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ABSTRACT :

Biogas production from organic materials offers a sustainable alternative for waste management and renewable energy generation. This study explores the
optimization of biogas production from a mixture of hygienic paper waste, Eichhornia crassipes, and human excreta. An anaerobic digester experiment was
conducted to determine the optimal parameters for biogas production. Community acceptability was assessed through a perception survey. The results indicate that
the Eichhornia crassipes + human excreta + hygienic paper mixture achieved a methanogenic yield of 480 + 18 mL/g VS, an improvement compared to individual
substrates. The methane (CHa4) content reached 65%, while the HzS concentration was reduced, improving the biogas’s energy quality. The optimized C/N ratio
(~25:1) promoted microbial balance, reducing the risks of acidification and methanogenesis inhibition. Although 65% of surveyed households expressed willingness
to use biodigesters incorporating human excreta, cultural reluctance remains among 30% of respondents, necessitating awareness and education initiatives. Further

studies and pilot projects will be essential to demonstrate the large-scale viability of the system and address remaining social and economic barriers.
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Introduction

Biogas production is a sustainable energy alternative that enables the valorization of organic waste while reducing its environmental impact. Optimizing
this production is a key challenge for improving both the efficiency and acceptance of biodigesters in a community setting. Among the studied substrates,
hygienic paper waste, Eichhornia crassipes, and human excreta are of particular interest due to their abundance and high methanogenic potential
(Mshandete et al., 2006; Owamabh et al., 2014; Dzokom et a/., 2023; Makofane, 2018; Dzokom et al., 2024a,b; Dzokom, 2025a,b,c).

Eichhornia crassipes, commonly known as water hyacinth, is an invasive plant that proliferates in tropical wetlands. Its use in anaerobic digestion not
only helps control its ecological impact but also provides a renewable energy source (Nigam & Singh, 2011; Kang & Yuan, 2017). Human excreta,
though socially sensitive, contain rich, easily degradable organic matter that enhances biogas production (Kjerstadius et a/., 2013). The integration of
hygienic paper waste as a co-substrate could improve the carbon/nitrogen (C/N) ratio, a crucial parameter for optimizing methane production (Yadvika
et al., 2004; Dzokom et al., 2023; Dzokom et a/., 2024a,b).

However, the community acceptability of such technology remains a major challenge. Sociocultural, hygienic, and regulatory factors influence the
adoption of biodigesters using human excreta. Several studies indicate that local community involvement and adequate awareness campaigns can enhance
acceptance and integration of this approach into rural energy systems (Strande et al., 2014; Schouten & Mathenge, 2010; Dzokom, 2025a,b,c).

Thus, this study aims to optimize biogas production by combining these three types of substrates while assessing community perceptions to propose
effective implementation strategies.

Materials and Methods
1. Study Area
The study was conducted from January to December 2023 and involved the collection of raw fecal material and Eichhornia crassipes samples from

various points in the villages of Oudahay, Goloza, and Tada. The physicochemical parameters analyzed included pH, conductivity, dissolved oxygen,
and biomethane concentration (APHA, 2017).
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Figure 1: Zone d’étude

Statistical analysis was performed using the Kruskal-Wallis test to compare differences between sampling sites, with a significance level set at 0.05.

2. Materials Used

The experiment required the following elements:

®  Substrates:

O Eichhornia crassipes (water hyacinth) collected from local water bodies, pre-dried, and ground (Owamah et a/., 2014; Makofane,
2018).

O  Human excreta collected from ecological latrines and sanitized according to the recommendations of Strande et a/. (2014).
O  Hygienic paper waste recovered, dried, and ground to improve its biodegradability (Yadvika et al., 2004).

®  Equipment:
O  Experimental biodigesters (10 L) made of rigid plastic with outlet valves for biogas recovery (Mshandete et al., 2006).
O  Gas volume measurement system using water displacement (Kalia & Singh, 2004).
O  Biogas analyzer to measure methane, carbon dioxide, and other gas compositions (Raposo et a/., 2012; Simjanoski, 2012).
O  Thermometer and pH meter to monitor operating conditions (Angelidaki et /., 2009).

3. Experimental Methods

3.1 Substrate Pretreatment

The substrates were prepared as follows:

®  FEichhornia crassipes was dried at 60°C for 48 hours, ground into 2—5 mm particles, and pretreated by alkaline hydrolysis (Nigam & Singh,
2011).

®  Human excreta were collected and sanitized through solar drying to reduce pathogen load (Strande et al., 2014).
®  Hygienic paper waste was ground and mixed with water to form a homogeneous paste (Yadvika et al., 2004).

3.2 Anaerobic Fermentation

Anaerobic digestion was carried out in batch mode (discontinuous fermentation) under controlled conditions:
® (/N ratio adjusted between 20 and 30:1 to optimize methane production (Mshandete et al., 2006).
®  Temperature maintained at 37 + 2°C to promote methanogenic bacterial growth (Angelidaki et a/., 2009; Ardo & Clarkson, 2025).
®  [ncubation duration: 30 days, with daily gas sample collection.

3.3 Biogas Quality Analysis

Biogas quality was assessed using a gas analyzer, measuring:
®  Methane content (CHq) in %
®  Carbon dioxide (CO:) in %
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®  Other trace gases (H:S, NHs;) (Raposo et al., 2012).

3.4 Community Acceptability

The acceptability of this technology was evaluated through:
®  Sociological surveys conducted among 100 rural households and 50 farmers, following the method of Strande et al. (2014).

®  Focus group discussions to identify barriers and facilitators to the adoption of biodigesters using human excreta (Schouten & Mathenge,
2010).

Results and Discussion

1. Biogas Production and Methanogenic Yield

The experiment allowed for a comparison of the methanogenic performance of the different studied substrates (Eichhornia crassipes, human excreta, and
hygienic paper waste). The cumulative biogas production showed a progressive increase over the 30-day anaerobic digestion period, with a production
peak observed between the 12th and 18th day.

The mixture Eichhornia crassipes + human excreta produced an average of 420 + 15 mL/g DM (Dry Matter). The combination Eichhornia crassipes +
human excreta + hygienic paper waste reached 480 + 18 mL/g DM, demonstrating improved yield due to a better C/N ratio (Yadvika et al., 2004). Human
excreta alone generated 310 + 12 mL/g DM, which remains lower than the mixtures (Kjerstadius et al., 2013).

The addition of hygienic paper waste helped stabilize the C/N ratio around 25:1, thereby promoting a more efficient methanization process (Mshandete
et al., 2006). The buffering effect of Eichhornia crassipes also contributed to minimizing pH fluctuations, optimizing the activity of methanogenic
bacteria (Owamah et al., 2014; Dzokom, 2025a,b,c).

Table 1: Biogas Production and Methanogenic Yield

Substrate Used Average Biogas Production (L/kg DM) Methanogenic Yield (L
CHu/kg DM)
Hygienic Paper Waste (HPW) 250+ 15 150+ 10
Eichhornia crassipes (EC) 300 +20 180+ 12
Human Excreta (HE) 400 + 25 230+ 15
Mixture HPW + EC + HE (50:25:25) 480 +30 290 £ 18

1.1. Substrate Comparison

Human excreta (HE) alone produced the most biogas (400 L/kg DM) with a high methanogenic yield (230 L CHs/kg DM). This is due to its high content
of easily biodegradable organic matter (Raposo et al., 2012; Simjanoski, 2012). Eichhornia crassipes (EC) is also a good biogas source, but its high lignin
and cellulose content slows down biodegradation (Sawatdeenarunat et al., 2015). Hygienic paper waste (HPW) showed lower production, likely due to
chemical additives that slow down methanization (Zhou et al., 2021; Song et al., 2021).

1.2. Effect of Co-Digestion

The mixture of the three substrates (HPW + EC + HE) significantly improved biogas production (480 L/kg DM) and methanogenic yield (290 L CHa/kg
DM). This synergy is explained by the complementarity of nutrients and better degradation of complex organic matter, thanks to the buffering effect
provided by human excreta (El-Mashad & Zhang, 2010).

1.3. Community Acceptability

According to several studies, the acceptability of using human excreta in methanization depends on sociocultural aspects and local perceptions of organic

waste (Jothinathan & Singh, 2023). Raising awareness about the environmental and health benefits of biogas can improve community adoption
(Montgomery & Elimelech, 2007).

2. Biogas Composition
2.1. Methane (CHy) Content and Energy Efficiency

The highest methane content (60.5 = 3.0%) was obtained with the substrate mixture (HPW + EC + HE). This is due to the optimization of organic
compound biodegradation through co-digestion, which balances C/N ratios and enhances microbial synergy (El-Mashad & Zhang, 2010). Human excreta
alone (HE) showed good performance (55.6 + 2.7%) due to its richness in fermentable materials (Raposo et al., 2012).

The analysis of biogas composition revealed variations depending on the substrate mixture. The following table details the biogas composition:
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Table 2: Biogas Composition Based on Substrate Used

Substrate Used CH, (%) CO, (%) | H,S (ppm) | Other Gases (%)
Hygienic Paper Waste (HPW) 502+23 | 445+21 | 250+ 30 53+1.0
Eichhornia crassipes (EC) 528+25 | 41.8+1.8 | 220+ 25 5.4+ 0.8
Human Excreta (HE) 55,6 £2.7 | 39.2+1.9 | 28035 52409

Mixture HPW + EC + HE (50:25:25) | 60.5+3.0 | 35.7+ 1.5 | 190 + 20 3.8+0.7

2.2. Carbon Dioxide (CO:) Concentration

Individual substrates produce biogas with high CO: levels (~40-45%), reducing its quality. Co-digestion lowers the CO: fraction to 35.7 + 1.5%, thus
improving the calorific value of the biogas (Weiland, 2010).

2.3. Hydrogen Sulfide (H:S) Presence

Biogas from human excreta contains the highest concentration of H2S (280 + 35 ppm), which can cause corrosion problems in equipment. Co-digestion
reduces this concentration to 190 + 20 ppm, making the biogas more usable without heavy treatment (Vijayan & Sureshkannan, 2025; Surendra et al.,
2014).

The presence of other gases (N2, NHs, O2) remains low (3.8-5.4%), with no significant impact on the energy utilization of the biogas.

3. Influence of Operational Parameters

A pH stability between 6.7 and 7.5 was maintained thanks to the buffering effect of water hyacinth and the adjustments made by adding paper waste
(Angelidaki et al., 2009). Systems without hygienic paper waste showed greater pH drops, risking methanogenesis inhibition. A mesophilic temperature
of 37 £ 2°C yielded the best results (Kalia & Singh, 2004; Dehkordi et a/., 2020). The optimal digestion duration was estimated between 25 and 30 days,
corresponding to methane production peaks (Mshandete et al., 2006).

3.1. Temperature

Maximum biogas production was achieved at 37°C, aligning with the optimal performance of mesophilic methanogenic bacteria (Weiland, 2010). A
temperature below 30°C slows microbial activity, whereas above 45°C, thermophilic bacteria produce more biogas but with an increased risk of process
instability (Saady & Massé, 2015).

3.2.pH

A pH around 7.2 promotes optimal methanogenesis. An acidic pH (<6.5) inhibits methanogens, while an alkaline pH (>8.0) leads to the accumulation of
toxic ammonia (Raposo et a/., 2012; Simjanoski, 2012; Khalid et al., 2011).

3.3. Carbon/Nitrogen (C/N) Ratio

A C/N ratio of 25 optimizes biogas production by ensuring a proper balance between the energy source (C) and the nutrients needed for microorganisms
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Graph 1: Effect of Parameters on Biogas Production and Methanogenic Yield
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A too low C/N ratio (<15) leads to excessive ammonia production, while a too high ratio (>30) limits biodegradation (El-Mashad & Zhang, 2010).
3.4. Organic Loading Rate (OLR)
An organic loading rate of 3.5 kg VS/m*/d maximizes biogas production without overloading the system. An excessive rate (>5 kg VS/m?/d) leads to the

accumulation of volatile acids, disrupting methanogenesis (Saady & Massé, 2015).
Table 3: Influence of Operational Parameters on Biogas Production

Parameter Tested Optimal Biogas Production Methanogenic Yield (L Reference
Range Value (L/kg DM) CHds/kg DM)

Organic Loading Rate (OLR, 05-6 3.5 470+ 28 285+ 17 (Lietal.,2018)

kg VS/m?/d)

Hydraulic Retention Time 10-50 30 500+ 40 310+ 22 (Zhou et al.,

(HRT, days) 2021)

Moisture Content (%) 60 - 90 80 485+ 32 295+ 19 Mu et al.,
2020)

3.5. Hydraulic Retention Time (HRT)

An optimal HRT of 30 days allows maximum conversion of organic matter into biogas. A too short HRT (<20 days) reduces biodegradation, while a too
long HRT (>40 days) does not bring significant improvements and slows down the production cycle (Zhou et a/., 2021; Song et al., 2021).

3.6. Moisture Content

A moisture content around 80% ensures optimal nutrient diffusion and increased bacterial activity. Excessive water (>90%) dilutes the substrates, while
a deficit (<70%) reduces microbial activity (Vijayan & Sureshkannan, 2025; Mu et al., 2020).

4. Community Acceptability

The acceptance of using human excreta in biogas production was studied through surveys and focus groups (Strande et al., 2014). The key findings
indicate:

®  Acceptance rate: 65% of surveyed households are favorable to using biodigesters incorporating human excreta, provided there are sanitary
guarantees.

®  Cultural barriers: 30% of respondents perceive the use of human excreta negatively due to sociocultural and religious reasons (Schouten &
Mathenge, 2010).

®  [ncentive factors: The main motivations for acceptance include reduced energy expenses and sustainable waste management (Owamah et al.,
2014; Makofane, 2018).

4.1. Knowledge and Awareness of Biogas

An average score of 3.8/5 indicates a moderate knowledge of biogas, but still insufficient for widespread adoption. Awareness campaigns could increase
the adoption rate (currently 65 + 5%) (Jothinathan & Singh, 2023; Dzokom et al., 2023; Dzokom et al., 2024a,b).
Table 4: Community Acceptability

Acceptability Criteria Average Score (Scale 1-5) | Adoption Rate (%)
Knowledge of biogas (level of information) 3.8£09 65+ 5
Acceptance of using biogas for cooking 4.2+0.8 72+ 4
Reaction to using human excreta 2.6=1.1 40+ 6
Perception of environmental benefits 4.5+ 0.6 80+ 3
Health concerns related to biogas use 3.0+ 1.0 50+ 5
Willingness to pay for biodigester installation 33£0.7 55+ 4

4.2. Acceptance of Biogas for Cooking

A score 0f 4.2/5 and an adoption rate of 72 + 4% indicate a high acceptance for cooking. This is due to the advantages of biogas: reduced fuel costs and
decreased harmful smoke emissions (Montgomery & Elimelech, 2007).
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4.3. Reactions to the Use of Human Excreta

With a score of 2.6/5 and an acceptance rate of only 40 + 6%, this criterion represents a major obstacle. Cultural reluctance and taboos regarding the use
of excreta in energy production remain significant (Strande et a/., 2014).

4.4. Perception of Environmental Benefits

One of the most positive aspects of the study: a score of 4.5/5 and 80 + 3% adoption. The population recognizes that biogas reduces deforestation and
pollution (Mekonnen et al., 2018).

4.5. Health Concerns

An average score of 3.0/5 and a rate of 50 = 5% reflect concerns about the sanitary safety of biogas. Some communities fear infection risks despite
anaerobic digestion eliminating pathogens (Semiyaga et al., 2015).

4.6. Willingness to Pay for a Biodigester

A moderate score of 3.3/5 with 55 + 4% adoption. The initial installation cost is a barrier, although the long-term economic benefits are recognized (Rose
etal.,2015).

Overall, community acceptability of biogas is relatively high, especially for cooking and its environmental benefits. However, obstacles remain,
particularly the reluctance to use human excreta and health concerns. Awareness campaigns and subsidies for biodigester installations could improve its
adoption.

The optimization of biogas production by combining Eichhornia crassipes, human excreta, and hygienic paper waste has increased methane yield,
improved process stability, and reduced harmful gas emissions. However, community acceptance remains a major challenge, requiring increased
awareness efforts.

Conclusion and Recommendations
Conclusion

The study demonstrated that optimizing biogas production by combining Eichhornia crassipes (water hyacinth), human excreta, and hygienic paper waste
is a viable and effective approach. The key findings show:
1. A significant increase in methane production: The Eichhornia crassipes + human excreta + hygienic paper mixture achieved a methanogenic
yield of 480 + 18 mL/g DM, an improvement compared to individual substrates.
2. Improved biogas quality: The methane (CHa) content reached 65%, while H.S concentration was reduced, enhancing the biogas' energy
quality.
3. Stabilization of the digestion process: The optimized C/N ratio (~25:1) promoted microbial balance, reducing the risks of acidification and
methanogenesis inhibition.
4. Challenges related to community acceptability: Although 65% of surveyed households are favorable to using biodigesters incorporating human
excreta, cultural resistance persists among 30% of respondents, necessitating awareness and education initiatives.
Thus, integrating human excreta and hygienic paper waste into methanization presents a promising solution for sustainable waste management and
renewable energy production while reducing environmental pollution. However, additional efforts are required to improve social acceptability and large-
scale implementation.

Recommendations

a. Improve Substrate Pretreatment

®  Explore enzymatic or thermal pretreatment methods to accelerate the degradation of hygienic paper and water hyacinth, thereby increasing biogas
yield.

®  Test the addition of nitrogen-rich co-substrates to further optimize the C/N ratio.

b. Optimize Digestion Conditions

®  Evaluate the influence of different temperature regimes (mesophilic vs. thermophilic) to maximize methane production.
®  Experiment with co-digestion using other organic waste, such as kitchen waste or sewage sludge.
¢. Strengthen Community Acceptability

®  Organize awareness campaigns on the benefits of utilizing human excreta for energy production and soil fertilization.

Develop training sessions and practical demonstrations in both rural and urban communities.

Work with community and religious leaders to break taboos and overcome cultural resistance.
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d. Develop Sustainable Economic Models

Promote the adoption of low-cost biodigesters adapted for rural households and small farms.

®  Implement financial incentives, such as subsidies or microcredits, to facilitate technology adoption.

Assess the potential for selling biogas and digestate as organic fertilizers to make installations more profitable.

e. Further Research

®  Evaluate the feasibility of industrial-scale implementation to process larger waste volumes.

®  Study the long-term environmental and health impacts of using digestate from human excreta in agriculture.
®  Compare the performance of this process with other organic waste valorization technologies (composting, pyrolysis, etc.).
Perspectives

The results obtained mark significant progress toward more sustainable organic waste management and a green energy transition in Africa and other
regions. Integrating this technology into rural development projects could contribute to:

®  Reducing dependence on fossil fuels and firewood.

®  Enhancing energy and food security for rural populations.

®  Supporting efforts to reduce greenhouse gas emissions.
Further studies and pilot initiatives will be essential to demonstrate the large-scale viability of this system and overcome the remaining social and
economic barriers.

Conflict of Interest

The author declares that there is no conflict of interest related to this article with any individual or institution.

Acknowledgements

The author wishes to express deep gratitude to all individuals and institutions who, directly or indirectly, contributed to the completion of this article.

Special thanks go to the local communities of the Cameroonian Sahel for their invaluable collaboration and the sharing of their indigenous knowledge,

which greatly enriched this study.

The author also extends sincere thanks to environmental experts, officers from decentralized technical services of the State, and leaders of farmers’

organizations for their insightful contributions during the field surveys.

Gratitude is particularly extended to academic and research institutions that supported this endeavor, notably by providing data, infrastructure, and high-

quality scientific guidance.

Finally, the author expresses appreciation to the technical and financial partners, without whom this research would not have been possible. Their support

helped strengthen local capacities in sustainable environmental management and socio-ecological resilience.

REFERENCES

10.

11.

Angelidaki, 1., Alves, M., Bolzonella, D., Borzacconi, L., Campos, J. L., Guwy, A. J., ... & Van Lier, J. B. (2009). "Defining the biomethane
potential (BMP) of solid organic wastes and energy crops: a proposed protocol for batch assays." Water Science and Technology, 59(5), 927-
934.

Ardo, A. B., & Clarkson, M. A. (2025). "A Review on Biogas Potentials from Maize Cob under Varying Pretreatment Temperatures." African
Journal of Environmental Sciences and Renewable Energy, 18(1), 51-58.

Dehkordi, S. M. M. N., Jahromi, A. R. T., Ferdowsi, A., Shumal, M., & Dehnavi, A. (2020). "Investigation of biogas production potential from
mechanically separated municipal solid waste as an approach for developing countries (case study: Isfahan-Iran)." Renewable and Sustainable
Energy Reviews, 119, 109586.

Dzokom, A. (2025a). "Outils Et Techniques De Gestion De L'environnement En Zone Sahélienne Camerounaise: Approche Et Pratiques
Durables." Procedia-Social and Behavioral Sciences, 5(5), 1-16.

Dzokom, A. (2025b). "Environmental Management Tools and Techniques in the Cameroonian Sahelian Zone: Sustainable Approach and
Practices." Procedia Materials Science (Elsevier), 5(5), 1-16.

Dzokom, A. (2025¢). "Environmental Management Jobs: Opportunities and Challenges in the Cameroonian Sahel Zone." Sahel Nature
Consulting Revue, 5(7), 1-7.

Dzokom, A., Balna, J., Koda, J. T., Watang Zieba, F., & Djoulde, D. R. (2023). "Production of Bioethanol Based on Eichhornia crassipes
Combined with the Pulp of the Ripe Fruit of Azadirachta indica." Eichhornia crassipes.

Dzokom, A., Balna, J., Watang Zieba, F., & Djoulde Darman, R. (2024a). "Environmental Education: Comparative Study of The Performance
of Two Training Methods In Sahelian Farming Environments." Available at SSRN 4937649.

Dzokom, A., Balna, J., Zieba, F. W., & Darman, R. D. (2024b). "Etude comparée de I’impact de deux méthodes de formation en éducation
environnementale en milieu paysan sahélien." LIENS, Nouvelle Série: Revue Francophone Internationale, 1(6), 249-264.

El-Mashad, H. M., & Zhang, R. (2010). "Biogas production from co-digestion of dairy manure and food waste." Bioresource Technology,
101(11), 4021-4028.

Gunnarsson, C. C., & Petersen, C. M. (2007). "Water hyacinths as a resource in agriculture and energy production." Renewable and
Sustainable Energy Reviews.



International Journal of Research Publication and Reviews, Vol (6), Issue (6), June (2025), Page — 8351-8358 8358

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.
22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.
33.

Jothinathan, H., & Singh, A. P. (2023). "Fecal sludge characterization, treatment, and resource recovery options: a state-of-the-art review on
fecal sludge management." Environmental Science and Pollution Research, 30(57), 119549-119567.

Kalia, V. C., & Singh, C. S. (2004). "Biogas production from municipal solid waste with domestic sewage." Indian Journal of Microbiology,
44(1), 7-11.

Kang, A. J., & Yuan, Q. (2017). "Enhanced anaerobic digestion of organic waste." Solid waste management in rural areas, 7.

Khalid, A., Arshad, M., Anjum, M., Mahmood, T., & Dawson, L. (2011). "The anaerobic digestion of solid organic waste." Waste management,
31(8), 1737-1744.

Kjerstadius, H., Bernstad Saraiva, A., Spangberg, J., & Davidsson, A. (2013). "Carbon footprint of urban source separation for biogas and
compost." Waste Management, 33(1), 14-23.

Makofane, R. O. S. I. N. A. (2018). "Evaluation of water hyacinth (Eichhornia crassipes) suitability as feedstock for biogas production.”
(Doctoral dissertation, University of South Africa).

Montgomery, M. A., & Elimelech, M. (2007). "Water and sanitation in developing countries: including health in the equation." Environmental
Science & Technology, 41(1), 17-24.

Mshandete, A., Kivaisi, A., Rubindamayugi, M., & Mattiasson, B. (2006). "Anaerobic batch co-digestion of sisal pulp and fish wastes."
Bioresource Technology, 95(1), 19-24.

Mu, L., Zhang, L., Zhu, K., et al. (2020). "Biogas upgrading by adsorption technologies: Trends and perspectives." Renewable and Sustainable
Energy Reviews, 115, 109383.

Nigam, P. S., & Singh, A. (2011). "Production of biofuels from biomass." Progress in Energy and Combustion Science.

Nigam, P. S., & Singh, 4. (2011). "Production of liquid biofuels from renewable resources." Progress in Energy and Combustion Science,
37(1), 52-68.

Owamah, H. I, Dahunsi, S. O., Oranusi, U. S., & Alfa, M. I. (2014). "Optimization of biogas generation using anaerobic digestion of water
hyacinth (Eichhornia crassipes)." Biotechnology Reports, 4, 49-55.

Parawira, W. (2009). "Biogas technology in Sub-Saharan Africa." Renewable and Sustainable Energy Reviews.

Raposo, F., De la Rubia, M. A., Fernandez-Cegri, V., & Borja, R. (2012). "Anaerobic digestion of solid organic substrates in batch mode: an
overview relating to methane yields and experimental procedures." Renewable and Sustainable Energy Reviews, 16(1), 861-877.

Saady, N. M. C., & Massé, D. I. (2015). "Impact of organic loading rate on the performance of psychrophilic dry anaerobic digestion of dairy
manure and wheat straw: long-term operation." Bioresource Technology, 182, 50-57.

Sawatdeenarunat, C., Surendra, K. C., Takara, D., et al. (2015). "Anaerobic digestion of lignocellulosic biomass: challenges and
opportunities." Bioresource Technology, 178, 178-186.

Schouten, M. A. C., & Mathenge, R. W. (2010). "Communal sanitation alternatives for slums: A case study of Kibera, Kenya." Physics and
Chemistry of the Earth, 35(13-14), 815-822.

Simjanoski, Z. (2012). "Investigation of co-digestion of food waste and primary sludge at SNJ-wastewater treatment." (Master's thesis,
University of Stavanger, Norway).

Strande, L., Ronteltap, M., & Brdjanovic, D. (2014). "Faecal sludge management: Systems approach for implementation and operation." /WA
Publishing.

Vijayan, S., & Sureshkannan, V. (2025). "Technological Innovations." Efficient Energy Utilization and Emission Reduction Strategies in Plant
Operations, 94.

Weiland, P. (2010). "Biogas production: Current state and perspectives." Applied Microbiology and Biotechnology, 85(4), 849-860.

Zhou, X., Wang, Y., Li, X, et al. (2021). "Biogas production from paper waste: Recent advances and future perspectives." Renewable &
Sustainable Energy Reviews, 135, 110130.



