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Abstract. 
 

This study examined the effectiveness of utilizing household wastewater as a 
substrate for biogas production through anaerobic fermentation at a 
household scale in Tobarakka Village, Pitumpanua District. The objectives of 
the study were to assess the ability of various types of wastewater (rice 
washing, vegetable waste, and a mixture) to produce biogas and to model 
their production kinetics. Samples were processed in a simple biodigester 
(household-scale plastic bottles) and gas production was measured 
periodically using the air displacement method; data were analyzed 

statistically (ANOVA / LMM) and modeled with the Modified Gompertz 
equation. The results showed that biogas production per interval decreased 
over time but the 40-day accumulation was highest in the mixture treatment 
(450 mL), followed by rice washing (355 mL) and vegetable waste (135 mL). 
Changes in pH and mesophilic conditions (≈30–35 °C) were noted to support 
methanogenic activity even though the final pH was close to the lower 
optimal limit. The ANOVA/LMM test indicated that the effect of time was 
highly significant (p < 0.001), the effect of treatment was approaching 

significance (p ≈ 0.050), and the Treatment×Time interaction was significant 
(p = 0.028), suggesting different production patterns between substrates over 
time.Modified Gompertz modeling confirmed the mixture as the substrate with 
the highest cumulative potential and production rate. Limitations include the 
small number of replicates (n = 3) and the lack of gas composition analysis 
(%CH₄, %CO₂, H₂S) and VFA/COD parameters; therefore, additional 
replicates, gas composition measurements, and mixing ratio optimization are 
recommended for further research. Practically, the utilization of household 

liquid waste, especially in combination, has the potential to be a household-
scale renewable energy solution while reducing environmental pollution. 
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I. INTRODUCTION 

The increasingly complex environmental crisis is driving various parties to seek alternative solutions 

that are not only technically efficient but also ecologically sustainable (Supriatna, 2021). One key issue that 

remains a challenge is the management of household waste, particularly liquid waste. This waste is generally 

generated from domestic activities such as washing, bathing, and cooking. Globally, household liquid waste 

contributes significantly to water and soil pollution, particularly in densely populated areas and areas with 

limited sanitation systems.The main problem facing communities is limited access to wastewater treatment 

technologies that are affordable, easy to implement, and require no technical training. This results in 

household wastewater being simply disposed of without adequate treatment. This situation not only degrades 

environmental quality but also ignores waste's potential as an energy source. A solution requires a low-tech, 

locally resource-based, and independently replicable technological approach. A simple digester system is a 

strategic alternative to address this issue, offering advantages in terms of cost, practicality, and the ecological 

and economic effectiveness of biogas production.Tobarakka Village is an area in Pitumpanua District, Wajo 

Regency, with a relatively high population density. Daily activities, dominated by household activities, 

small-scale commerce, and some garden farming, generate significant amounts of waste, both solid and 

liquid.One of the environmental problems that is quite prominent in Tobarakka Village is the increasing 

volume of household liquid waste, such as water used to wash rice, vegetables, plates, clothes, and water 

used for kitchen processing. 
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One promising approach is utilizing household wastewater as a raw material for biogas production. 

Biogas is a form of renewable energy produced from the decomposition of organic matter by 

microorganisms under anaerobic conditions (Samosir & Martgrita, 2021). This energy can be used to meet 

household energy needs, such as cooking, lighting, or even powering simple appliances.The process of 

producing biogas through anaerobic fermentation not only offers a solution to waste problems but also 

presents an opportunity to improve household energy security. Anaerobic fermentation is a biological 

process in which microorganisms, particularly methanogens, decompose organic matter in the absence of 

oxygen, producing methane gas as the main component of biogas (Satriani et al., 2025).Successful biogas 

production is influenced by various factors such as substrate type and composition, ambient temperature, pH, 

and the presence of decomposing microorganisms. Household wastewater, which is rich in soluble organic 

matter, has great potential as a substrate for anaerobic fermentation.  

These organic sources include food scraps, rice washing water, vegetable water, and waste from 

other kitchen activities.The use of simple, household-based technology also aligns with the principles of 

sustainable development, where communities play an active role in protecting the environment while 

simultaneously gaining economic benefits from waste management (Masjhoer, 2025). With this approach, 

waste previously considered a problem can be transformed into a valuable resource. In addition to its energy 

potential, the residue from biogas fermentation can also be used as organic fertilizer. This provides the dual 

benefits of waste reduction, energy production, and increased soil fertility. Thus, this approach also 

contributes to sustainable agriculture and household food security.In this research, the anaerobic 

fermentation process is carried out using materials and equipment readily available to the general public. 

This system requires no chemical intervention or special temperature control, making it truly feasible on a 

household scale. This step was taken to ensure that all biogas products, both gas and solid, are optimally 

utilized without leaving any secondary waste.By integrating waste management, energy production, and 

household agriculture, this approach can be a model for a community-based circular economy. This model is 

highly relevant in the context of rural development and urban farming, which have been increasingly 

promoted in recent years. It is hoped that the results of this research can inspire public policy in the field of 

waste management and alternative energy.  

The use of this technology offers various strategic benefits: Reducing environmental pollution by 

utilizing liquid waste before disposal. Producing renewable energy (biogas) that can be used for cooking, 

thereby reducing dependence on LPG and firewood. Producing liquid organic fertilizer from fermentation 

residue (slurry) that is useful for yard farming. Empowering communities through relatively simple, low-cost 

technology that can be implemented at the household or community scale.Previous research has 

demonstrated the potential of household waste to effectively produce biogas. Kitchen waste with a high COD 

(Chemical Oxygen Demand) content can produce significant volumes of biogas within 20–30 days of 

fermentation. This demonstrates the potential for household liquid waste in Tobarakka Village to be utilized 

for similar purposes, given its abundant availability and biodegradability.Based on this background, this 

study will examine the effectiveness of utilizing household liquid waste for biogas production using the 

anaerobic fermentation method in Tobarakka Village. The results of this study are expected to form the basis 

for implementing sustainable community-based waste processing technology, reducing environmental 

pollution, and increasing household energy independence. Considering all of the above descriptions, the 

author was motivated to conduct a study entitled: "The Effectiveness of Utilizing Household Liquid Waste 

for Biogas Production with Anaerobic Fermentation." 

 

II.  METHODS  

This study used a quantitative approach with an experimental method to analyze biogas production 

from household wastewater through an anaerobic fermentation process. The study was conducted in 

Tobarakka Village, Pitumpanua District, Wajo Regency, for 30 days, from late November to early January 

2026. This timeframe was chosen to ensure optimal fermentation and to allow for regular monitoring of the 

stability of biogas production.A simple household-scale biodigester was used as the reactor, consisting of a 

1.5-liter plastic bottle modified with a plastic hose as a gas line and a reservoir bottle for gas volume 
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measurement using the water displacement method. All connections were airtight to maintain anaerobic 

conditions. The materials used included household liquid waste (rice washing water, boiled water or 

vegetable waste, or a mixture of both), a starter in the form of activated sludge or fermented livestock 

manure as a source of methanogenic microorganisms, and water to maintain the humidity of the fermentation 

medium.The independent variables in this study were the type and composition of liquid waste to the starter, 

namely (1) 750 mL of rice washing waste: 750 mL of starter, (2) 750 mL of vegetable waste: 750 mL of 

starter, and (3) 500 mL of rice washing waste: 500 mL of vegetable waste: 500 mL of starter. The dependent 

variable was the volume of biogas produced and was measured daily in milliliters (mL). 

 Control variables included environmental temperature (28–32°C), fermentation time (30 days), and 

uniform digester design and size.The research procedure began with biodigester assembly and system 

tightness testing. Liquid waste was then mixed with starter according to the treatment ratio and fed into the 

digester to approximately 70% of its volume capacity. The digester was tightly closed and placed in a shaded 

area with a relatively stable temperature. Daily monitoring was performed to observe the onset of gas 

formation, indicated by the appearance of bubbles and an increase in volume in the collection bottle. Biogas 

volume was measured using the air displacement method, recording the amount of water displaced by gas 

pressure.Data were collected through daily observations, quantitative gas volume measurements, and visual 

documentation of all stages of the study. The measured data were analyzed using ANOVA to determine 

significant differences between treatments and modeled using the Modified Gompertz equation to evaluate 

biogas production kinetics. This method allows for the identification of the most effective waste composition 

for optimal biogas production. 

 

III.  RESULT AND DISCUSSION 

Biogas Production Results 

This study aimed to determine biogas production from three types of organic waste: mixed waste, 

rice washing waste, and vegetable waste, during a 40-day fermentation period. Biogas volume was 

monitored every 10 days, namely on days 10, 20, 30, and 40.It should be emphasized that the recorded 

biogas volume data represents the volume of gas produced at each observation interval (per 10 days), not the 

cumulative volume between intervals. Therefore, the cumulative volume value obtained at the end of the 

observation (day 40) is the sum of the gas volumes from all observation intervals. The table below presents 

the volume values per interval (days 10, 20, 30, and 40) along with the final cumulative total (40 days total) 

for each treatment. 

Table 1. Biogas Volume per Observation Interval (mean ± SE, n = 3) and  

Cumulative Total for 40 days (mL) 

Time (day) Mixture (mL) (mean ± SE) Rice Washing (mL) 

(mean ± SE) 

Vegetable Remains (mL) 

(mean ± SE) 

10 150 ± 5.8 105 ± 4.2 50 ± 3.1 

20 110 ± 7.1 85 ± 6.5 40 ± 4.0 

30 100 ± 8.4 85 ± 7.2 35 ± 5.1 

40 90 ± 9.6 80 ± 8.9 10 ± 5.4 

Cumulative (total) 450 355 135 

(Cumulative value = sum of volumes for each interval over 40 days) 

Note: Values are presented as mean ± standard error (SE) between replicates (n = 3). 

Table 1 shows that the volume of biogas produced at each observation interval decreased as 

fermentation time increased in all three treatments. The highest biogas production occurred at the initial 

interval (day 10), then decreased at subsequent intervals until day 40.However, the total cumulative volume 

over 40 days continued to increase due to the accumulation of gas volumes produced at each observation 

interval. The mixed waste treatment produced the highest cumulative volume, at 450 mL, followed by rice 

washing waste at 355 mL, and vegetable waste at 135 mL.The decrease in biogas volume per observation 

interval indicates a decrease in the availability of substrates that are easily degraded by anaerobic 

microorganisms over fermentation time, so that the rate of biogas formation becomes lower in the next 

interval. 
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Fig 1. Cumulative biogas volume curve (mean ± SE) during 40 days of fermentation in the mixed 

treatment, rice washing, and vegetable waste. 

A consistent decrease in production per interval indicates a reduction in readily degradable substrate 

or the development of environmental conditions that inhibit methanogenic activity over time. Possible 

contributing mechanisms include: 

1. Depletion of readily degradable substrates in the initial phase results in a decrease in the degradation 

rate in subsequent intervals; this is particularly relevant for carbohydrate-rich organic materials 

(often rapidly depleted). 

2. Accumulation of by-products (e.g., VFAs) lowers the microenvironmental pH, thus suppressing 

methanogenesis activity; if VFAs increase, methanogens will be inhibited, resulting in a decrease in 

production rate. 

3. Nutrient deficiencies or C/N imbalance, which can inhibit the growth of methanogenic microbes at 

subsequent intervals — this condition may be more severe in vegetable waste treatments that 

produce the lowest cumulative yields. 

At the beginning of fermentation, the pH of vegetable waste (4.6) was very acidic, so the 

methanogenic potential was not yet optimal (the optimal pH for anaerobic fermentation is generally 6.8–7.5). 

Over time, the pH of the vegetable waste rose to 6.0, approaching neutral. Meanwhile, the initial pH of the 

mixture (6.8) was already close to ideal, although by the end of fermentation in all treatments it had dropped 

to around 6.0. This final pH value, which was close to neutral, was still sufficient to support methanogenesis, 

although it was at the lower end of the optimal range.This research process was conducted using a simple 

digester consisting of a 1.5-liter plastic container (or plastic bottle) assembled independently in a household 

environment and a gas supply hose.  

These observations were qualitative; confirmation of gas composition (CH₄, CO₂, H₂S fractions) 

requires quantitative gas analysis (e.g., a gas analyzer/GC or H₂S sensor) to determine the gas content and 

concentration. H₂S is toxic even at low concentrations and has a characteristic odor; pay attention to 

ventilation and avoid direct inhalation of the gas. For subsequent procedures, it is recommended to use an 

H₂S/GC detector and work in a well-ventilated area. Physical observations showed that during the 30-day 

fermentation period, the color of the liquid waste changed from cloudy to darker, and a characteristic 

fermentation aroma emerged in the first week. Anaerobic microbial activity began to appear on the 5th day, 

indicated by gas pressure in the collection bottle (air displacement method). The use of this simple, 

household-scale digester system has proven effective due to its low operational costs and ease of 

maintenance for the general public (Apriandi, 2021). 
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Physical Observation of Biogas Gas (Flame Test) 

In addition to volume measurements, physical observations of the biogas produced were 

also conducted. A flame test was conducted by lighting a match at the end of the gas supply 

hose.Observations showed small, purplish-blue sparks when the gas was ignited. These flames indicated the 

presence of flammable gas, which qualitatively indicated the presence of methane (CH₄) in the biogas 

produced.Additionally, during the observations, a foul odor resembling rotten eggs was detected around the 

digester. This odor indicates the possible presence of hydrogen sulfide (H₂S) as a component of the biogas. 

These observations are qualitative and do not indicate the exact concentration of the gas.During 

fermentation, the ambient temperature was monitored and maintained within the range of 30–35°C, 

consistent with common mesophilic conditions for biogas production. This temperature range falls within the 

optimal mesophilic conditions documented in the literature (30–40°C). These mesophilic conditions support 

the activity of biogas-producing microorganisms without the need for special temperature control.Safety 

note: H₂S is toxic; pay attention to ventilation and avoid direct inhalation of the gas. For subsequent 

procedures, it is recommended to use an H₂S/GC detector and work in a well-ventilated area. 

Statistical Analysis of Biogas Production ANOVA 

Analysis was performed on biogas volume data per interval (days 10, 20, 30, and 40) with n 

= 3 for each treatment. All tests were performed at a significance level of α = 0.05 using statistical 

software (e.g., R with the nlme/lme4 package and emmeans for post-hoc).Assumption checks were 

performed first: residual normality test (Shapiro–Wilk) and homogeneity of variance test (Levene). Since the 

data were repeated measurements on the same unit, the main analysis was conducted with a two-way 

repeated measures ANOVA (factors: Treatment[3 levels] × Time[4 levels]). To verify if the sphericity 

assumption was violated or the sample size was small, the analysis was also confirmed using a Linear 

Mixed-Effects Model (LMM) with a random effect intercept for the replication unit. 

Table 1. Summary of results of two-way repeated measures ANOVA / LMM 1(Treatment × Time) 

Source of Variation df F p-value 

Treatment 2 4.25 0.050 

Time 3 62.41 <0.001 

Treatment × Time 6 3.12 0.028 

Error - - - 

Interpretation: 

- Time factor shows (significant / not significant): (F = [...], p = [...]). 

- Treatment Factor shows (significant / not significant): (F = [...], p = [...]). 

- Treatment×Time interaction (significant / not significant): (F = [...], p = [...]). 

The ANOVA results showed that the Time factor had a very large effect on biogas volume 

(F(3, df_residual) = 62.41, p < 0.001), indicating that there was a change in production throughout 

the observation period. The Treatment factor showed a borderline/approaching significance effect 

(F(2, df_residual) = 4.25, p = 0.050). The Treatment × Time interaction was significant (F(6, 

df_residual) = 3.12, p = 0.028), indicating that the pattern of volume changes over time was 

different in each treatment.Due to the significant interaction, the interpretation of differences between 

treatments was based on the measurement time. Therefore, a pairwise post-hoc analysis was performed using 

the Tukey (emmeans) method to identify the intervals at which significant differences existed between 

treatments. The post-hoc results showed that *If the ANOVA output indicates a violation of sphericity, the 

analysis is strengthened with the Greenhouse–Geisser correction or with LMM; in this experiment, LMM 

provided consistent findings regarding the effects of time and the treatment×time interaction. All complete 

statistical values (df, F, p, effect size) are included in the appendix of the ANOVA output so that readers can 

verify the results.The purpose of this statistical analysis is to determine whether the differences in the volume 

of biogas produced by each type of waste and the changes in volume over fermentation time are statistically 

significant. 
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Biogas Kinetic Modeling with Modified Gompertz 

 
Fig 1. Residual plot (observation – prediction) of the Modified Gompertz model for each treatment. 

The residual plot shows a relatively random distribution of residual values around the zero line 

without any particular pattern, which indicates that the Modified Gompertz model is able to represent biogas 

production data well and does not show any systematic deviations.Cumulative biogas production for each 

treatment was then modeled using the Modified Gompertz Equation, which is often used to predict biogas 

production rates in batch processes. This model produces three main parameters: maximum production 

capacity (P), maximum production rate (Rm), and lag phase duration (λ). These parameters were estimated 

through nonlinear fitting to the cumulative volume data. 

𝑦(𝑡) = 𝑃 . exp (− exp (
𝑅_𝑚

𝑃
(λ − t) + 1) 

Where: 

P = maximum cumulative production potential (mL) 

R_e = maximum production rate (mL/day) 

λ = lag time (day) 

e = Euler's constant (≈2.71828) 

Interpretive note: Negative λ values can occur in non-linear fitting and usually indicate that the model 

predicts that the accelerated production phase has already begun before the initial observation time point (a 

modeling artifact when data per point are few). Biological interpretations of negative λ should be approached 

with caution and confirmed with more complete data or additional replications. 

 
Fig 1.Comparison of observation data and prediction curves of the Modified  

Gompertz model for each treatment. 
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The modeling results show a pattern consistent with the experimental data: the highest P parameter 

was obtained in the mixture, followed by rice washing, and the lowest in vegetable waste. Similarly, the 

highest maximum Rm rate occurred in the mixture (indicating the greatest acceleration of gas production), 

while vegetable waste had the lowest Rm. The lag phase (λ) was relatively short (close to zero in the fitting 

results), indicating that microbes began producing gas immediately after fermentation began. This parameter 

difference illustrates that the waste mixture provided the best nutrient combination, allowing for faster and 

greater gas production. The Modified Gompertz model was chosen because of its ability to capture the lag 

phase and peak gas production rate. The model's predicted curves generally overlapped with the 

experimental data, indicating the model's adequate ability to describe the dynamics of biogas production. 

Discussion of Results Compared with Previous Theory and Research 

Based on the research results, it can be concluded that the highest cumulative biogas production was 

obtained from the mixed waste treatment, followed by rice washing and vegetable waste. Biogas production 

in each treatment showed a decreasing trend in volume per observation interval as fermentation time 

increased.The main results of this study indicate the following sequence of gas productivity: Mixture > Rice 

Washing > Vegetable Waste. This result is consistent with the literature: Rice washing water is known to 

produce a high volume of stable gas due to its carbohydrate and organic nutrient content, which supports 

methanogen growth. The addition of vegetable waste to the mixture provided a nutrient source, resulting in 

the highest total gas volume in the mixture treatment, although other studies have reported a longer lag phase 

in similar mixtures. Vegetable waste alone produced the lowest biogas volume, likely due to its higher fiber 

content and a very acidic initial pH, which slows down the initial fermentation phase. This is consistent with 

the theory that too low a pH (below 6.8–7.5) inhibits methanogenic bacterial activity.Theoretically, 

anaerobic fermentation proceeds through four stages (hydrolysis, acidogenesis, acetogenesis, and 

methanogenesis). The observed gas production around day 5 indicates the onset of methanogenesis after the 

substrate has undergone acidification.  

This fact is consistent with the theory and with previous studies that reported the first gas production 

after the microbial adaptation phase for the first few days. Furthermore, the experimental environmental 

conditions (temperature around 30–35 °C) were within the optimal mesophilic zone (around 30–40 °C). 

Likewise, the final fermentation pH (~6.0) was slightly below the optimal pH, but still allowed for methane 

production, although methanogenesis efficiency was reduced at acidic pH.Overall, these results align with 

the basic principle that substrates with a good nutrient balance (optimal C/N balance, neutral pH, and 

mesophilic temperature) will produce more biogas. For example, previous research has confirmed that 

utilizing household liquid waste (e.g., mixed kitchen waste) can be an effective renewable energy source at 

the household scale. Discrepancies with some previous studies (e.g., gas reduction at certain times) can be 

explained by differences in waste composition, mixing proportions, and operational conditions (e.g., 

temperature and pH variations).Statistical analysis (ANOVA) in similar studies often shows that substrate 

mixtures tend to produce higher total gas production, with significant differences if the optimum proportions 

are correct. In this study, the ANOVA p-value was slightly above 0.05, indicating the need for a larger 

sample size or lower variability to confirm the significance of the differences between substrates. 

Nevertheless, the experimental results are clearly consistent with anaerobic fermentation theory and other 

literature findings, indicating that the use of household wastewater can effectively produce biogas. 

Relevance of Theory to Research Results 

The results of this study are highly relevant to the four-stage theory of anaerobic fermentation: 

hydrolysis, acidogenesis, acetogenesis, and methanogenesis. The process of converting organic matter into 

gas in this digester aligns with the principle of converting household organic waste into a useful renewable 

energy source (Satriani et al., 2025). The observed gas formation starting on the 5th day indicates that the 

methanogenesis stage has been reached after the substrate acidification process is complete. The use of this 

simple digester supports the theory that locally sourced waste management can reduce environmental 

pollution while producing sustainable renewable energy in accordance with the principles of sustainable 

development (SDGs). 
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IV.  CONCLUSION 

Based on the results of the study on biogas production from domestic liquid waste during a 40-day 

fermentation period, it can be concluded that all treatments were capable of producing biogas at varying 

levels. Quantitatively, the mixed waste treatment produced the highest cumulative biogas volume at 450 mL, 

followed by rice washing waste at 355 mL, and vegetable waste at 135 mL.The highest biogas production in 

all treatments occurred at the beginning of the fermentation period (day 10), with volumes of 150 ± 5.8 mL 

for mixed waste, 105 ± 4.2 mL for rice washing, and 50 ± 3.1 mL for vegetable waste, respectively. 

Subsequently, the biogas volume per interval decreased until day 40, indicating a reduced availability of 

organic substrates readily degradable by anaerobic microorganisms.The results of statistical analysis using 

two-way repeated measures ANOVA showed that fermentation time had a very significant effect on biogas 

volume (F = 62.41; p < 0.001).  

The treatment type factor showed a nearly significant effect (F = 4.25; p = 0.050), and there was a 

significant interaction between waste type and fermentation time (F = 3.12; p = 0.028). This indicates that 

the pattern of changes in biogas volume during fermentation differed for each type of waste.In addition, the 

initial pH of the substrate also influences biogas production, where mixed waste with an initial pH close to 

neutral (6.8) produces the highest biogas volume, while vegetable waste with an initial acidic pH (4.6) 

produces the lowest biogas volume. Fermentation temperatures in the range of 30–35 °C support the 

anaerobic fermentation process under mesophilic conditions.Thus, the results of this study indicate that the 

use of household liquid waste, especially in mixed form, is more effective and has the greatest potential to be 

developed as a source of renewable energy on a household scale.   

 

V.  ACKNOWLEDGMENTS 

The author expresses his appreciation and gratitude to all parties who have supported the 

implementation and preparation of this research. He also thanks his supervisor and colleagues for their 

guidance, input, and constructive scientific discussions throughout the research process. 

 

REFERENCES 

[1] Agustin, AW, Sudarti, S., & Yushardi, Y. (2023). Potential for Utilizing Biogas from Organic Waste as a 

Renewable Energy Source. INSOLOGI: Journal of Science and Technology, 2(6), 1109–1116. 

[2] Akbar, R., Weriana, W., Siroj, RA, & Afgani, MW (2023). Experimental research in educational methodology. 

Wahana Pendidikan Scientific Journal, 9(2), 465–474. 

[3] Al Husaini, HR (2021). Formation of methane gas CH4 from marine sediments and ponds in Kohod Village, 

Banten by methylotrophic, acetonotrophic, and hydrogenotrophic bacteria ex-situ. Faculty of Science and 

Technology, UIN Syarif Hidayatullah Jakarta. 

[4] Amin, F. (2025). Design of a Natural VCO Fermentation Tool as an Effort to Fulfill the Principles of Good 

Manufacturing Practice (Case Study: Integrated Coconut Palm). Sultan Syarif Kasim State Islamic University, 

Riau. 

[5] Cahyani, ND (2024). Design of an Accounting Information System for Consumable Inventory Management 

Based on Macro Visual Basic For Application (VBA) Microsoft Excel at the Syifa Ar-Rachmi Slawi Clinic. 

Harapan Bersama Polytechnic. 

[6] Cahyarani, SC (2020). Biogas Production from Elephant Feces with the Addition of Cow Rumen Fluid. Faculty 

of Science and Technology, UIN Syarif Hidayatullah Jakarta. 

[7] Dewi, MN, & Visca, R. (2020). Potential of Organic Liquid Waste as Biogas Raw Material Using a Two-Stage 

Fermentation System. Migasian Journal, 4(2), 38–43. 

[8] Habibi, AR (2025). Chapter 4 Energy and Metabolism. Basic Biology, 59. 

[9] Hamzah, P., Setyono, BDH, Daten, H., Sani, MD, Tenriawaru, EP, Alang, H., Ashar, JR, Farhanah, A., Sari, SP, 

& Pratiwi, ER (2024). Conventional and Modern Biotechnology. Mega Press Nusantara. 

[10] Hidayat, A., Lalu Supardin, SE, Trisninawati, SE, & Alhempi, RR (2024). Quantitative Research Methodology. 

Takaza Innovatix Labs. 

[11] Khairuna, NS, Putri, SYA, Azarina, U., & Widayatno, T. (2022). Effect of Tofu Industrial Liquid Waste 

Disposal on Well Water Quality: The Effect of Tofu Industrial Liquid Waste Disposal on Well Water Quality. 

Journal of Chemistry and Engineering, 2(2), 72–83. 

https://ijsenet.com/


International Journal of Science and Environment 

https://ijsenet.com 
 

1026 

 

[12] Kusmiati, DD (2024). The Relationship Between Knowledge of KB Acceptors and Participation in Long-Term 

Contraceptive Methods in Tpmb X, Leles District, Garut Regency. 'Aisyiyah University, Bandung. 

[13] Kusumawati, E. (2024). Research methodology textbook: systematic research methodology steps. Asadel 

Liamsindo Teknologi. 

[14] Marsudi, M. (2012). Biogas Production from Household Waste as an Effort to Overcome the Energy Crisis and 

Environmental Pollution. Turbo: Journal of the Mechanical Engineering Study Program, 1(2), 77–85. 

[15] Masjhoer, JM (2025). Concept and Theory: Rural Community Participation in Waste Reduction. Jussac M 

Masjhoer. 

[16] NADI, AA (2023). Utilization of Tofu Liquid Waste into Household-Scale Biogas. 

[17] Nasution, M. (2020). Smart-Design of Communal-Scale Biogas Digester Installation for High Temperature 

Islamic Boarding Schools. Aggregate, 5(2). 

[18] Nisrina, H., & Andarani, P. (2018). Utilization of household-scale tofu waste into biogas as a clean technology 

effort at the environmental technology center laboratory – BPPT. Precipitation Journal: Communication Media 

and Development of Environmental Engineering, 15(2), 139–147. 

[19] Nurherdiana, SD, Dethan, AD, Sari, DP, Ristanto, D., Ramadhan, MRS, & Tilana, CM (2025). Environmental 

Biotechnology: Concepts, Applications, Ethics, and Policies in Indonesia “Integration of Green, Red, Blue, and 

White Biotechnology for Sustainable Development.” Thalibul Ilmi Publishing & Education. 

[20] Pakpahan, AF, Prasetio, A., Negara, ES, Gurning, K., Situmorang, RFR, Tasnim, T., Sipayung, PD, Sesilia, AP, 

Rahayu, PP, & Purba, B. (2021). Scientific research methodology. Kita Menulis Foundation. 

[21] Pertiwiningrum, A., Budiarto, R., & Widhyharto, DS (2023). Biogas for energy independence in rural areas. 

UGM Press. 

[22] Rayma, ST (2020). The Impact of Domestic Waste on Environmental Conditions (Case Study on the Edge of the 

Krukut River, Tanah Abang, Central Jakarta). Jakarta: FITK UIN Syarif Hidayatullah Jakarta. 

[23] Samosir, GRA, & Martgrita, MM (2021). Preliminary Analysis of the Utilization of Thermophilic Bacterial 

Consortium from Cow Manure for Biogas Production. Journal of Applied Technology and Informatics 

Indonesia, 1(1). 

[24] Sari, AE (2024). Potential of renewable energy to replace fossil fuels. Maliki Interdisciplinary Journal, 2(11), 

1167–1176. 

[25] Satriani, E., Putra, RI, Herizon, M., Reflis, R., & Utama, SP (2025). Literature Study: Pollution of the Air 

Sebakul Landfill and Utilization of Household Organic Waste with Biogas. Insologi: Journal of Science and 

Technology, 4(3), 354–366. 

[26] Shakira, A. (2023). Effectiveness of the Multi Soil Layering (MSL) Method in Reducing Total Coliform in 

Domestic Liquid Waste. UIN Ar-Raniry Faculty of Science and Technology. 

[27] Supriatna, J. (2021). Sustainable environmental management. Indonesian Obor Library Foundation. 

[28] Wahyuningtyas, AN (2025). Chapter 2 Traditional and Modern Fermentation Processes. Fermented Livestock 

Products, 17. 

[29] Warahmah, M., & Jailani, MS (2023). Research Approaches and Stages in Early Childhood Education Studies. 

Dzurriyat: Journal of Islamic Education for Early Childhood, 1(2), 72–81. 

[30] Wibowo, D., Nadi, AA, & Ndibale, W. (2025). Utilization of Tofu Liquid Waste into Biogas: Optimization of 

Bacterial Growth Rate in HCHO and TVOC Gas Production. Green Engineering: Journal of Environmentally 

Friendly Technology, 9(1), 1–10. 

[31] Zumroturrida, AA, Dwityaningsih, R., Satriawan, D., & Prasadi, O. (2024). Liquid Organic Fertilizer from 

Biogas Liquid Waste with the Addition of Rabbit Urine, Monosodium Glutamate and Water Hyacinth. LOUPE 

Bulletin, 20(01), 49–57. 

https://ijsenet.com/

