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ABSTRACT 

 

Domestic water waste refers to the inefficient or excessive use of water within residential households. This 

wastage can occur due to various reasons, including leaks, inefficient fixtures, unawareness of water 

conservation practices, and lifestyle habits. Addressing domestic water waste is important for conserving water 

resources, reducing water bills, and promoting environmental sustainability. This thesis delves into the realm of 

anaerobic treatment of domestic wastewater, investigating its mechanisms, performance, and broader 

implications for sustainable wastewater management. By exploring the intricacies of anaerobic processes, this 

study seeks to contribute to the advancement of wastewater treatment technologies and inform decisions that 

will shape the future of sanitation infrastructure. Through an interdisciplinary approach encompassing 

engineering, environmental science, and microbiology, this research endeavors to shed light on the potential 

benefits and challenges of adopting anaerobic treatment as a viable solution for addressing the mounting 

concerns associated with domestic wastewater. The treatment of domestic wastewater presents a pressing 

challenge in the context of escalating urbanization and environmental concerns. In pursuit of sustainable 

solutions, anaerobic treatment processes have emerged as promising alternatives to traditional aerobic methods 

due to their potential to mitigate environmental impacts and resource consumption. This research investigates 

the life cycle environmental impacts associated with the anaerobic treatment of domestic wastewater using an 

aerobic trickling filter, anaerobic baffled reactor (ABR), employing a comprehensive life cycle assessment (LCA) 

framework to evaluate the full spectrum of environmental consequences 
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INTRODUCTION 

 
In an era marked by rapid population growth and urbanization, the treatment and management of domestic wastewater 

have emerged as critical concerns for maintaining environmental quality and ensuring public health. Approximately 80 

percent of the wastewater produced worldwide remains untreated before being discharged to waterways which poses an 

immediate and significant threat to human health and the environment. As societies expand, the volume of wastewater 

generated escalates, posing substantial challenges to traditional treatment methods. At the forefront of innovative 

wastewater treatment strategies stands anaerobic treatment, a process that harnesses the power of microorganisms to 

degrade organic pollutants in the absence of oxygen. Anaerobic treatment has gained increasing attention due to its 

potential to efficiently remove organic matter, reduce energy consumption, and produce valuable byproducts such as 

biogas. 

 

This thesis delves into the realm of anaerobic treatment of domestic wastewater, investigating its mechanisms, 

performance, and broader implications for sustainable wastewater management. By exploring the intricacies of 

anaerobic processes, this study seeks to contribute to the advancement of wastewater treatment technologies and inform 

decisions that will shape the future of sanitation infrastructure. Through an interdisciplinary approach encompassing 

engineering, environmental science, and microbiology, this research endeavors to shed light on the potential benefits 

and challenges of adopting anaerobic treatment as a viable solution for addressing the mounting concerns associated 

with domestic wastewater. 
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With a comprehensive analysis of the scientific literature, practical case studies, and cutting-edge technologies, this 

thesis aims to unravel the nuances of anaerobic treatment systems. By assessing their efficacy in terms of organic matter 

removal, biogas production, and sludge management, this study seeks to provide insights into the economic and 

environmental viability of anaerobic solutions. Furthermore, this research explores the influence of various operational 

parameters and external factors on the performance of anaerobic treatment processes, thereby enhancing our 

understanding of the intricacies that govern their effectiveness. 

 

In essence, this thesis endeavors to contribute to the ongoing dialogue surrounding sustainable wastewater treatment by 

elucidating the potential of anaerobic processes. By elucidating their capabilities, limitations, and implications, this 

study aims to inform policymakers, researchers, and practitioners in the field, fostering the adoption of innovative 

strategies that pave the way for a cleaner, more resilient, and ecologically balanced urban environment. 

 

I. OBJECTIVE OF THE PAPER 

The objective of this study is to conduct a comprehensive Life Cycle Impact Assessment (LCIA) comparing the 

environmental and sustainability implications of wastewater treatment methods: the conventional treatment of domestic 

wastewater and the implementation of an Anaerobic Baffled Reactor (ABR) for the treatment of domestic wastewater. 

Through a systematic evaluation of their respective life cycle stages, including raw material acquisition, construction, 

operation, maintenance, and end-of-life considerations, this assessment aims to quantify and compare their potential 

impacts on key environmental categories such as energy consumption, greenhouse gas emissions, water usage, nutrient 

release, and solid waste generation. The results of this study will provide valuable insights into the overall 

environmental performance of each treatment method, enabling informed decision-making for sustainable wastewater 

management strategies and facilitating the identification of areas for potential improvement in technologies. 

 

II. SOURCES OF DOMESTIC WATER WASTE AND WAYS TO MITIGATE THEM: 

Leaky Faucets and Pipes: Even a small drip from a leaky faucet can waste a significant amount of water over time. 

Regularly check and repair any leaks in faucets, pipes, and fixtures. 

 

Running Toilets: A running toilet can waste a large volume of water. Check for leaks in the toilet tank and ensure that 

the flapper valve is working properly. 

 

Long Showers: Taking long showers consumes a substantial amount of water. Consider installing low-flow 

showerheads to reduce water usage during showers. 

 

Overwatering Lawns and Gardens: Watering lawns and gardens excessively can lead to water wastage. Water plants 

early in the morning or late in the evening when evaporation is lower, and adjust watering schedules based on weather 

conditions. 

 

Washing Machines and Dishwashers: Running these appliances with partial loads wastes water and energy. Wait 

until you have a full load before running them. 

 

Inefficient Appliances: Older appliances, such as washing machines and dishwashers, may use more water than newer, 

energy-efficient models. Consider upgrading to appliances with better water and energy ratings. 

 

Neglecting Maintenance: Failing to maintain water-using appliances and fixtures can lead to inefficiencies and leaks. 

Regularly clean and maintain appliances to ensure they function efficiently. 

 

Lack of Awareness: Many people are unaware of water conservation practices. Educate yourself and your household 

about water-saving tips and techniques. 

 

Ineffective Landscaping: Design your landscaping to include native plants that require less water. Use mulch to retain 

soil moisture and reduce evaporation. 

 

Running Taps: Leaving taps running while brushing teeth or doing dishes can lead to unnecessary water waste. Turn 

off taps when not in use. 

 

Unregulated Pool and Spa Water: Pools and spas can consume a significant amount of water. Regularly monitor and 

maintain water levels to prevent overfilling. 
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Excessive Use of Hot Water: Wasting hot water not only wastes water but also energy used to heat it. Consider using 

cold water for tasks that don't require hot water. 

 

By being mindful of your water usage and adopting water-saving habits, you can significantly reduce domestic water 

waste. This not only benefits your household but also contributes to the overall conservation of water resources and the 

environment. 

 

D-efficiency of waste water Treatment 

Wastewater treatment deficiencies refer to shortcomings, inadequacies, or challenges within wastewater treatment 

systems that hinder their effectiveness in treating and managing wastewater. These deficiencies can lead to 

environmental pollution, public health risks, and negative impacts on aquatic ecosystems. Identifying and addressing 

these deficiencies is crucial for ensuring the proper functioning of wastewater treatment processes and protecting the 

environment. Here are some common wastewater treatment deficiencies: 

 

Inadequate Infrastructure and Capacity: Insufficient treatment plant capacity can lead to overloading and decreased 

treatment efficiency, resulting in incomplete removal of pollutants and the release of untreated or partially treated 

wastewater into the environment. 

 

Lack of Maintenance: Poor maintenance of treatment equipment, pumps, and pipelines can lead to malfunctioning and 

reduced treatment performance, resulting in untreated or poorly treated effluent being discharged. 

 

Outdated Technology: Using outdated or inefficient treatment technologies can result in suboptimal pollutant removal 

and higher energy consumption. Upgrading to newer technologies can improve treatment efficiency and reduce 

environmental impacts. 

 

Nutrient Imbalance: Imbalances in nutrient removal (e.g., nitrogen and phosphorus) can lead to eutrophication in 

receiving water bodies, causing algal blooms and disrupting aquatic ecosystems. 

 

Inadequate Monitoring and Control: Insufficient monitoring of treatment processes can lead to operational issues 

going unnoticed. Proper monitoring and control systems are necessary to maintain consistent treatment performance. 

 

Toxic Discharge: If industrial or toxic pollutants enter the wastewater stream without proper pretreatment, they can 

inhibit microbial activity and compromise treatment processes. 

 

Sludge Management Issues: Improper sludge management can lead to the accumulation of untreated solids, odor 

issues, and potential contamination of soil and water resources. 
 

Energy Intensity: Wastewater treatment processes can be energy-intensive. Deficiencies in energy efficiency can lead 

to higher operating costs and increased environmental impacts. 
 

Lack of Public Awareness: Inadequate public awareness about proper disposal practices can lead to the introduction of 

pollutants (e.g., pharmaceuticals, chemicals) into the wastewater stream, challenging treatment processes. 
 

Regulatory Non-Compliance: Non-compliance with wastewater discharge regulations can result in fines and penalties, 

indicating deficiencies in treatment practices and management. 
 

Climate Vulnerability: Wastewater treatment plants located in areas prone to flooding or extreme weather events may 

be vulnerable to disruptions, leading to untreated releases during emergencies. 
 

Microplastics and Emerging Contaminants: Many wastewater treatment plants are not equipped to effectively 

remove microplastics and emerging contaminants, posing potential risks to aquatic life and ecosystems. 
 

Addressing these deficiencies requires a holistic approach that includes investment in infrastructure, improved 

technologies, proper maintenance, regulatory enforcement, and public education. Sustainable and resilient wastewater 

management systems are essential for protecting both human health and the environment. 
 

III. LIFE CYCLE ASSESSMENT OF WATER ANAEROBIC TREATMENT 

Life Cycle Assessment (LCA) is a methodology used to evaluate the environmental impacts of a product, process, or 

technology throughout its entire life cycle, from raw material extraction to end-of-life disposal. In the case of water 
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treatment technologies like Anaerobic Treatment, LCA can provide insights into the environmental performance of the 

process. Anaerobic treatment is a biological wastewater treatment process that occurs in the absence of oxygen. It is 

commonly used for treating organic-rich wastewaters and can produce biogas (mainly methane) as a byproduct. Here's 

how the LCA of Anaerobic Treatment might be approached. 

 
 

Figure 1.0:  Life cycle Impact Assessment of Waste water 

 

Goal Definition and Scope: Define the goal of the LCA, such as comparing the environmental performance of 

anaerobic treatment with alternative wastewater treatment methods. Determine the boundaries of the assessment, 

including which life cycle stages will be considered (e.g., raw material extraction, construction, operation, maintenance, 

end-of-life). 

 

Inventory Analysis: Collect data on all inputs (raw materials, energy, chemicals) and outputs (biogas, treated water, 

sludge) associated with each life cycle stage. This involves gathering information about equipment, energy 

consumption, chemical use, and transportation. 

 

Impact Assessment: Assess the potential environmental impacts of the inputs and outputs identified in the inventory 

analysis. This can include impacts such as greenhouse gas emissions, water consumption, land use, eutrophication, and 

toxicity. Use impact assessment methods like the ReCiPe or Eco-Indicator to quantify these impacts. 

 

Interpretation: Analyze the results of the impact assessment to understand which stages of the anaerobic treatment life 

cycle contribute most to various environmental impacts. This helps identify "hotspots" where improvements could be 

made. 

 

Sensitivity Analysis: Conduct sensitivity analyses to account for uncertainties in the data and assumptions. This can 

involve varying parameters like energy consumption, waste composition, and treatment efficiency to see how they 

affect the overall results. 

 

Comparison and Conclusion: Compare the environmental impacts of anaerobic treatment with those of alternative 

wastewater treatment methods. This comparison can provide insights into whether anaerobic treatment is more 

environmentally favorable in terms of specific impacts. 
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Recommendations: Based on the LCA results, suggest potential strategies for reducing the environmental impacts of 

anaerobic treatment. This might involve optimizing energy use, improving waste composition, or enhancing treatment 

efficiency. 

 

Reporting: Present the findings of the LCA in a clear and transparent manner, including details of the methodology, 

data sources, assumptions, and results. 

 

IV. ECONOMICS OF WASTEWATER TREATMENT 

The economics of wastewater treatment involves assessing the costs and benefits associated with treating wastewater to 

meet environmental and regulatory standards. Wastewater treatment is essential to protect public health and the 

environment by removing contaminants from wastewater before it is released back into the environment. Here are some 

key economic aspects to consider: 

 

Capital Costs: These are the upfront costs required to design, engineer, and construct wastewater treatment facilities. 

This includes expenses for equipment, infrastructure, land acquisition, and initial permitting. 

 

Operating and Maintenance Costs: These are ongoing expenses required to operate and maintain the treatment 

facility. This includes costs for labor, energy consumption, chemicals, spare parts, repairs, and regular maintenance 

activities. 

 

Energy Costs: Energy is a significant cost component in wastewater treatment due to the need for pumping, aeration, 

and other processes. Energy-efficient technologies and practices can help reduce these costs. 

 

Chemical Costs: Chemicals are often used in wastewater treatment processes for disinfection, coagulation, and other 

purposes. The cost of purchasing and handling these chemicals contributes to the overall economics. 

 

Labor Costs: Skilled labor is required to operate and maintain wastewater treatment facilities. Labor costs depend on 

factors like staffing levels, wage rates, and the complexity of the treatment processes. 

 

Replacement and Upgrade Costs: Over time, equipment and infrastructure may need to be replaced or upgraded to 

maintain efficient operations. Factoring in these future costs is important for long-term economic planning. 

 

Regulatory Compliance Costs: Wastewater treatment facilities must adhere to environmental regulations and 

discharge standards. Compliance costs can include fees, monitoring expenses, and costs associated with adapting to 

changing regulations. 

 

Benefits of Treatment: While the economic focus is often on costs, it's important to consider the benefits of 

wastewater treatment. This includes avoiding environmental damage, protecting water resources, and preventing the 

spread of waterborne diseases. 

 

Externalities: The economic impacts of wastewater treatment can extend beyond the facility itself. Proper treatment 

can lead to improved water quality, which benefits ecosystems, public health, and industries that rely on clean water. 

 

Cost-Benefit Analysis: To assess the economics of wastewater treatment comprehensively, a cost-benefit analysis can 

be performed. This involves comparing the total costs of treatment against the benefits, which might include avoided 

environmental damage, improved water quality for recreational and industrial use, and potential economic gains from a 

healthier environment. 

 

Funding Mechanisms: Wastewater treatment projects are often funded through a combination of user fees, 

government grants, loans, and private investments. The economic viability of a treatment project depends on the 

availability of funding sources and the willingness of stakeholders to contribute. 

 

Lifecycle Cost Analysis: Similar to Life Cycle Assessment (LCA), this analysis considers the entire lifecycle of a 

treatment facility, including capital costs, operating costs, maintenance costs, and eventual decommissioning costs. It 

provides a more comprehensive view of the economics over the facility's lifetime. 

 

Understanding the economics of wastewater treatment is crucial for designing cost-effective and sustainable solutions 

that balance environmental protection with financial feasibility. 
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V. ANAEROBIC BAFFLED REACTOR FOR TREATMENT 

An Anaerobic Baffled Reactor (ABR) is a type of wastewater treatment system that utilizes anaerobic (oxygen-free) 

conditions to treat organic-rich wastewaters. The ABR is designed with multiple compartments or baffles that allow the 

wastewater to flow through different stages of treatment, enhancing the efficiency of the anaerobic degradation 

processes. It's a modification of the traditional UpFlow Anaerobic Sludge Blanket (UASB) reactor.Anaerobic treatment 

of domestic wastewater is an attractive alternative to conventional aerobic treatment (e.g., activated sludge) due to its 

production of methane-rich biogas and elimination of electricity requirements for aeration. Furthermore, the ABR is 

amongst the most desirable anaerobic reactors for treatment of domestic wastewater due to its high energy recovery and 

compartmentalized design which allows for high biomass retention, separation of acidogenesis and methanogenesis, 

and reduced expansion of the sludge. 

 

 
 

Figure 2.0. Process flow diagram of decentralized ABR wastewater treatment system. 

 

Typical inflows range from 2 to 200 m3 per day. Critical design parameters include a hydraulic retention time (HRT) 

between 48 to 72 hours, upflow velocity of the wastewater below 0.8 m/h and the number of upflow chambers (3 to 6). 

The connection between the chambers can be designed either with vertical pipes or baffles. Accessibility to all 

chambers (through access ports) is necessary for maintenance. Usually, the biogas produced in an ABR through 

anaerobic digestion is not collected because of its insufficient amount. The tank should be vented to allow for controlled 

release of odorous and potentially harmful gases. The reactor always starts with a settling chamber for larger solids and 

impurities followed by a series, sometimes up to 5 up-flow chambers. The wastewater enters the chambers at the bottom 

and needs to pass through the sludge to move up and to the next compartment. Thereby particles settle against the up-

stream. As the wastewater passes through the sludge, intensive contact between the active biomass in the resident 

sludge and newly incoming wastewater occurs. To equally distribute the entering liquid in the chambers, they should be 

designed as relatively short compartments (< 75 cm of length and < 50% to 60% of the height. To retain any possible 

scum formed in the up-flow chamber, the outlets of each tank as well as the final outlet should be placed slightly below 

the liquid surface. The up-flow velocity is the most crucial parameter for dimensioning, especially with high hydraulic 

loading. It should not exceed 3.0 m/h. Based on a given HRT, the up-flow velocity increases in direct relation to the 

reactor height. Therefore, the reactor height cannot serve as a variable parameter to design the reactor for the required 

HRT.  

 

The limited upstream velocity results in large but shallow tanks. It is for this reason that the baffled reactor is not 

economical for larger plants. The organic load should be below 3 kg COD/m3/day. Higher loading-rates are possible 

with higher temperature and for easily degradable substrates. During the anaerobic digestion, biogas is produced, which 

can be recovered and reused in the kitchen or for driving pumps and other equipment when necessary. Methane 

concentration increases steadily from the first compartment to the last. The methane producing activity of anaerobic 

sludge in different compartments depends on the substrate, which suggests that the proper anaerobic consortium in each 

separate compartment develops in accordance to the substrate available and the specific environmental conditions. The 

use of the produced biogas in the kitchen might be the most realistic and easiest way to reuse the biogas in decentralized 
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systems. If the gas is not recovered, the tanks need to be vented to prevent the release of the potentially harmful gases. 

To increase the treatment efficiency (especially regarding pathogens), the last chamber may be an anaerobic filter. 

 

 
Figure 3.0ABR Design for Domestic waste water treatment 

 

Design & Characteristic of Anaerobic Baffled Reactor (ABR)  

Designing an Anaerobic Baffled Reactor (ABR) involves several steps to ensure efficient and effective treatment of 

organic-rich wastewaters. Below are the key design considerations and steps involved in designing an ABR: 

 

Site Assessment and Wastewater Characterization: Understand the characteristics of the wastewater to be treated, 

including flow rate, organic strength, temperature, and pH. Conduct a site assessment to determine available space, 

environmental regulations, and other site-specific factors. 

 

Reactor Sizing: Determine the required reactor volume based on the influent flow rate and the desired hydraulic 

retention time (HRT). HRT is the average time wastewater spends in the reactor. Consider the number of baffles and 

compartments in the reactor. The number and dimensions of compartments depend on the specific treatment objectives 

and the wastewater characteristics. 

 

Baffle Design: Baffles are vertical dividers that create compartments within the reactor. Their purpose is to control 

hydraulic flow and provide adequate contact time for treatment. The width, height, and spacing of baffles should be 

designed to minimize short-circuiting and ensure even distribution of wastewater across compartments. 

 

Gas-Liquid Separation: Design an effective gas-liquid separation system to capture and collect biogas generated 

during anaerobic digestion. This can include gas collection pipes, a gas storage chamber, and safety measures. 

 

Inlet and Outlet Design: Design the inlet and outlet structures to distribute wastewater uniformly across compartments 

and ensure controlled flow. This can involve distribution pipes, weirs, and effluent collection systems. 

 

Material Selection: Select appropriate materials for the construction of the reactor, considering factors such as 

chemical resistance, durability, and cost. 

 

Mixing and Agitation: Adequate mixing within each compartment is important for maintaining contact between 

microorganisms and organic matter. Consider using internal mechanisms for mixing or optimizing the hydraulic flow to 

achieve mixing. 
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Startup and Acclimatization: Anaerobic systems typically require a startup period during which the microbial 

community acclimatizes to the wastewater characteristics. Start with a gradual increase in influent strength and monitor 

system performance. 

 

Monitoring and Control: Implement monitoring and control systems to track influent and effluent characteristics, 

reactor temperature, gas production, and other relevant parameters. This helps ensure efficient operation and allows for 

adjustments if needed. 

 

Safety Measures: Incorporate safety features to prevent gas leaks, ensure proper venting of biogas, and protect 

operators from potential hazards associated with anaerobic processes. 

 

Compliance with Regulations: Design the ABR to meet local environmental regulations and discharge standards. 

Obtain necessary permits and approvals. 

 

Maintenance and Upkeep: Plan for regular maintenance, cleaning, and sludge removal. Proper maintenance ensures 

the longevity and consistent performance of the ABR. 

 

Remember that the design of an ABR should be tailored to the specific characteristics of the wastewater, site conditions, 

and treatment goals. Consulting with wastewater treatment experts, engineers, and regulatory authorities can help 

ensure a successful ABR design and implementation. 

 

Advantages of ANAEROBIC BAFFLED REACTOR FOR TREATMENT 

Enhanced Treatment Efficiency: The compartmentalization of the reactor enhances the efficiency of organic matter 

degradation. Different stages of treatment can occur in each compartment, allowing for a gradual breakdown of 

complex organic compounds.  

 

Reduced Short-Circuiting: The baffles help prevent short-circuiting of wastewater flow, ensuring that the wastewater 

spends sufficient time in contact with the microorganisms in each compartment. 

 

Biogas Production: The anaerobic degradation process in the ABR produces biogas, which can be collected and used 

as an energy source. 

 

Lower Energy Requirements: Compared to aerobic treatment processes, anaerobic treatment generally requires less 

energy because it doesn't rely on aeration. 

 

RESULT, DISCUSSION & OPERATIONS 
 

In this study, we quantified the performance of an ABR treating domestic wastewater at 17°C and 22°C. Removal of 

organics and solids, production of biogas, and concentrations of dissolved methane were used to model environmental 

and economic performance for a full-scale ABR. Steady-state reactor performance was assessed at 22°C for 40 days and 

at 17°C for 50 days. The performance and maintenance testing schedule can be found in Table of the appendix. Raw 

wastewater collected daily in local waste water collection authority and used as feed. Sodium bicarbonate was added to 

the feed every other day to achieve alkalinity of 1115 mg/L as CaCO3 at 22°C and 800 mg/L as CaCO3 at 17°C to 

ensure that the pH within the reactor remained in the range of 6.7-7.7.The feed was continuously mixed with a paddle 

mixer and fed into a side port of the ABR using a peristaltic pump. A unit automatically controlled operating cycles for 

the pump and achieve a (0.62 & 0.56 day HRT. The OLR varied as described in Table during 22°C and 17°C operation 

due to daily differences in feed concentration Solids were wasted from Chamber 1 two times per week to reduce the 

build-up of non-biodegradable solids in Chamber 1, which obstructed the liquid sampling port. However, solids still 

accumulated within the reactor at a rate of approximately 3.5 g per day. Wasting of solids from Chambers 2 and 3 was 

not required. Butyl rubber septum on sampling ports was replaced twice per week and influent tubing was replaced on 

an as needed basis due to varying rates of solids buildup within the tubing. 

 

Table 3.1. Values of OLR and HRT at 17°C and 22°C (average [number of samples] (95% CIs)) 

 

Parameter Unit 

 

17°C 22°C 
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Average 

[n] 

93% CI Average [n] 93% CI 

 

OLR g BOD fed/L reactor-d 0.54 [53] (0.46,0.57) 0.54 [41] (0.44,0.58) 

g COD fed/L reactor-d 1.10 [53] (0.96,1.22) 1.10 [41] (0.97,1.26) 

HRT d 0.61 [57] (0.61,0.59) 0.61 [43] (0.62,0.56) 

 

The average concentrations of TCOD, SCOD, TSS, VSS, and BOD5 in the effluent at 17°C and 22°C Average ± 

standard deviation TCOD concentrations of 136 ± 26 mg/L and 100 ± 24 mg/L (from about 550 mg/L in the influent) at 

were measured at 17°C and 22°C, respectively. Average ± standard deviation TSS concentrations of 11 ± 3 mg/L and 8 

± 4 mg/L were measured at 17°C and 22°C, respectively. Concentrations of TCOD, SCOD, and TSS in the effluent 

agreed with a previous study on the same wastewater which reported effluent concentrations of 99, 71, and 12 mg/L, 

respectively. Concentrations of TCOD, SCOD, TSS, VSS, and BOD5 in the effluent were lower at 22°C than at 17°C. 

However, there was substantial variability in these values. A statistical analysis was conducted which determined that 

the difference between 17°C and 22°C effluent TCOD, SCOD, TSS, VSS, and BOD5 concentrations were statistically 

significant at the 95 percent confidence level. Although all effluent concentrations are significantly different at the 95 

percent confidence level, it is not clear that decrease of 7°C in operating temperature had a practical impact on effluent 

quality. 

 

Table 3.2 Statistical analysis of the result 
 

Parameter Units Tcalculated Ttable Statistically 

Different 

Effluent TCOD mg/L 7.20 2.01 Y 

Effluent SCOD mg/L 4.97 2.02 Y 

Effluent TSS mg/L 2.86 2.07 Y 

Effluent VSS mg/L 2.75 2.13 Y 

Effluent BOD5 mg/L 7.23 2.01 Y 

Influent TCOD mg/L 1.09 2.02 Y 

Influent SCOD mg/L 2.13 2.02 Y 

Influent TSS mg/L 0.69 2.06 Y 

Influent VSS mg/L 2.71 2.12 Y 

Influent BOD5 mg/L 1.12 2.02 N 

 

The average percent removals achieved by the ABR at 22°C and 17°C are listed in Table 3.2. On average, the ABR 

achieved a 7 percent higher TCOD removal at 22°C than at 17°C. 

 

 
Figure 4.0 Influent TCOD concentration, effluent TCOD concentration, and percent removal of TCOD in a 

bench-scale anaerobic baffled reactor (ABR) operated at 17ºC and 22ºC. 
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Data collected for pH, VFAs and VA/PA was used to assess the “health” of the reactor. A “healthy” reactor is indicated 

by a pH of 6.4 to 8.0 and total VFA concentration lower than influent COD concentration. Furthermore, inhibition of 

methane production may occur if the VA/PA ratio exceeds 1.0. 

. 

CONCLUSION 

 
In conclusion, the Anaerobic Baffled Reactor (ABR) has proven to be a promising and effective technology for 

wastewater treatment. Through its unique design of multiple compartments and controlled anaerobic conditions, the 

ABR has demonstrated its ability to efficiently remove organic pollutants and nutrients from various wastewater 

streams. This environmentally friendly approach not only reduces the carbon footprint associated with wastewater 

treatment but also generates biogas as a valuable byproduct. The ABR's modular design allows for flexibility in 

operation and optimization, making it suitable for a range of applications and scales, from industrial to domestic 

settings. Its robust performance in terms of pollutant removal, low energy consumption, and minimal sludge production 

makes it an attractive option for sustainable water treatment. However, it's important to acknowledge that the 

effectiveness of the ABR can be influenced by factors such as hydraulic retention time, influent characteristics, 

temperature, and operational conditions. Regular monitoring, maintenance, and adjustments are essential to ensure 

consistent performance. Temperature had a statistically significant effect on the average TCOD removal of the ABR – 

resulting in 75 percent removal at 17°C and 80 percent removal at 22°C. However, temperature did not significantly 

affect the SCOD, TSS, or VSS removal of the system. The ABR effluent contained dissolved methane concentrations of 

28.0 mg/L at 22°C and 31.0 mg/L at 17°C which represents nearly one-fifth of the influent COD. Furthermore, nearly 

one-third of the total methane produced was trapped in the dissolved phase. Consequently, methods to extract dissolved 

methane prior to discharging effluent would improve the treatment process by increasing the energy efficiency and 

reducing the greenhouse gas emissions of the ABR As we continue to address the challenges of increasing urbanization, 

industrialization, and water scarcity, the Anaerobic Baffled Reactor presents itself as a valuable tool in our arsenal for 

sustainable water management. Further research and innovation in terms of design enhancements, process optimization, 

and integration with complementary technologies will undoubtedly contribute to unlocking the full potential of the 

ABR in addressing our evolving wastewater treatment needs. 
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