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CHAPTER ONE: INTRODUCTION 

This chapter provides an over view of the research study. Chapter one include an 

introduction of the anaerobic digestion, mathematical modeling of anaerobic 

digestion, available reactors, research problem and the research objectives.  
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1. INTRODUCTION 
 

Anaerobic digestion (AD) is a biological conversion of organic matters into a highly 

valuable gaseous mixture of methane and carbon dioxide. (Lyberatos and Skiadas, 

1999; Neylan 2010). There the biodegradation of organic material proceeds in the 

absence of oxygen and the presence of anaerobic microorganisms (Verma, 2002). In 

the process it converts complex organic materials into simple organic and dissolved 

nutrients with the help of several groups of micro organisms (Lansing, et al., 2008).  

 

Figure 1-1: The cycle of biogas 

Several methods have been used to mitigate the organic waste problem in the world 

(Khalid, et al., 2011). Among them, anaerobic digestion (AD) process is one of the 

technologies used to produce energy as well as to reduce the organic content of waste 

(Bouallagui, et al., 2004). Further it has been broadly recognized as the core of 

sustainable waste management (Mahmoud, et al., 2004).  Currently various types of 
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reactors are used to convert organic fraction of the substrates (Appels, et al., 2008) 

into methane.  The reactor performance varies with the reactor configuration and the 

types of the substrates (William and David, 1999).  

This technology is spreading in rural areas significantly. Biogas technology was first 

introduced to Sri Lanka in 1970 (Musafer, 2005). Since then many research have 

been carried out to improve the technology in such a way that it disseminate among 

local public.  

1.1 Anaerobic digestion 

 

Anaerobic digestion (AD) is a series of biochemical reactions in which different 

groups of microorganisms are engaged at different phases to convert variety of 

organic matters (Keshtkar, et al., 2003). The products of this biological conversion 

mainly comprise a gas mixture having methane and carbon dioxide known as biogas 

(Lyberatos and Skiadas, 1999). Disintegration is the phase which converts composite 

materials into particulate substrate such as carbohydrate, protein and lipid (Bastone, 

et al., 2002). Hydrolysis transforms particulate substrates into the intermediate 

organic monomers as sugars, fatty acids and amino acids.  These monomers are 

converted in to series of acids of valaric , propionate, butric etc through the 

participation of acedogenesis microorganisms.  Then it is further converted into 

acetic acid, hydrogen and carbon dioxide by the special microorganism call 

acetogenesis. Latterly methanogenesis bacteria produce biogas by consuming acetic 

acid and the hydrogen and carbon dioxide (Botheju and Bukke, 2011). 
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Figure 1-2: Anaerobic digestion pathway  

Source: (Rapport, et al., 2008) 

1.1.1  AD modeling 

 

The process of AD is susceptible to significant stability problems that may be 

avoided only through appropriate control strategies. Such strategies require, in 

general, the development of appropriate mathematical model (Lyberatos and Skiadas, 

1999). Fundamental models of various complexities describing anaerobic digestion 

process have been developed during the last four Decades (Dereli, et al., 2010). At 

the beginning, models were created for the steady state condition of the AD and 

assumed a rate-limiting step which controls the overall rate of the process (Lawrence, 

1971). Currently there are multiple dynamic digestion models are available and 

Anaerobic Digestion Model 1 (ADM1) is a common generic model which can be 

used to analyze the behavior of anaerobic digestion process (Baston, et al.,  2002).   
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1.1.2 Available reactors 

 

According to the type of reactor feeding, there are two types of reactors of batch and 

continuous operation.  For the substrates with higher solid contents, as in the case of 

complex waste, completely stirred reactors (CSTRs) are used (Alvarez, 2003) and it 

is a common reactor used in anaerobic digestion in waste water treatment (Lyberatos 

and Skiadas, 1999). Up flow anaerobic sludge blanket (UASB)  process has a high 

treatment rates, good CH4 productivity and low sludge production ( Chavez, et al., 

2004)  due to the formation of highly flocculated, well settling, compact granules 

microorganisms are retaining in the reactor (Lyberatos and Skiadas, 1999). Plug flow 

(tubular) reactor shows good performance over substrate having high organic content 

like fruit and vegetables (Bouallagui, et al., 2004). In plug flow reactor, acidogenic 

and methanogenic phases get separated along the flow path, which could improve the 

reactor stability and treatment efficiency (Lane, 1984; Vandevivere, et al., 2002). 

 

1.2 Research Problem 

 

Anaerobic treatment has gained wide acceptance as a sustainable technology for 

treatment of solid wastes and waste water (Bouallagui, et al., 2004). Within Last few 

years anaerobic biological treatment of the organic fraction of municipal solid waste 

has received increasing attention (Bouallagui, et al., 2003). But in the local context 

this technology is not rapidly advancing due to process failures and poor technology 

management. Most of the failures are reported in the anaerobic solid waste treatment 

than waste water treatment. Mostly solid waste is food waste generated from 

vegetable shops and canteens.   Recently, novel plug flow reactor system has been 

installed in few local institutions to treat semi solid wastes (food waste) with 

improved efficiency. However lack of understanding of operational parameters and 

functional units of this reactor system has led to suboptimal operation and thereby 

low gas production and methane yield. Therefore this research is aimed to find 

sustainable solution for instability of the process via mathematical modeling and 

simulation of plug flow reactor. This research aims to optimize tubular reactor and 
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find strategies to overcome instability of such reactor using dynamic modeling and 

simulation.  

 

1.3 Research Objectives 

The main objective of this study is to develop an appropriate reactor model in 

AQUASIM 2.1 environment which elaborates a behavior of real plug flow reactor. 

Then, simulate the reactor system by implementing ADM 1 within AQUASIM 2.1.  

Finally using simulation results, most suitable organic loading rate and the hydraulic 

retention time for the food waste under different organic loading conditions are 

investigated. 

 

1.4 Outline of the research 

A conceptual diagram of research is shown in Figure 1-3. This study is focused on 

modeling and simulation of anaerobic plug flow reactor using canteen food waste as 

substrate. Reactor performance was evaluated based on gas production, gas 

composition and Total chemical oxygen demand (TCOD) reduction. Then an in-

depth study was performed to optimize the anaerobic co-digestion process for 

canteen food waste.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3: Conceptual diagram of the research study in a broader prospective 
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1.5 Research Strategy  

 

In this study, it was expected to optimize anaerobic digestion process for the canteen 

food waste in a plug flow reactor via in an approach of mathematical modeling and 

simulation. Two basic plug flow reactor schematic models were developed for the 

simulation. ADM1 was used to carry out the dynamic modeling & simulation of 

anaerobic process in a plug flow reactor. Estimated parameters for the rates of 

hydrolysis of substrates were used from previous studies in order to perform the 

simulations.  

 

 
 

 

 

 

 

 

Figure 1-4: Research strategy 
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