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Abstract 
Soak-away pits, common in rural and peri-urban 

sanitation systems, produce methane-rich biogas 

through anaerobic digestion of human waste and 

organic residues. Traditionally viewed only as 

effluent disposal structures, these pits represent 

untapped energy resources. Capturing and utilizing 

their gas can simultaneously reduce greenhouse gas 

emissions, enhance household energy security, and 

improve sanitation outcomes. A typical 5-person 

household, for instance, could displace up to 38 kg 

of LPG annually while avoiding 1.57 tCO₂e 

methane emissions, whereas a 150-student hostel 

could prevent 15–47 tCO₂e/year and meet a 

significant share of cooking energy demand. This 

article synthesizes evidence from scientific 

literature, field case studies, and international 

guidelines, and proposes a practical framework for 

harnessing soak-away pit gas. It explores microbial 

processes, retrofit and design options, safety 

management—including hydrogen sulfide (H₂S) 

removal—socio-cultural acceptance, and policy 

frameworks. Practical implementation checklists 

and case insights from Africa and Asia are included. 

The paper concludes with recommendations for 

scaling this technology in low- and middle-income 

countries, particularly Nigeria. 

Keywords: soak-away pits, biogas, anaerobic 

digestion, sanitation safety planning, methane 

recovery, Nigeria 

 

I. Introduction 
Access to affordable, reliable, and clean 

household energy remains a pressing challenge 

across low- and middle-income countries, especially 

in Sub-Saharan Africa and South Asia. At the same 

time, the improper management of wastewater and 

fecal sludge from households and institutions poses 

major environmental and health risks. Soak-away 

pits—also called leach pits or soak pits—are widely 

used onsite sanitation solutions, often in 

combination with septic tanks. Under anaerobic 

conditions, microbial digestion of human waste in 

these pits produces methane (CH₄), carbon dioxide 

(CO₂), and trace gases, collectively known as 

biogas. 

Globally, methane emissions from 

sanitation and wastewater contribute an estimated 

2–3% of total anthropogenic CH₄, a share projected 

to rise as urban populations grow and waste 

infrastructure lags. This makes sanitation-linked 

methane both a challenge and an opportunity: 

capturing it can directly mitigate climate change 

while delivering energy co-benefits. 

Methane is a potent greenhouse gas but 

also a valuable clean-burning fuel. Harnessing it 

from soak-away pits creates a dual benefit: 

mitigating climate emissions while substituting 

expensive or polluting fuels such as wood, charcoal, 

and kerosene. Properly engineered systems reduce 

odors, minimize uncontrolled emissions, and 

generate a renewable cooking gas for households 

and institutions. However, unmanaged soak-away 

gas poses hazards, notably explosion risk, 

asphyxiation, and H₂S toxicity. 

For Nigeria, the relevance is immediate. 

Over 70% of households rely on solid biomass for 

cooking, driving deforestation, household air 

pollution, and energy poverty. Meanwhile, more 

than 46 million Nigerians lack access to safely 

managed sanitation. Converting soak-away pits into 

safe, productive biogas systems directly advances 

SDG 7 (Affordable and Clean Energy) and SDG 6 

(Clean Water and Sanitation), offering an integrated 

solution to two of the country’s most persistent 

development gaps. 

This article explores the feasibility of such 

conversion, integrating microbial fundamentals, 

design principles, safety protocols, policy contexts, 

and case studies to outline a pathway for cleaner 

energy and better sanitation. 

 

II. Scientific Basis of Gas Formation 
2.1 Anaerobic Digestion Stages 

Biogas production in soak-away pits 

results from anaerobic digestion, a microbial process 
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where organic matter decomposes in an oxygen-free 

environment. This digestion occurs through four 

sequential stages: hydrolysis, acidogenesis, 

acetogenesis, and methanogenesis. In the hydrolysis 

phase, complex organic polymers such as 

carbohydrates, proteins, and lipids are enzymatically 

broken down into simpler molecules like sugars, 

amino acids, and fatty acids. During acidogenesis, 

acidogenic bacteria ferment these simpler 

compounds to produce volatile fatty acids (VFAs), 

hydrogen (H₂), and carbon dioxide (CO₂). The 

acetogenesis stage involves the conversion of VFAs 

into acetate, hydrogen, and CO₂ by acetogenic 

bacteria, which are critical substrates for methane 

production. Finally, methanogenesis is performed by 

methanogenic archaea, which convert acetate and 

hydrogen into methane (CH₄) and CO₂. This 

multistage process stabilizes organic matter and 

generates a combustible gas mixture that can be 

harnessed for energy recovery (Khanal et al., 2017; 

Angelidaki et al., 2018). 

The biogas produced typically contains 

50–70% methane, 30–50% CO₂, and trace amounts 

of hydrogen sulfide (H₂S) and ammonia (NH₃), 

making it a valuable renewable energy source when 

effectively captured and utilized. The efficiency of 

biogas production depends on factors such as 

temperature, pH, organic loading rates, and the 

composition of the microbial communities involved. 

Table 1 presents the typical biogas composition in 

soak-away pit systems. A clear understanding of 

these digestion stages and controlling environmental 

conditions can enhance gas yields and reduce the 

environmental risks associated with untreated 

organic waste (Sun et al., 2019; Li et al., 2021). 

 

Table 1: Typical Composition of Biogas from Anaerobic Digestion 

Gas Component Percentage (%) 

Methane (CH₄) 50–70 

Carbon Dioxide (CO₂) 30–50 

Hydrogen Sulfide (H₂S) 0–3 

Ammonia (NH₃) Trace (<1) 

 

2.2 Conditions in Soak-Away Pits 

Anaerobic digestion operates most 

efficiently under controlled mesophilic conditions, 

typically within a temperature range of 30 °C to 

38 °C, a neutral pH (6.8–7.4), and a hydraulic 

retention time (HRT) of 20–40 days. These 

parameters foster the metabolic activities of 

hydrolytic, acidogenic, acetogenic, and 

methanogenic microbes responsible for breaking 

down organic waste and producing methane. 

Deviations from these optimal conditions can 

significantly reduce microbial activity, particularly 

among methanogens, thereby lowering gas yields 

and compromising process stability (Wikipedia, 

2025; Kothari et al., 2014). A recent study 

emphasized that maintaining temperature between 

33–36 °C and pH between 6.5–7.2 led to improved 

and consistent methane production in mesophilic 

digesters (Tandfonline, 2024). 

In contrast, soak-away pits, which are 

primarily designed for the passive disposal of fecal 

sludge and wastewater, lack such environmental 

control. Nevertheless, their moist and oxygen-

deprived environment inadvertently supports partial 

anaerobic digestion. While this can lead to some 

biogas generation, the absence of containment and 

gas collection infrastructure results in methane 

(CH₄) and hydrogen sulfide (H₂S) emissions directly 

into the environment. This uncontrolled release not 

only contributes to greenhouse gas emissions but 

also causes odour nuisances and public health 

concerns. Retrofitting soak-away pits with 

impermeable linings, low-cost gas capture systems, 

or transitioning to biodigester-based sanitation 

technologies can mitigate these environmental 

impacts and enhance energy recovery (Tandfonline, 

2024). 
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III. Design and Engineering Options 
3.1 Retrofit Options 

 
a. Schematic of biogas capture and 

treatment systems      

b. A schematic diagram of a soak-away retrofit 

with gas capture 

 

Sealing with airtight domes incorporating gas 

ports and pressure relief valves 

To efficiently capture biogas from soak-

away pits, retrofits often begin by sealing the pit 

with a durable cover, such as a reinforced concrete 

slab or prefabricated dome. These structures create 

an anaerobic “chamber,” preventing gas loss and 

creating a controlled environment for gas collection. 

Built-in gas ports allow for safe extraction, while 

relief valves mitigate overpressure—reducing the 

risk of structural failure or hazardous leaks 

(BioCycle, 2016). 

 

Installing with condensate traps 

Transporting biogas safely requires 

corrosion-resistant pipelines made from HDPE or 

uPVC. These lines must include condensate traps at 

low points to capture moisture as biogas cools, 

preventing blockages and preserving system safety. 

Biocycle (2016) recommends maintaining a slope of 

at least 2% and installing automatic drip traps every 

200–250 feet to avoid flow obstructions and protect 

downstream equipment. 

 

Adding H₂S scrubbers and moisture removal 

units 

Raw biogas often contains harmful hydrogen sulfide 

(H₂S) and moisture, both of which can damage 

appliances. To address this, systems may 

incorporate biological H₂S scrubbers or iron sponge 

media, achieving removal efficiencies up to 98%, 

while requiring minimal maintenance (CRA, n.d.; 

Biogas Products Ltd., n.d.). Such units ensure safer 

and cleaner gas for household or small-scale use. 

 

Ensuring safe effluent discharge via soak 

trenches or constructed wetlands 

Post-digestion effluent needs proper handling to 

avoid environmental contamination. Routing 

effluent into constructed wetlands offers an 

effective, eco-friendly treatment: vegetation and 

microbial action reduce pathogenic load and nutrient 

concentrations, making the effluent suitable for 

reuse—especially valuable in water-scarce areas 

(IWA Publishing, 2024). 

 

3.2 New Hybrid Designs 

 

 
Biodigester-septic hybrid system 
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For new on-site sanitation systems, 

biodigester–septic hybrid designs offer a sustainable 

approach by combining anaerobic digestion with 

biogas recovery in a single integrated structure. 

These systems usually consist of dual chambers—

one designated for primary digestion and separation 

of solids, and the other for further treatment of 

effluent. A gas dome, fixed or floating, is installed 

over the digestion chamber and fitted with pressure 

relief valves to safely capture and regulate biogas 

emissions. The inclusion of internal baffles helps 

increase the retention time of waste, thereby 

enhancing the efficiency of digestion and 

maximizing methane production. These hybrid 

systems not only improve the breakdown of organic 

waste but also reduce odor and environmental 

contamination, while offering the added benefit of 

on-site renewable energy generation, especially in 

off-grid or low-income areas. As highlighted by 

Tilley et al. (2014), such integrated designs are well-

suited for peri-urban communities seeking 

sustainable sanitation solutions that also support 

energy self-sufficiency. 

 

3.3 Gas Cleaning and Upgrading 

Biogas produced from soak-away pits or 

hybrid biodigesters typically contains impurities 

such as hydrogen sulfide (H₂S), carbon dioxide 

(CO₂), moisture, and siloxanes, which must be 

removed before the gas can be used effectively. For 

household cooking applications, basic cleaning is 

generally sufficient. This includes moisture removal, 

achieved using condensate traps or passive drying 

systems, and H₂S scrubbing, often using iron oxide, 

activated carbon, or ferrous filters, to prevent 

corrosion and foul odors. These low-cost solutions 

significantly improve the safety and efficiency of 

biogas for domestic use, especially in rural or peri-

urban settings where advanced equipment may not 

be accessible. 

However, in cases where higher purity 

biomethane is required—for example, for bottling, 

vehicle fuel, or injection into natural gas grids—

more advanced upgrading techniques are necessary. 

These include water scrubbing, which uses water 

under pressure to absorb CO₂ and H₂S; membrane 

separation, which selectively filters out CO₂ 

molecules; and pressure swing adsorption (PSA), a 

method that separates gases under varying pressures 

using adsorbent materials (Angelidaki et al., 2018). 

These methods can raise methane purity levels to 

over 95%, making the gas suitable for a wider range 

of commercial and industrial applications (Sun et 

al., 2015). While costlier and more complex, these 

technologies are increasingly being integrated into 

centralized biogas facilities in developing regions as 

the demand for clean energy grows. 

 

IV. Safety and Risk Management 
The use of biogas in domestic and small-scale 

applications demands adherence to strict safety 

protocols due to the flammable and toxic nature of 

its components. Methane (CH₄), which constitutes 

the bulk of biogas, becomes explosive when mixed 

with air at concentrations between 5% and 15%, 

while hydrogen sulfide (H₂S) is acutely toxic, with 

exposure levels above 100 ppm posing severe health 

risks, including respiratory paralysis and death 

(Ajayi & Balusu, 2017; OSHA, 2020). 

Installing flame arrestors and non-return valves 

at the inlets of biogas appliances is essential to 

prevent flame flashback and gas backflow, both of 

which can lead to explosions or fires. Flame 

arrestors work by dissipating heat from a flame 

front, preventing it from traveling back into the 

biogas line, while non-return valves ensure 

unidirectional gas flow, especially critical in low-

pressure systems. These devices are standard in 

international safety codes for domestic gas 

installations. 

Leak testing is another critical safety practice. 

Users and technicians should routinely check for 

leaks using soap solution, which forms visible 

bubbles at leak points, or with portable gas detectors 

that can sense methane or H₂S even at low 

concentrations. Regular testing helps prevent 

accidental ignition and toxic exposure, especially in 

enclosed or poorly ventilated space. 

Confined-space entry protocols must be strictly 

followed before entering biodigesters, sealed pits, or 

gas chambers. These spaces can contain lethal 

concentrations of H₂S, CO₂, or methane, which 

displace oxygen and cause asphyxiation. 

International standards recommend the use of gas 

monitors, personal protective equipment (PPE), and 

the presence of a standby observer trained in 

confined-space rescue procedures (WHO, 2015). 

User education is equally important. Operators and 

household members should be trained to recognize 

the characteristic "rotten-egg" smell of H₂S and 

understand immediate actions in case of suspected 

gas leaks, such as ventilating the area, turning off 

gas valves, and avoiding open flames. Such 

awareness significantly reduces the risk of accidents 

in biogas-using households (Tilley et al., 2014). 

The World Health Organization’s Sanitation 

Safety Planning (SSP) framework provides a 

systematic approach to identifying and managing 

health risks throughout the sanitation service 

chain—including biogas systems. It emphasizes 
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hazard identification, exposure assessment, risk 

mitigation, and monitoring, making it a valuable 

tool for institutions and communities adopting 

biogas technologies (WHO, 2015). 

 

V. Applications and Energy Potential 

This section gives illustrative, evidence-based 

projections of biogas volumes, energy yield, and 

avoided emissions for typical households, 

institutional hostels, and small communities. All 

projections use conservative ranges and explicit 

assumptions so readers can adapt them to local 

conditions. 

 

Key assumptions 

• Faeces-based biogas yield per adult: 0.03–0.06 

m³ CH₄-rich biogas per day. 

• Household size (example): 5 persons. 

• Energy equivalence: 1 m³ biogas ≈ 6 kWh 

(useful thermal energy) and ≈ 0.43 kg LPG 

equivalent. 

• Capture (collection + system) efficiency: 50–

80% (range to account for leakage, incomplete 

capture, system downtime). 

• Methane mass density: ≈ 0.716 kg CH₄ per m³ 

(at near-STP). 

• Global Warming Potential (GWP100) used: 25 

All arithmetic below is shown so readers can follow 

or re-run with alternate assumptions. 

 

5.1 Household-scale (example household = 5 

people) 

1. Daily raw biogas production  

o Lower: 0.03 m³/adult/day × 5 adults = 0.03 

× 5 = 0.15 m³/day. 

o Upper: 0.06 m³/adult/day × 5 adults = 0.06 

× 5 = 0.30 m³/day. 

2. Annual raw biogas production 

o Lower: 0.15 m³/day × 365 = 54.75 m³/year. 

o Upper: 0.30 m³/day × 365 = 109.50 

m³/year. 

3. Captured (usable) biogas at 50–80% capture 

efficiency 

o Lower captured: 54.75 × 0.50 = 27.375 

m³/year. 

o Upper captured: 109.50 × 0.80 = 87.60 

m³/year. 

4. Useful energy (kWh) from captured gas 

o Lower: 27.375 m³ × 6 kWh/m³ = 164.25 

kWh/year. 

o Upper: 87.60 m³ × 6 kWh/m³ = 525.60 

kWh/year. 

5. LPG equivalent displaced 

o Lower: 27.375 m³ × 0.43 kg LPG/m³ = 

11.77 kg LPG/year. 

o Upper: 87.60 m³ × 0.43 kg LPG/m³ = 37.67 

kg LPG/year. 

6. Avoided methane emissions (CO₂e) if captured 

instead of released 

o Methane mass captured (kg) = captured m³ 

× 0.716 kg CH₄/m³. 

▪ Lower mass: 27.375 × 0.716 = 19.6005 kg 

CH₄/year. 

▪ Upper mass: 87.60 × 0.716 = 62.716 kg 

CH₄/year. 

o CO₂e avoided = CH₄ mass × GWP100 (25): 

▪ Lower CO₂e: 19.6005 × 25 = 490.01 kg 

CO₂e/year. 

▪ Upper CO₂e: 62.716 × 25 = 1,568.04 kg 

CO₂e/year. 

 

Interpretation (household): A 5-person household 

with an effectively captured soak-away system 

could realistically obtain ~160–526 kWh/year of 

useful thermal energy — equivalent to ~12–38 kg 

LPG/year — while preventing ~0.49–1.57 tonnes 

CO₂e/year of methane emissions. In many Nigerian 

contexts this can meaningfully displace a portion of 

household cooking fuel (particularly when 

combined with improved stove efficiency), and 

contributes a measurable climate mitigation benefit. 

 

5.2 Institutional example — hostel with 150 

students 

Using the same per-person yield and capture 

assumptions: 

1. Annual raw biogas 

o Lower raw: 0.03 × 150 × 365 = 1,642.5 

m³/year. 

o Upper raw: 0.06 × 150 × 365 = 3,285.0 

m³/year. 

2. Captured biogas (50–80%) 

o Lower captured: 1,642.5 × 0.50 = 821.25 

m³/year. 

o Upper captured: 3,285.0 × 0.80 = 2,628.0 

m³/year. 

3. Useful energy (kWh) 

o Lower: 821.25 × 6 = 4,927.5 kWh/year. 

o Upper: 2,628.0 × 6 = 15,768.0 kWh/year. 

4. CO₂e avoided 

o Lower: 821.25 × 0.716 × 25 = 14,700.38 

kg CO₂e/year (≈14.7 tCO₂e/year). 

o Upper: 2,628.0 × 0.716 × 25 = 47,041.20 

kg CO₂e/year (≈47.0 tCO₂e/year). 

Interpretation (hostel): A 150-student facility could 

realistically capture ~0.82–2.63×10³ m³/year of 

biogas — enough for ~5–16 MWh/year of thermal 

energy, often sufficient to meet a substantial share of 
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institutional cooking energy needs (shared kitchens) 

and yielding ~15–47 tCO₂e/year of avoided methane 

emissions. 

 

5.3 Community example — 100 households 

Scaling the household example to a small 

community (100 households of 5 people): 

1. Captured biogas 

o Lower: 27.375 m³/household × 100 = 

2,737.5 m³/year. 

o Upper: 87.60 m³/household × 100 = 

8,760.0 m³/year. 

2. Useful energy (kWh) 

o Lower: 2,737.5 × 6 = 16,425 kWh/year 

(≈16.4 MWh/year). 

o Upper: 8,760.0 × 6 = 52,560 kWh/year 

(≈52.6 MWh/year). 

3. CO₂e avoided 

o Lower: 2,737.5 × 0.716 × 25 = 49,001.25 

kg CO₂e/year (≈49.0 tCO₂e/year). 

o Upper: 8,760.0 × 0.716 × 25 = 156,804.00 

kg CO₂e/year (≈156.8 tCO₂e/year). 

Interpretation (small community): A 100-household 

community that successfully captures soak-away 

biogas can produce tens of MWh/year of thermal 

energy and avoid ~50–157 tCO₂e/year, making 

community-scale capture attractive both for energy 

access and for aggregated climate benefits. 

 

Table 2. Estimated Biogas Yields, Energy Potential, and Emissions Avoided from Soak-Away Gas Capture 

Scale (example) 

Captured 

Biogas 

(m³/year) 

Useful Energy 

(kWh/year) 

LPG 

Equivalent 

(kg/year) 

Methane 

Avoided (kg 

CH₄/year) 

Emissions 

Avoided 

(tCO₂e/year) 

Household (5 

persons) 
27 – 88 164 – 526 12 – 38 20 – 63 0.49 – 1.57 

Hostel (150 students) 821 – 2,628 4,928 – 15,768 353 – 1,131 588 – 1,881 14.7 – 47.0 

Community (100 

households, ~500 

persons) 

2,738 – 8,760 16,425 – 52,560 1,177 – 3,767 1,960 – 6,271 49.0 – 156.8 

 

 
Bar charts showing biogas potential, energy potential, and emissions avoided across household, hostel, and 

community scales. 

 

5.4 Notes, uncertainties and practical 

caveats 

1. These projections are illustrative and should be 

adapted to local data (faeces production, co-

digestion with kitchen/organic waste, 

temperatures, pH, desludging frequency, and 

actual capture efficiency). 

2. Capture efficiency (50–80%) is a key lever: 

improving seals, reducing leaks, and ensuring 

continuous piping and valves can move projects 

toward the upper end of the range. 

3. Real systems often benefit from co-digestion 

(food/kitchen waste, agricultural residues) which 

can raise per-person yields beyond the faeces-

only values used here. Conversely, heavy 

dilution (large greywater flows) or frequent 

desludging can lower yields. 

4. Energy use must be matched to demand patterns; 

biogas is best used close to generation (cooking, 
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institutional kitchens). For storage or higher-

value uses (bottling, vehicle fuel), upgrading and 

compression add cost and losses. 

5. Emission avoidance calculations assume 

methane would otherwise be released to 

atmosphere. If methane is flared instead of used, 

climate benefits are reduced but still present 

(CH₄ → CO₂ conversion). 

 

5.5 Short checklist for applying these projections 

in the field 

1. Measure or estimate: users per pit, daily waste 

input, and presence of co-substrates. 

2. Run the above arithmetic with local numbers 

(replace 0.03–0.06 m³/adult/day if you have site 

measurements). 

3. Estimate capture efficiency from site survey 

(seal quality, piping, emissions). 

4. Translate captured m³ to energy (×6 kWh/m³) 

and LPG equivalent (×0.43 kg/m³). 

5. Assess safety upgrades and gas cleaning needs 

before linking to stoves. 

 

VI. Socio-Economic and Environmental 

Benefits 
6.1 Environmental Gains: 

Capturing methane through biodigester or soak-

away retrofits significantly reduces greenhouse gas 

emissions, particularly methane (CH₄), which is 

over 25 times more potent than CO₂ in trapping heat 

over a 100-year period. In addition to climate 

benefits, improved containment of human waste also 

prevents groundwater contamination and supports 

better sanitation outcomes in densely populated or 

flood-prone areas. Furthermore, reducing open 

defecation and leaching from latrines minimizes 

pathogen spread in the environment (UNEP, 2019). 

 

6.2 Economic Savings: 

Households using biogas for cooking can realize 

substantial fuel cost savings, depending on previous 

expenditures on firewood, charcoal, or liquefied 

petroleum gas (LPG). Additionally, the digestate by-

product of anaerobic digestion serves as a potent 

organic fertilizer, helping to reduce costs for 

smallholder farmers. 

 

Table 3: Energy Equivalence of 1 m³ of Biogas Compared with Common Household Fuels 

Fuel Type 
Average Energy 

Content 

Equivalent to 1 m³ 

Biogas (~6 kWh) 
Typical Household Use Case 

Firewood 4.0 kWh/kg (air-dried) ≈ 1.5 kg firewood Boiling ~10–12 liters of water 

Charcoal 7.0 kWh/kg ≈ 0.9 kg charcoal 
Cooking a family meal for 4–5 

persons 

LPG 

(butane/propane 

mix) 

12.5 kWh/kg (~26 

MJ/kg) 

≈ 0.48 kg LPG (≈0.9 

liters) 

One full day of cooking for a 5-

person household 

Kerosene 
11.8 kWh/kg (~43 

MJ/liter, density 0.8 kg/l) 

≈ 0.51 kg kerosene 

(≈0.64 liters) 

Preparing 2–3 hot meals on a wick 

stove 

Electricity 1 kWh/unit ≈ 6 kWh electricity 
Running a 1 kW hotplate for 6 

hours 

 

6.3 Health Improvements: 

Switching from traditional biomass fuels to biogas 

significantly reduces indoor air pollution, one of the 

leading causes of respiratory diseases in low-income 

households. Clean combustion eliminates smoke, 

carbon monoxide, and particulate matter, thereby 

decreasing the incidence of asthma, chronic 

bronchitis, and other respiratory illnesses—

especially among women and children who spend 

the most time near cooking areas (WHO, 2016). 

 

6.4 Gender and Social Impact: 

Biogas adoption improves gender equity by easing 

the domestic burden on women, who are often 

responsible for gathering fuel and cooking. The use 

of biogas reduces time and physical effort spent 

collecting firewood, which can be redirected toward 

income-generating activities or education. Health 

improvements due to cleaner indoor environments 

also enhance women’s well-being and reduce 

caregiving demands (ENERGIA, 2019). 

 

6.5 Local Economy: 

Biogas system deployment stimulates local job 

creation in construction, maintenance, and user 

training. From masons and plumbers to biogas 

technicians and agricultural extension workers, the 

entire value chain supports small enterprises and 

rural livelihoods. This economic stimulation fosters 

community ownership, builds local capacity, and 
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promotes long-term sustainability of the systems 

(IRENA, 2018). 

 

VII. Challenges and Limitations 
Despite the appeal of biogas systems in 

decentralized sanitation and energy models, several 

technical and operational challenges persist. For 

instance, blockages in inlets and outlets are common 

due to the accumulation of non-biodegradable 

materials and poor waste segregation, which can 

reduce gas production or cause full system failure. 

Additionally, gas leakage due to substandard sealing 

or inferior construction materials can compromise 

both safety and efficiency. A major technical 

concern also lies in seasonal temperature 

variations—as anaerobic digestion performs 

optimally between 30–38°C. In colder months, 

microbial activity slows, leading to reduced biogas 

yield. A study in Bangladesh found that methane 

content dropped from 61% in autumn to 56% in 

winter, while hydrogen sulfide (H₂S) levels 

increased, due to microbial imbalance at lower 

temperatures (Zaman et al., 2021). Effective 

insulation, passive solar heating, or heat-exchange 

systems have been proposed as solutions to stabilize 

internal temperatures (Garkoti et al., 2024). 

Beyond technical limitations, socio-cultural 

and financial barriers also inhibit large-scale 

adoption. Safety risks, including the potential for 

gas explosions or exposure to H₂S, remain high 

when biogas is not adequately scrubbed or safely 

stored. Moreover, many communities are still 

reluctant to adopt systems linked to human excreta 

due to strong cultural taboos. However, research 

conducted in India revealed that this resistance is 

nuanced and often tied to a lack of exposure or 

misunderstanding of the technology; targeted 

community engagement and demonstration projects 

were found to increase acceptance significantly 

(Williams et al., 2022). On the economic front, the 

initial retrofitting cost may be prohibitive for low-

income households, particularly in the absence of 

microfinance, government subsidies, or cooperative 

investment models. These financial hurdles 

underscore the need for integrated policy, education, 

and financing mechanisms to support sustainable 

uptake. 

 

VIII. Case Study – Institutional Biogas in 

Nigerian and Indian Conditions 
In Nigeria, institutional biogas 

implementation has proven feasible and impactful, 

particularly within educational and correctional 

facilities. At the Federal University of Technology, 

Akure (FUTA), a 150 kW biogas plant was 

commissioned in 2017, using agricultural residues 

and kitchen waste to supply clean energy, manage 

organic waste, and reduce dependence on fossil 

fuels. The project stands out for its success in co-

digestion and structured operations, setting a model 

for academic institutions across the country. 

Similarly, since 2018, the United Nations Industrial 

Development Organization (UNIDO) has supported 

biogas systems in Nigerian correctional facilities, 

where human and organic waste are digested to 

provide gas for cooking and improve sanitation 

conditions.  

South Asia has been a global pioneer in 

linking on-site sanitation to biogas recovery. In 

India, more than 4.5 million family-sized biogas 

plants have been installed under the National Biogas 

and Manure Management Programme (NBMMP), 

with many linked directly to pour-flush toilets. 

These systems divert human waste into small 

digesters, producing cooking gas for daily 

household use while simultaneously addressing 

sanitation challenges. 

These projects underscore key success 

factors including co-digestion of multiple waste 

streams, community involvement, and ongoing 

maintenance support (My Engineers, 2024). 

 

IX. Policy and Future Directions 
Government policies play a critical role in 

scaling up biogas adoption by creating enabling 

environments that address financial, technical, and 

regulatory barriers. Incorporating biogas-ready 

septic and soak-away standards into national 

building codes ensures that new sanitation 

infrastructure can be easily retrofitted or built with 

gas capture capabilities, reducing methane 

emissions and enhancing energy recovery (IEA, 

2021). Furthermore, offering subsidies, rebates, and 

incentives for retrofitting existing pits and installing 

biodigesters can lower upfront costs and encourage 

household and institutional adoption (IRENA, 

2022). Financial innovations such as results-based 

financing and micro-credit schemes tailored to low-

income communities are essential to overcome 

economic barriers and improve access to clean 

cooking fuels (WHO, 2021). Integrating biogas into 

broader clean-cooking initiatives and national 

climate action plans also leverages synergies 

between health, energy, and environmental goals, 

enabling multi-sectoral collaboration and funding 

(UNEP, 2023). 

Emerging opportunities in technology and 

integration promise to further enhance the value 

proposition of biogas systems. For example, 
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coupling biogas production with solar micro-grids 

can stabilize energy supply in off-grid areas by 

providing complementary renewable energy sources 

and increasing system resilience (IRENA, 2022). 

The development of modular, scalable gas 

upgrading kits enables households and institutions 

to purify biogas to biomethane quality suitable for 

broader energy applications, including vehicle fuel 

and grid injection (IEA Bioenergy, 2023). 

Additionally, advances in digital monitoring and IoT 

sensors facilitate real-time tracking of methane and 

hydrogen sulfide levels, improving safety, 

optimizing digester performance, and enabling 

predictive maintenance (World Bank, 2022). These 

innovations, coupled with supportive policies, can 

accelerate the transition towards sustainable and 

decentralized energy solutions that mitigate climate 

change while improving sanitation and livelihoods. 

 

X. Conclusion 
Harnessing gas from soak-away pits is 

technically feasible, socially beneficial, and 

environmentally urgent. With modest investment 

and community engagement, households and 

institutions can convert sanitation liabilities into 

valuable energy resources. Adoption requires careful 

engineering, strong safety management, and 

supportive policy frameworks. When combined with 

awareness campaigns and financial mechanisms, 

soak-away biogas can play a transformative role in 

sustainable development across Nigeria and beyond. 
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