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Introduction

In the evolving field of wastewater management, anaerobic reactors have emerged as a cornerstone technology 

for sustainable and cost-effective treatment. Among the pivotal resources that guide engineers, researchers, and 

practitioners through the intricacies of this technology is the Biological Wastewater Treatment Series  authored by 

Carlos Augusto De Lemos Chernicharo. Volume 4 of this series, published in 2007 as a paperback, focuses

exclusively on anaerobic reactors, offering a comprehensive exploration of design, operation, and real-world

applications. This article delves into the book’s contributions, the fundamental science behind anaerobic digestion,

and the practical insights that make it an indispensable reference for anyone involved in wastewater treatment.

Understanding Biological Wastewater Treatment

Biological wastewater treatment harnesses the metabolic capabilities of microorganisms to degrade organic matter, 

remove nutrients, and stabilize waste streams. The process can be broadly categorized into aerobic and anaerobic

pathways, each with distinct advantages and operational considerations. While aerobic systems rely on oxygen to

oxidize pollutants, anaerobic reactors thrive in oxygen �free environments, converting organic substrates into biogas

—a mixture rich in methane and carbon dioxide—alongside stabilized sludge.

The choice between these systems often depends on factors such as the composition of the influent, energy

recovery goals, regulatory requirements, and economic feasibility. In recent years, the push toward circular

economies and renewable energy has amplified interest in anaerobic technologies, positioning them as key players

in the global effort to reduce greenhouse gas emissions.

Anaerobic Reactors: Principles and Types

Fundamental Process Dynamics

At the heart of anaerobic digestion lies a consortium of microorganisms, each performing a specific step in the

degradation of organic matter. The classic sequence involves:

1.  Hydrolysis – Complex polymers (proteins, fats, carbohydrates) are broken down into soluble monomers.

2.  Acidogenesis – Fermentative bacteria convert monomers into volatile fatty acids, alcohols, hydrogen, and 

carbon dioxide.

3.  Syntrophic Interactions – Certain bacteria oxidize fatty acids in partnership with methanogens, ensuring the 

removal of hydrogen that would otherwise inhibit acidogenesis.

4.  Acetogenesis – Conversion of intermediates into acetate, which serves as the primary substrate for 

methanogens.

5.  Methanogenesis – Methanogenic archaea produce methane (CH „) and carbon dioxide (CO ‚) from acetate, 

hydrogen, and carbon dioxide.

These stages are interconnected; the stability of the system hinges on maintaining optimal conditions—



temperature, pH, retention time, and nutrient balance—to support each microbial community.

Common Reactor Configurations

Several reactor designs have proven effective for different wastewater streams. The most frequently encountered

configurations include:

•  Continuous Stirred �Tank Reactors (CSTR) – Provide uniform mixing and are suitable for high �strength industrial 

effluents.

•  Upflow Anaerobic Sludge Blanket (UASB) – Capitalize on the buoyancy of granular sludge, making them ideal 

for municipal wastewater.

•  Sequencing Batch Reactors (SBR) – Operate in discrete cycles, offering flexibility for variable loading rates.

•  Plug Flow Reactors (PFR) – Minimize contact between inflow and outflow streams, enhancing retention times.

Each configuration offers distinct advantages in terms of footprint, energy consumption, and treatment efficiency,

and the choice often depends on the specific operational constraints of a plant.

The Significance of Volume 4 in the Biological Wastewater Treatment Series

Published in 2007, Volume 4 of De Lemos Chernicharo’s series stands out as a definitive guide to anaerobic

reactors. It bridges the gap between theoretical foundations and engineering practice, making it a valuable

resource for both newcomers and seasoned professionals. The book’s structure—combining detailed expositions of

core principles with practical case studies—ensures that readers gain a holistic understanding of the technology.

Notably, the paperback format enhances accessibility, allowing field engineers to reference the text on-site without

the bulk of a hardcover volume. The 2007 publication date also positions it as a snapshot of the state of anaerobic

treatment at a pivotal time when renewable energy integration was gaining momentum worldwide.

Key Contributions of the Book

•  Comprehensive Theoretical Framework – The author elucidates the microbiology, thermodynamics, and 

kinetics underpinning anaerobic digestion.

•  Design Methodologies – Step �by �step guidance on sizing reactors, selecting appropriate media, and 

configuring hydraulic retention times.

•  Operational Insights – Practical tips for monitoring parameters, troubleshooting common issues, and 

optimizing biogas production.

•  Case Studies – Real �world examples from municipal and industrial settings illustrate successful 

implementations and lessons learned.

•  Environmental Impact Assessment – Analysis of greenhouse gas emissions, nutrient removal, and the 

potential for renewable energy generation.

Content Highlights: Chapters and Key Topics

Chapter 1: Introduction to Anaerobic Digestion

This opening chapter sets the stage by defining anaerobic processes, outlining their historical development, and

highlighting their relevance in modern wastewater treatment.

Chapter 2: Microbial Ecology and Metabolic Pathways

Delving into the microbial consortia, this section explains the roles of hydrolytic, acidogenic, acetogenic, and

methanogenic bacteria, along with their environmental sensitivities.

Chapter 3: Reactor Design Principles



Here, De Lemos Chernicharo provides formulas for calculating hydraulic retention times, organic loading rates, and

reactor volumes for various configurations.

Chapter 4: Operational Monitoring and Control

Readers learn how to monitor pH, temperature, volatile fatty acids, and biogas composition, and how to adjust

operational parameters to maintain stability.

Chapter 5: Energy Recovery and Biogas Utilization

This chapter discusses the conversion of biogas into electricity, heat, or upgraded gas, emphasizing cost recovery

and emission reductions.

Chapter 6: Case Studies and Practical Applications

Real-world examples from cities across Latin America and industrial plants demonstrate the versatility of anaerobic

reactors.

Chapter 7: Environmental and Regulatory Considerations

The final chapter addresses compliance with environmental regulations, sludge handling, and the potential for

nutrient recovery.

Practical Applications and Case Studies

Volume 4’s case studies span diverse settings, showcasing the adaptability of anaerobic reactors. One notable

example involves a municipal wastewater treatment plant in São Paulo that transitioned from a conventional

activated sludge system to a UASB reactor, achieving a 30% reduction in energy consumption while generating

enough biogas to power the plant’s lighting system.

In another instance, a textile manufacturing facility in Oaxaca implemented a CSTR to treat high �strength effluent

containing dyes and heavy metals. By carefully controlling the temperature and retention time, the plant not only

met discharge limits but also produced biogas that was used to heat the production process, cutting down on fossil

fuel usage.

These stories underscore the technology’s versatility, illustrating how anaerobic reactors can be tailored to specific

operational constraints and environmental goals.

Design and Operation Guidelines

1. Determining the Organic Loading Rate (OLR)

The OLR, expressed in kg COD/m³·day, dictates the amount of organic matter that can be processed per unit

volume of reactor. A typical range for municipal wastewater is 0.5–1.5 kg COD/m³·day, whereas industrial streams

may require higher rates.

2. Calculating Hydraulic Retention Time (HRT)

HRT is calculated using the formula HRT = V / Q, where V is reactor volume and Qis influent flow rate. Adequate

HRT ensures sufficient time for microbial degradation.

3. Temperature Management

Mesophilic conditions (35–40 °C) are standard for most municipal systems, whereas thermophilic conditions (50–

55 /°C) can accelerate reactions but require more energy input and careful temperature control.



4. pH Stabilization

Maintaining a pH between 6.8 and 7.8 is critical for methanogenic activity. Buffering agents such as calcium

carbonate can be added to stabilize the system.

5. Biomass Retention and Granulation

Granular sludge in UASB reactors enhances biomass retention, reducing washout and improving treatment

efficiency. Strategies to promote granulation include adjusting HRT and feeding regimes.

Environmental and Economic Benefits

Adopting anaerobic reactors yields multiple advantages:

•  Energy Recovery – Biogas can be combusted to generate electricity, heat, or upgraded natural gas, offsetting 

operational costs.

•  Greenhouse Gas Mitigation – Properly managed anaerobic systems capture methane, a potent greenhouse 

gas, preventing its release into the atmosphere.

•  Reduced Chemical Demand – Biological processes reduce the need for external chemicals, lowering 

operating expenses.

•  Sludge Reduction – Anaerobic digestion produces less solids, easing sludge handling and disposal.

•  Resource Recovery – Nutrients such as nitrogen and phosphorus can be recovered for reuse in agriculture.

Challenges and Solutions

1. Process Instability

Sudden changes in influent composition can destabilize the microbial community. Gradual acclimatization and

real �time monitoring help mitigate shocks.

2. Low Biogas Quality

Contaminants like hydrogen sulfide may corrode equipment. Gas cleaning systems, such as sulfur removal units,

are essential for maintaining equipment integrity.

3. Capital Costs

While anaerobic reactors can lower operating expenses, initial investment can be high. Cost �benefit analyses that

incorporate energy savings and carbon credits often justify the expenditure.

4. Regulatory Compliance

Ensuring that effluent meets stringent discharge standards requires careful design and continuous monitoring. The

book provides guidelines for meeting common regulatory benchmarks.

How to Access and Use the Book

Volume 4 of the Biological Wastewater Treatment Series is available in both print and digital formats. Libraries at

universities, especially those with environmental engineering departments, often hold copies. For professionals,

purchasing a paperback edition provides a durable reference that can be carried to the field.

Online retailers and academic book distributors list the title with ISBN details. When acquiring the book, consider

obtaining the latest edition if available
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