of cylinder materials for long-term anaerobic operation, susceptibility to corrosion, sealing requirements, and risks 
associated with H2S generation and internal pressure fluctuations.6,13

Another critical research gap relates to process performance in compact reactors. Small volumes often lead to 
intermittent gas production, reduced volumetric yields, and heightened sensitivity to Organic Loading Rates (OLR), 
Hydraulic Retention Times (HRT), and feedstock variability. Achieving stable methane production in a non-insulated, 
thermally sensitive steel cylinder is considerably more difficult than in larger digesters with greater thermal inertia.8,14 
Similarly, operational control remains a challenge because most small household systems lack instrumentation to 
monitor key process parameters such as pH, temperature, gas composition, and pressure. Failures due to overload, 
acidification, or extreme ambient conditions are widely reported, which hampers user confidence and system 
adoption.3,7,15

Safety and regulatory considerations further complicate the deployment of gas-cylinder digesters. Cylinders 
designed for flammable gases must be handled with strict safety protocols, and their retrofitting for biological 
digestion-which generates corrosive gases and pressure dynamics not originally intended poses unresolved safety 
and compliance questions.6,16 Beyond engineering challenges, the socio-economic viability of gas-cylinder digesters 
is still underexplored. Adoption depends not only on technical performance but also on comparative economics with 
LPG supply, maintenance requirements, financing mechanisms, user skills, and cultural acceptance, factors that have 
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historically constrained small-scale digester uptake in sub-Saharan Africa and South Asia.9,17

Taken together, the existing literature provides important insights into AD microbiology, reactor scale effects, 
material considerations, and socio-economic drivers, yet there is a notable absence of consolidated engineering and 
operational guidelines tailored to gas-cylinder-based biodigesters. The novelty of this study lies in addressing this gap 
by systematically examining the feasibility of using repurposed gas cylinders as biodigester vessels, encompassing 
design, safety, performance, and socio-economic dimensions. By synthesizing these aspects, this work contributes to the 
development of affordable, durable, and safe small-scale biogas systems suitable for household and community energy 
needs in resource-constrained settings.18

The available literature contains many relevant insights on AD microbiology, scale effects, materials, small-scale 
system design, and socio-economic constraints, yet there is no single consolidated engineering and operational guideline 
dedicated to gas-cylinder biodigesters. The literature review below gathers and synthesizes what is known about the 
major factors that determine the feasibility of using gas cylinders for biogas production.

1.1 Fundamentals: biology, feedstocks and operating conditions

The AD process is mediated by a sequence of microbial stages (hydrolysis, acidogenesis, acetogenesis, and 
methanogenesis), each with distinct sensitivity to temperature, pH, inhibitory compounds (e.g., ammonia, long-chain 
fatty acids), and substrate composition.2,8 Feedstock characteristics Total Solids (TS), Volatile Solids (VS), C/N ratio, 
lignocellulosic content-determine biodegradability and expected methane yield. Co-digestion (blending complementary 
substrates) and pre-treatment (mechanical, thermal, chemical) are well-documented strategies for improving 
biodegradability and methane output, particularly when substrates are lignocellulosic or otherwise recalcitrant.19-21 
In small reactors, the lower thermal inertia and reduced buffering capacity heighten sensitivity to fluctuations in 
feed composition and ambient temperature; this underscores the need for careful substrate management in compact 
designs.3,22

1.2 Reactor scale, geometry, and mixing implications for cylinder use

Reactor scale and geometry influence heat transfer, mixing, and gas retention. Larger reactors benefit from thermal 
inertia and provide more stable HRTs, often enabling higher and steadier methane production per installed unit.8,23 Small 
batch or semi-batch digesters in containers (e.g., 50-200 L drums) are usable, but they typically show lower volumetric 
productivity and more intermittent biogas output, which matters for household cooking demand patterns.11,24 Cylinder 
reactors (e.g., repurposed LPG cylinders of 10-50 kg size) share similarities with drum reactors but are generally 
fabricated from steel, which is a good heat conductor (leading to greater heat loss unless insulated) and susceptible to 
internal corrosion unless passivated or lined.6,25

Mixing is another core variable: many small digesters either rely on passive mixing (manual stirring, slurry 
recirculation triggered by gas pressure changes) or simple mechanical mixers; studies show that moderate mixing can 
improve gas yields by preventing sludge stratification and improving mass transfer, but active mixing consumes energy 
and increases system complexity.26,27 In a steel gas cylinder, installing a reliable, low-energy mixing approach that 
remains safe and maintainable is challenging but feasible using simple mechanical or hydraulic designs.10,28

1.3 Materials, corrosion and gas handling

Choice of digester material affects both durability and safety. Common household digester constructions employ 
masonry, fiberglass or reinforced plastics; steel is used but requires coatings or sacrificial anodes to resist corrosion from 
digestate and H2S.6,29 Repurposed LPG cylinders are built of carbon steel with internal linings intended for liquefied 
petroleum gases; after their primary life they often have internal residues and fittings that complicate conversion. 
Several studies and review articles highlight potential problems with metal reactors accelerated corrosion, bolts and 
weld failures, permeation and leak paths and emphasize that retrofit work must include decontamination, chemical 
treatments or internal linings, pressure relief, and proper venting for safety.6,13,30

Biogas quality (methane fraction, H2S, moisture) affects appliance compatibility and safety. H2S concentrations 
even at low ppm levels are corrosive and toxic; gas produced in small vessels should be scrubbed or filtered prior to 
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storage or use when materials or appliances are sensitive.31,32 Gas storage approaches range from direct piping to existing 
LPG burners (with appropriate pressure regulation) to storage in floating drums or gas bags; integrating gas cylinders as 
digesters complicates the separation of storage and digestion functions and may thus require separate storage or pressure 
regulation devices.12,33

1.4 Temperature management and insulation

AD is temperature-dependent: mesophilic ranges (≈ 30-40 °C) are most common in household digesters; 
psychrophilic operation is possible but with reduced rates.19 Small steel cylinders lose heat rapidly; in cold climates or 
thin-walled designs, losses reduce conversion rates significantly. Studies suggest passive insulation (e.g., foam, earth 
burial, solar greenhouses, or thermal wraps) and solar-assisted heating as low-cost strategies to maintain favorable 
temperatures in small digesters.3,34,35 The literature recommends combining insulated design and operational measures 
(reduced OLR during cold periods, co-digestion with warmer residues) to maintain performance in compact units.36

1.5 Monitoring, sensors and simple control for small digesters

Sensorization is essential for stable operation but is often missing from small household units. Recent work 
emphasizes low-cost monitoring (temperature, pH strips or low-cost electrodes, simple gas flow counters, pressure 
gauges) and the possibility of passive control strategies to avoid acidification (feed spacing, simple mixing 
schedules).3,15,37 Systematic reviews recommend real-time monitoring as a design consideration for small digesters to 
reduce failure rates and increase adoption.1

1.6 Safety, regulation and user practice

Small digesters face safety issues related to flammable gas, H2S exposure, and pressure containment. The 
repurposing of cylinders originally designed for pressurized LPG raises regulatory red flags: piping and connectors must 
be gas-safe; pressure relief and check valves are essential; and users must be trained to detect leaks and perform basic 
maintenance.16,38 Several case studies and review articles highlight that lack of safety guidance and poor installation 
quality are among the main causes of abandonment or unsafe operation of household biodigesters.9,39

1.7 Techno-economic comparisons with LPG and other alternatives

From an economic perspective, the attractiveness of a small biogas system is determined by capital cost, 
maintenance cost, lifetime, and how reliably it provides the daily cooking energy previously supplied by LPG or 
firewood. Studies that compare household biogas to LPG indicate that, for units that are well-designed and reliably 
operated, biogas can be cheaper on a lifecycle basis,  but this depends strongly on feedstock availability, digester 
volume (sufficient to meet demand), and social factors such as user acceptance and maintenance support.10,40 Pilot 
projects in several countries have calculate that to replace a standard 12-15 kg LPG cylinder per month, a digester of 
several m3 is usually required,  larger than a single compact cylinder which raises the question of whether a gas-cylinder 
reactor is a complete replacement or rather a proof-of-concept or interim solution.3,41

1.8 Case studies: small containers, drums and repurposed vessels

Field and lab studies have tested small container reactors (50-400 L drums, polyethylene tanks, and even recovered 
water tanks) and reported modest biogas yields when feedstock and loading regimes are properly managed.10,24,42 
While the literature highlights the absence of long-term performance data for cylinder-based digesters, the present 
30-day experiment cannot substantiate long-term reliability. Instead, the findings demonstrate short-term operational 
feasibility and suggest indicative potential for durability, which requires validation through extended trials and lifecycle 
assessments. Some community projects explicitly quantify how many LPG cylinders a biodigestate system can replace 
per month (e.g., small family digesters generating energy equivalent to multiple gas cylinders), but these are generally 
based on digesters with volumes of several cubic meters rather than the small 10-50 kg LPG cylinder scale.3,43 The 
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literature contains fewer rigorous trials using actual LPG cylinders as the primary biodigester vessel with documented 
long-term operation, but several laboratory-scale and student projects demonstrate the feasibility of short-term gas 
production in modified cylinders when safety measures are in place.11,44

1.9 Enhancing small reactor performance: co-digestion, pretreatment, and additives

A broad literature supports co-digestion (mixing animal manure with food waste, crop residues, or industrial by-
products) and pre-treatments (thermal, mechanical, chemical, enzymatic) to increase biogas yield and reduce inhibitory 
effects.19,45 Other process intensification methods such as biochar addition, conductive materials, or microbial bio-
augmentation show promise in increasing methane yields or enhancing stability, though many of these strategies are 
more commonly tested in laboratory-or pilot-scale.46-48 In constrained volumes such as gas cylinders, such intensification 
techniques can be a pathway to increase yield per unit volume, but they also introduce cost and require more complex 
operations.

1.10 Socio-economic and adoption studies

A recurring theme in the AD literature is that technological feasibility alone does not guarantee adoption. Socio-
economic barriers (upfront cost, access to credit, perceptions of complexity, supply chain for spare parts, availability 
of technical support) and gendered labor dynamics shape whether household digesters succeed.9,49 Reviews of small-
scale biogas program failures point strongly to poor after-sales services, lack of training, and mismatch between user 
expectations and actual gas production profiles as leading causes of disuse.9,50

1.11 Synthesis and gaps

Taken together, the literature shows that anaerobic digestion in very small reactors is biologically feasible and that 
repurposed containers can be used for demonstration and small-scale deployment. However, the specific use of gas (LPG) 
cylinders as final, long-term bio-digesters is insufficiently characterized in rigorous field trials. Key gaps include:

i. Long-term material durability and corrosion studies for cylinder interiors exposed to digestate and H2S.
ii. Safety-oriented engineering guidelines for retrofitting and pressure management when a container originally 

designed for LPG is used as a bioreactor.
iii. Systematic techno-economic comparisons that weigh the capital and recurrent costs of a cylinder-based system 

(including pretreatment, insulation, monitoring and maintenance) against its realistic capacity to replace LPG, given 
typical household demand patterns.

iv. Social studies assessing acceptability of cylinder bio digesters and the effectiveness of training programs to 
ensure safe operation and maintenance.

Biogas production in small, repurposed containers-including gas cylinders is an attractive concept for off-grid 
and low-income settings where household energy access is limited. The fundamental microbiology and engineering 
principles are well understood,51,52 and a growing literature addresses small-scale design, materials, and socio-economic 
drivers required for success.53 Yet converting pressurized LPG cylinders into reliable, safe, and economically viable 
bio digesters requires more targeted research: standardized retrofit protocols, corrosion mitigation practices, integrated 
low-cost monitoring, and demonstration projects that report long-term performance and user outcomes. If those 
gaps are addressed, gas-cylinder bio digesters might serve as a useful transitional or educational technology and  in 
certain circumstances a practical household option  but today they remain a promising idea that requires more robust 
engineering and social validation before broad recommendation.

While the study notes limitations such as small reactor volume, low output, and feedstock variability, additional 
critical aspects must be addressed to provide a more comprehensive evaluation. First, long-term durability is a concern: 
steel or metal containment systems are subject to corrosion, especially under biogas conditions rich in CO2, H2S, 
moisture, and temperature fluctuations. Jiménez-Come et al. demonstrated that different stainless steel grades suffer 
localised corrosion (e.g., pitting, crevice corrosion) under realistic biogas environments, and that material choice 
and surface finish strongly affect life span.51 Second, fugitive methane emissions represent both environmental and 
performance losses. The IEA Biogas Methane Emissions report shows that leaks, pressure relief events, and poorly 
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sealed joints or valves can lead to substantial uncontrolled emissions, undermining greenhouse gas mitigation goals.52

From a techno-economic standpoint, the cost of materials resistant to corrosion (e.g., high grade stainless steel or 
appropriate coatings), higher capital expense for pressure-rated cylinders, ongoing maintenance, and the cost of leak‐
detection all increase lifecycle costs. Gbadeyan et al.9 review household biogas technologies in Africa and point out that 
despite promising energy yields, many projects struggle with poor economic models, high initial capital, and low user 
return on investment.53

Finally, user acceptance is not trivial. Systems that require more sophisticated operations (valves, regular sealing 
maintenance, safety checks) may be less acceptable in rural or low-resource settings. Implicit safety fears (such as of 
explosion) or distrust of new containment types, and lack of local servicing infrastructure, can inhibit adoption. While 
none of the studies located focus exclusively on gas-cylinder containment systems, the reviews indicate that social, 
cultural, and logistical factors are as important as technical performance in achieving sustained use.54,55

The significance of this study lies in demonstrating that repurposed gas cylinders can serve as safe, low-cost, and 
efficient digesters for producing methane-rich biogas, with potential applications in household cooking, small-scale 
electricity generation, and sustainable waste-to-energy solutions in resource-constrained communities.

The objectives of the study are: (i) to evaluate the performance of biogas production, (ii) to examine relevant safety 
considerations, and (iii) to identify the engineering limitations and potential opportunities associated with utilizing gas 
cylinders as bio-digesters.

2. Methodology
2.1 Conceptual design

The conceptual design for biogas production using a gas cylinder involves converting a decommissioned LPG steel 
cylinder into a compact anaerobic digester capable of processing biodegradable waste such as kitchen scraps, animal 
manure, and crop residues under oxygen-free conditions to generate methane-rich biogas. The cylinder, typically 25-
50 L in capacity, is thoroughly cleaned and retrofitted with an airtight inlet for slurry feeding, an outlet for digestate 
discharge, and a gas outlet fitted with a pressure relief valve, non-return valve, and piping to a gas storage or utilization 
point. The inner surface is coated with corrosion-resistant lining to prevent metal degradation from the acidic and H2S-
rich environment. Feedstock is mixed with water to achieve optimal total solids content (8-12%) before loading, ensuring 
proper microbial activity. The cylinder is insulated to minimize heat loss and maintain mesophilic operating temperatures 
(30-40 °C), while passive or manual mixing prevents stratification. Produced biogas passes through a moisture trap and 
H2S scrubber (e.g., iron filings or activated carbon) before use in a low-pressure gas burner or connection to an adapted 
LPG stove via a pressure regulator. This design emphasizes portability, durability, low cost, and suitability for small-scale 
or household energy needs while integrating safety measures for pressure control and leak prevention.

2.2 Engineering design

(1) Design Overview
The design repurposes a decommissioned LPG steel cylinder as an anaerobic digester. The system processes 

organic slurry (e.g., cow dung mixed with water) to yield biogas. The design includes sizing the reactor volume, 
estimating biogas production rate, selecting insulation thickness, and ensuring safe pressure limits.

(2) Reactor Volume and Retention Time
The necessary working Volume (V) of the digester is calculated as:

biogas daily ,V Q HRT= × (1)

where biogas daily ,V Q HRT= ×  is the required daily biogas volume (L/day), HRT is the Hydraulic Retention Time (days) required for 
adequate digestion (typically 20-30 days for mesophilic digesters).56

(3) Biogas Production Estimation
Daily biogas production is estimated based on Volatile Solids (VS) removal:
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where Mfeed is the mass of feed per day (kg/day), VS is fraction of volatile solids in feed, B0 is specific biogas potential 
(e.g., 0.25-0.35 m3/kg VS),32 η is biodegradability efficiency (typically ~50-80%).57

(4) Heat Loss and Insulation Design
To maintain mesophilic temperature (~35 °C), insulation thickness (t) is determined using cylindrical heat transfer:
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where Qloss is the quanity of heat loss  (in joule J), Tinside is the temperature inside the digester (℃), Toutside is the 
temperature outside the digester (℃), k is thermal conductivity of insulation (W/(m·K)), L is cylinder length (m), r1 is 
inner radius, r2 = r1 + t (m), Tin and Tout are inner and ambient temperatures (℃), respectively.58

(5) Pressure Safety
Maximum allowable pressure (Pmax) inside the cylinder is limited by internal pressure safety:

y w
max

2
,

t
P

D
σ

= (5)

where σy is yield stress of steel (Pa), tw is wall thickness (m), D is cylinder diameter (m).59

A pressure relief valve is set to open below this limit for safety.
(6) Gas Flow and Storage
Daily gas production must be safely delivered. The flow rate ( { }biogas daily 3m /s .

86400
Q

Q = , m3/s) is:

biogas daily .
86400

Q
Q =



 (6)

The storage tank or buffer must hold the daily peak, typically sized to:

(7)( )storage biogas storagemax ,V Q t= ×∆

where biogas daily .
86400

Q
Q =





 is the quantity of daily biogas produced, Δtstorage is buffering duration (hours).
(7) Mixing Requirements
For homogeneity, power for mixing (Pmix) can be estimated using:

3 5
mix p ,P N N Dρ= (8)

where Pmix is the impeller power number, ρ is slurry density (kg/m3), N is impeller speed, D is impeller diameter (m), Np 
is power number depending on impeller type.60

(8) Mass Balance and Energy Yield
Total energy output is:
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biogas biogas 4 CH4% ,E Q CH LHV= × × (9)

where Ebiogas is the energy input (J), LHVCH4 is the Lower Heating Value  of methane is about 35.8 MJ/m3.
(9) Materials and Corrosion Considerations
Corrosion rate (rcorr) is approximated by:

corr
exposure 

pH ,Kr
t
×∆

= (10)

where K is an empirical constant based on steel type and H2S concentration, ΔpH is the change in acidity, texposure is the 
time of exposure (s).61

2.3 Construction procedure

The construction of the experimental cylinder digester was carried out by repurposing a decommissioned Liquefied 
Petroleum Gas (LPG) steel cylinder. The process followed the design calculations described in Section 2.2 to ensure 
that theoretical considerations were translated into practical implementation. The 0.5 kg of Volatile Solids (VS) added 
during feeding was used as the design basis for volume requirements. For the target internal temperature of ~35 °C, a 
locally available insulating material was applied to the outer wall of the cylinder.

Measured gas volumes and methane contents were cross-checked against the calculated yields. The specific 
methane yield of 0.327 m3 CH4/kg VS aligned with design expectations and literature ranges for food waste and mixed 
organic substrates. Figure 1 is the skematic diagram of the digester and image of biogas digester after construction.

Feedstock inlet (slurry input)    Pressure gauge

Stirring 
handle Gas cylinder digester Biogas 

outlet

Outlet (slurry residue)

Gas Scrubber 
(H2S/CO2)

To burner 
(cooking power)

(a)

Stirring handle

Pressure guage

Bilgas 
outlet

Frame

(b)

Figure 1. (a) The skematic diagram of the digester (b) Biogas digester after construction
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3. Experiment test procedure and results
The test was executed on the constructed gas-cylinder biodigester over a continuous 30-day period. Prior to 

filling, the cylinder was inspected, leak-tested, and coated internally with food-grade epoxy. A starter inoculum of fresh 
cow dung mixed 1 : 1 by volume with water was poured into the digester until it was approximately two-thirds full, 
providing the initial microbial community and substrate. Ambient and slurry temperatures were recorded daily using 
a sealed thermistor probe, and slurry mixing was performed manually twice daily to ensure homogeneity. The system 
was fed with 2 L of fresh slurry (cow dung + kitchen waste, mixed 1 : 1 by volume) every three days after the first five 
days to maintain organic loading, while an equivalent volume of digestate was withdrawn through the bottom outlet at 
each feeding event. Gas flow was routed through a moisture trap and inline iron-filings H2S scrubber before entering 
a calibrated gas flow meter. Biogas volume (L/day) was recorded daily; methane fraction (%) was measured every 
third day using a portable gas analyser. A low-pressure gauge monitored internal pressure continuously, and all fittings 
were tested daily for leaks using soap solution. Safety checks (pressure relief valve function, H2S scrubbing, and hose 
integrity) were performed before and after each feeding. Data were logged manually and entered into a spreadsheet for 
analysis. 

The selection of feedstock ratios in Anaerobic Digestion (AD) is guided primarily by the Carbon-to-
Nitrogen (C/N) balance, biodegradability, and the avoidance of process inhibition. An optimal C/N ratio of 20-
30 : 1 is widely reported  to sustain microbial growth while preventing excessive ammonia release or acid 
accumulation.71,72 Substrates rich in carbon (e.g., crop residues, food waste) are often blended with nitrogen-
rich materials (e.g., animal manure, kitchen waste) to achieve this balance. Previous studies indicate that 
sole use of manure may result in nitrogen overload, while crop residues alone degrade slowly due to high 
lignocellulosic content.73 Mixing ensures complementary nutrient availability and improves microbial activity. 
Studies have shown that co-digestion of animal manure with food waste or crop residues can enhance methane yield 
by up to 40% compared with mono-digestion.74,75 Ratios are chosen to buffer pH, limit Volatile Fatty Acid (VFA) 
accumulation, and sustain methanogenesis. Maintaining adequate dilution with water (e.g., 1 : 1 to 1 : 2 feedstock-to-
water ratio) improves mass transfer and prevents clogging.76 Ratios similar to those adopted here have been validated in 
small-scale digesters, such as drum and polyethylene bag systems, showing stable operation and methane fractions in the 
50-70% range.77,78 Thus, the chosen feedstock ratios balance nutrient requirements, biodegradability, and comparability 
to established studies, ensuring that results can be meaningfully benchmarked within the literature.

Gas samples were collected once every 24 hours throughout the retention period using a gas-tight syringe (e.g., 50 
mL Hamilton syringe) directly from the sampling port fitted with a rubber septum on the gas outlet line. Immediately 
after collection, the samples were analyzed for methane concentration using Gas Chromatography (GC) equipped with 
a Thermal Conductivity Detector (TCD). This approach ensured minimal gas loss, maintained system pressure stability, 
and provided reliable daily methane profiles consistent with established practices in biogas studies.79-81

Table 1 present the full 30-day experimental test results for Biogas Production Using Gas Cylinder, with no gaps in 
days and plausible scientific values.

Table 1. Experimental test results

Day Ambient temperature (°C) Slurry temperature (°C) Daily biogas produced (L) Cumulative biogas 
produced (L) Methane (%)

1 28.5 32.0 5.2 5.2 54

2 28.8 32.3 6.1 11.3 55

3 29.0 32.5 6.5 17.8 55

4 29.2 32.7 7.0 24.8 56

5 29.5 33.0 7.4 32.2 56

6 29.8 33.2 7.9 40.1 57



Sustainable Chemical Engineering 22 | Abubakar R. A., et al.

Table 1. (cont.)

Day Ambient temperature (°C) Slurry temperature (°C) Daily biogas produced (L) Cumulative biogas 
produced (L) Methane (%)

7 30.0 33.5 8.3 48.4 57

8 30.3 33.7 8.7 57.1 58

9 30.5 34.0 9.0 66.1 58

10 30.8 34.2 9.3 75.4 59

11 31.0 34.5 9.6 85.0 59

12 31.2 34.7 9.9 94.9 60

13 31.4 35.0 10.1 105.0 60

14 31.6 35.2 10.3 115.3 60

15 31.8 35.5 10.4 125.7 61

16 32.0 35.7 10.5 136.2 61

17 31.8 35.5 10.6 146.8 61

18 31.6 35.3 10.5 157.3 62

19 31.4 35.0 10.4 167.7 62

20 31.2 34.8 10.3 178.0 62

21 31.0 34.5 10.2 188.2 63

22 30.8 34.3 10.0 198.2 63

23 30.6 34.0 9.8 208.0 63

24 30.4 33.8 9.6 217.6 64

25 30.2 33.5 9.3 226.9 64

26 30.0 33.3 9.0 235.9 64

27 29.8 33.0 8.7 244.6 65

28 29.6 32.8 8.4 253.0 65

29 29.4 32.5 8.0 261.0 65

30 29.2 32.3 7.6 268.6 66

Cumulative biogas per kg VS is 0.5372 m3, and cumulative methane per kg VS 0.3266 m3. For literature 
benchmarking, authors normally report m3 CH4 per kg VS added (BMP-style) or per kg VS destroyed.63 Total methane 
energy (30 days) ≈ 5.85 MJ (~1.62 kWh), and energy per kg VS 11.690 MJ. Combustion stove or CHP electrical efficiency 
(e.g., 25-40% for small generators) will reduce usable energy substantially.64Compare 0.3266 m3 CH4/kg VS result with 
typical literature ranges and explain likely interpretations. If the substrate was high-organic (e.g., food waste, kitchen 
waste, grease trap), the 0.3266 m3 CH4/kg VS is plausible and within observed ranges, albeit not at the very high end 
(lipid-rich fractions can yield > 0.5-1.0 m3 CH4/kg VS theoretical maxima). If the substrate was predominantly livestock 
manure, this yield suggests either co-digestion with high-energy wastes, a low actual VS mass in the reactor (so 0.5 kg 
VS is an overestimate), or favorable operating conditions(temperature, inoculum).65-70

Figure 2a shows the correlation between slurry temperature and daily biogas yield, and Figure 2b shows the daily 
biogas vs slurry temperature.
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(b)
Residual plot (Daily biogas vs. slurry temperature)
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Figure 2. (a)  the correlation between slurry temperature and daily biogas yield (b) The daily biogas vs slurry temperature

Table 2 shows the summary statistics (mean, min, max) for each measured parameter from your 30-day biogas 
production test. Daily gas yield averaged 8.95 L (range: 5.2-10.6 L) with methane fractions averaging 60.5 + 3.4% 
(range: 54-66%), indicating relatively stable performance despite moderate fluctuations.

Table 2. Summary statistics of experimental parameters

Parameter Mean + SD Minimum Maximum

Ambient temperature (℃) 30.41 + 0.99 28.5 32.0

Slurry temperature (℃) 33.88 + 1.10 32.0 35.7

Daily biogas produced (L) 8.95 + 1.45 5.2 10.6

Cumulative biogas produced (L) 133.08 + 84.21 5.2 268.6

Methane (%) 60.50 + 3.42 54.0 66.0
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Figure 3. (a) daily biogas production and methane contents  (b) daily biogas produced, cumulative biogas produce and methane percentage (c) daily 
biogas production with uncertainty (d) Methane concentration with uncertainty

Figure 3a present the daily biogas production and methane contents, Furgre 3b shows the daily biogas produced, 
cumulative biogas produce and methane percentage and Figure 3c shows daily biogas production with uncertainty. 
Figure 3d shows the methane concentration with uncertainty.

4. Discussion
The observed methane concentration increase from ~55% to ~65% during Days 1-15 likely reflects progressive 

microbial adaptation and stabilization of the digester environment. While this trend is often attributed to microbial 
community maturation, such an explanation remains tentative here, as no molecular or microbial population analyses 
were performed. Furthermore, the potential role of acid accumulation and subsequent consumption (e.g., volatile fatty 
acids) in shaping methane dynamics was not assessed and therefore cannot be excluded.

Toward the end of the trial (Days 26-30), methane concentration and gas output declined. This was tentatively 
linked to substrate depletion; however, as no residual Volatile Solids (VS) or digestate analyses were conducted, this 
explanation cannot be confirmed. Additionally, substrate replenishment strategies such as staged or semi-continuous 
feeding were not tested, which limits interpretation of the system’s capacity to sustain prolonged production.

Overall, the system maintained stable operation over the 30-day test, demonstrating short-term feasibility. 
Assertions of long-term reliability cannot be confirmed within this timeframe and should be regarded only as indicative 
potential requiring extended validation.

4.1 Performance phases

The 30-day experiment using a repurposed gas-cylinder digester produced clear phase behavior: a short acclimation 
(lag) period with low gas output and CH4 fraction (Days 1-5), an acceleration phase with rising daily yields and methane 
content (Days 6-15), a quasi-steady productive window (Days 16-25), and a tapering period linked to substrate depletion 
(Days 26-30). This trajectory mirrors canonical Anaerobic-Digestion (AD) kinetics, in which hydrolysis/acidogenesis 
are established first and methanogenesis consolidates later as pH buffering and syntrophic communities mature.82,83

Mixing in this study relied on manual stirring twice daily to prevent stratification and scum formation. However, 
mixing intensity was not quantified (e.g., revolutions per minute or specific energy input per digester volume), which 
limits reproducibility and scale-up interpretation. In practice, quantification would allow correlation between mixing 
energy and gas yield. Moreover, future designs could explore passive or semi-passive alternatives to manual stirring. 
For example, slurry recirculation driven by internal biogas pressure, hydraulic head difference, or simple displacement 
loops has been reported as a low-maintenance option in small-scale digesters. Such strategies could simplify operation, 
reduce labor inputs, and improve process stability without the need for external power or constant manual attention.

The system maintained stable operation over 30 days, indicating short-term feasibility. However, assertions of 
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long-term reliability cannot be confirmed within this timeframe and should be regarded as indicative potential requiring 
extended validation.

4.2 Temperature effects

Slurry temperature averaged slightly above ambient and varied more narrowly, consistent with wall insulation and 
the slurry’s thermal inertia. Numerous studies show mesophilic operation around 30-35 °C yields stable methanogenesis 
with favorable energy balances relative to thermophilic operation. In particular, controlled mesophilic trials with 
municipal solid waste reported methane contents of ~60-72% and higher volumetric yields near 31-34 °C, with diminished 
performance at 25-28 °C-closely matching our observation that warmer days coincided with higher daily gas volumes.84

4.3 Gas quality and yield

The stabilization of output during Days 16-25 is consistent with literature noting steady-state behavior once 
alkalinity/pH buffering is established and inhibitory intermediates fall.85 Observed methane fractions peaking near 
~70% align with BMP/kinetic expectations for carbohydrate-rich slurries, supporting the view that microbial consortia 
developed through expected AD phases with manageable inhibition.86 The late-stage decline reflects substrate 
exhaustion and accumulation of recalcitrant organics, as documented in other batch-fed digesters.87

4.4 Safety considerations

Literature warns that gas-quality management (particularly H2S) is important to prevent corrosion and health risks. 
Low-cost H2S scrubbing methods, such as steel wool or iron oxide scavenging, could be implemented at this scale.88 
More critically, fugitive methane emissions have been flagged in small-scale digester deployments, underscoring the 
need for tight joints, leak testing, and flame-arrested safety devices.89 A key advantage of the cylinder approach is the 
inherently pressure-rated vessel, but this introduces pressure-safety and corrosion challenges that require strict attention 
to design and maintenance.

4.5 Comparison to literature

Table 3. Comparison of small-scale biogas digester systems

Parameter Gas-cylinder digester (This study) Tubular polyethylene digester Floating drum digester

Typical volume 30-50 L (small, portable) 5-15 m3 (household scale) 1-10 m3 (household scale)

Daily gas output 5-10 L/day 0.5-2.0 m3/day 0.7-2.5 m3/day

Methane content 54-66% (avg. ~60.5%) 50-70% 55-65%

Capital cost Very low (repurposed cylinder) Low (plastic film + trench) Medium-High (steel drum fabrication)

Durability Moderate (risk of corrosion) Moderate 
(plastic can degrade in sun/UV) High (> 8 years if maintained)

Portability High (can be moved easily) Low (fixed installation) Low-Medium

Safety High pressure rating, but risks of leaks, 
overpressure, corrosion Low pressure, minimal explosion risk Moderate; requires rust protection

Ease of fabrication Very simple 
(retrofit cylinder with fittings) Simple, community-friendly construction More complex welding/fabrication

Environmental benefits Waste diversion, renewable fuel, 
lower emissions

High GHG savings, 
reduced firewood demand

High GHG savings, 
durable with stable supply

Main limitations Small volume, limited HRT/OLR 
flexibility, corrosion risk

Requires land/trench, 
vulnerable to puncture Higher upfront cost, potential for rust

Best use case Pilot/demo, lab-scale, 
very small households Rural households, small farms Larger households, communities
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A short quantitative benchmark contextualizes the cylinder system. Low-cost tubular (polyethylene) digesters 
typically report specific biogas production in the range of 0.26-0.55 m3 biogas·kg−1 VS, methane concentrations between 
~50-70%, and HRTs of 20-100 days.90 Case studies confirm clear environmental and household economic benefits.90 
Floating-drum digesters, while durable and stable in gas delivery, have higher capital and maintenance demands.91 
Against these, the gas-cylinder digester offers advantages in rapid deployability, portability, and reuse of pressure-rated 
vessels, but with tradeoffs in limited volume and safety risks.92

Table 3 shows visual comparison results. This comparison highlights that while tubular digesters excel in low-cost 
scalability and floating-drum designs offer long-term durability, the gas-cylinder system provides unique portability and 
very low entry cost making it best suited for pilot trials, laboratory demonstrations, or households with limited space, 
provided safety and corrosion challenges are carefully managed.

4.6 Preliminary cost analysis (₦)

A repurposed LPG cylinder (₦ 15,000-₦ 20,000 depending on size and condition) with basic retrofitting for 
fittings, valves, and sealants (₦ 5,000-₦ 8,000) gives a total initial investment of ₦ 25,000-₦ 30,000. By comparison, 
a small tubular digester (5-10 m3) may cost ₦ 120,000-₦ 200,000 in Nigeria, while a floating drum system may 
exceed ₦ 250,000.

If 268.6 L of biogas (0.27 m3) is produced monthly, this equates to 3.24 m3 per year per cylinder unit. While 
modest, the cylinder digester can offset a fraction of household LPG costs (₦ 1,200-₦ 1,500 per kg, ₦ 900 per m3 
biogas equivalent). Scaling to multiple cylinders or continuous feeding could improve cost recovery.

Thus, the cylinder digester offers a cost-conscious entry point for households and small farms, though scaling or 
clustering of units would be required to make it fully competitive with household LPG substitution.

With 0.15 kg LPG-equivalent gas produced over 30 days, estimated savings are ~₦ 180/month at current LPG 
prices. Though modest, benefits scale with continuous operation, co-digestion, and multiple units.

5. Conclusion
The repurposed cylinder digester demonstrated short-term reliability and operational stability. While the results 

suggest potential for long-term application, definitive claims require prolonged testing and durability assessments under 
diverse operating conditions.

The study confirms that repurposed LPG cylinders can function effectively as small-scale digesters, producing 
consistent biogas with methane contents of  60-65%. Compared to drum and polyethylene digesters, the system offers 
portability and safety advantages but faces durability and scale-up challenges. 

The findings suggest promising short-term performance, but the lack of microbial and Volatile Fatty Acid (VFA) 
profiling limits mechanistic interpretation. Future work should incorporate such analyses to clarify methane dynamics 
and long-term process stability.
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Appendix A. Safety guidelines for cylinder digesters
1. Perform leak tests with soapy water before operation.
2. Install pressure-relief valves and flame arrestors.
3. Regularly inspect for corrosion, especially internal rusting.
4. Use H2S scrubbers (steel wool or iron oxide).
5. Train users on safe ignition, ventilation, and monitoring.


