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CHAPTER THREE: MATERIALS AND METHODS 

This chapter includes the methods of reactor model developed in AQUASIM 2.1f 

and method of simulation carried under different reactor feed conditions.  
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3 Materials and methods  

3.1 Introduction 

In this study, to model PFR, two new strategies are introduced. In each method, the 

effluent is fed continuously in to the reactor systems. The reactor models and 

anaerobic digestion model no. 1 (ADM1) developed by an international water 

association (IWA) group (Batstone, Keller et al., 2002), were built on Aquasim 2.1f 

environment. Then the initial conditions and input parameters were given 

accordingly.  Estimated values for the hydrolysis rates of canteen food waste were 

used in the simulation.  

3.2 Classification of substrate as dictated by ADM 1 

Canteen food waste is considered as the main substrate in this study since many 

problems has arisen in anaerobic digestion of it. Results from previous study were 

used for the calculation of composition of the waste. Composition of proteins, Lipids 

and ash, were taken from previous studies (Dilnayana, 2010) are shown in (Table 3-

1).  

Table 3-1: Characteristics of substrate (Food waste)  

Component Percentage (w/w %) 

Carbohydrate  68.93  

Proteins 21.1 

Lipids  4.87 

Ash  5.1  

 

In the model reactor, Particulate carbohydrates (X_input_ch), particulate proteins 

(X_input_pr), particulate lipids (X_input_li) and particulate inert (X_input_I) are 

main inputs and should be given in unit of “kgCOD/m
3
” as dictated by the ADM1. 

The compositions of the feed sample were calculated according to the test data of 

actual waste sample of running AD reactor. Particulate compositions (X_input_ch, 

X_input_pr, X_input_li, and X_input_I) of the final mixture were calculated by 
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combining the literature data (Table 3-1) and analyzed data (Table 3-2), as given 

below.  

Table 3-2: Feed volumes  

 Volume (m
3
/d) 

Food 10 

water 60 

 

The TVS content of the food waste sample was 55 kgTVS/ m
3
. Table 3-3 gives the 

values of kgCOD/kg of components in the waste (Rathnasiri, 2012).  

Table 3-3:  Characteristics of the substrate 

Component kgCOD/kg 

Carbohydrates 1.0666 

Proteins 1.3812 

Lipids 2.8784 
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Accordingly all the other compositions were calculated and tabulated in Table 3-4. 

 



32 
 

Table 3-4:  Characteristics of the feed 

Particulate Substrate  Concentration (kgCOD/m
3
) 

Carbohydrates 5.7766 

Proteins 2.2898 

Lipids 1.1014 

Inert 51.4881 

 

3.3 Model parameters  

In model simulation, the required estimated hydrolysis parameters were taken from 

the results of previous study which has been conducted for the anaerobic digestion of 

food waste (Dilnayana 2010).  

Table 3-5: Optimum Hydrolysis Rate Constants  

khyd_ch (d
-1

) khyd_li (d
-1

) khyd_pr (d
-1

) 

6.80 0.20 0.27 

 

3.4 Introduction to model scenarios   

The Plug flow reactor model development and simulation was performed according 

to two different scenarios.   

 

Figure 3-1: Two scenarios for plug flow reactor model 

 

Plug flow reactor 
model  

Advective diffusive 
reactor model 

CSTR in series model 
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3.4.1 Scenario 1: Advective diffusive reactor model 

In first method, the plug flow reactor was modeled as an advective diffusive reactor. 

The slurry which is coming out from the plug flow reactor was collected in to a 

slurry tank. The slurry tank itself is another CSTR type reactor and none of the 

biological reactions were activated in it. It has been used only to collect the slurry. 

The gas was collected from the slurry tank and allowed to pass in to a space called 

head space which is another CSTR reactor only used for the collection of the biogas. 

The link between the PFR and the Slurry tanks is an advective link and the link 

between the Slurry tanks and the head space is a diffusive link. Figure 3-2 is a 

schematic model of reactors arrangement.   

 

                                     

Figure 3-2 Schematic model of advective diffusive reactor with slurry collection tank 

and gas collection tank 

Table 3-6 Volume of different reactor compartment compartment  

Compartment Volume (m
3
) 

Plug flow reactor 40 

Slurry Tank 10 

Head space 10 

 

Table 3-6 gives the volumes of each compartment of reactor arrangement in 

advectivi diffusive reactor model. The total length of the plug flow is 8 m and cross 
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section area is 5 m
2
 .The volumes and the dimentions of the reactors were selected 

according to the working pilot scale plug flow reactor located at Kothalawala 

Difence University, Moratuwa.   

3.4.1.1 Model inputs for the Advective diffusive reactor 

According to the section 3.2, the following input parameters of carbohydrate 

(X_carb_in) , proteins (X_Pr_in) and lipid (X_lip_in) contents of the feed were used 

in the model simulation. Table 3-7 shows the corresponding concentrations of the 

input parameters.  

Table 3-7:  Input characteristics of the feed 

Substrate Amount (kgCOD/m
3
) 

Carbohydrate (X_carb_in) 5.7766 

proteins (X_Pr_in) 2.2898 

lipid(X_lip_in) 1.1014 

Innert (X_I_in) 51.4881 

 

Reactor is fed under different flow rates as listed in Table 3-8 in order to observe the 

variation in gas production rates over various retention times.  

Table 3-8:  Input flow rates and retention times 

Scenario Feed Rate(m
3
/d) Retention time (days) 

1 0.6667 60 

2 0.3334 120 

3 0.1667 240 

4 0.1111 360 

5 0.0833 480 
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3.4.1.2 Simulation 

Simulation was carried out for 400 days under different feed rates. The step size of 

the numeric calculation is 0.1 and number of steps was 4000. The number of grid 

points were set to 10 in order to discrities the diffetential equations. 

3.4.2 Scenario 2- CSTR in series   

 

 

 

 

 

 

 

 

Figure 3.3 : Relation between PFR and series of CSTR 

The volume of series of CSTR is approximately equal to a volume of PFR which 

gives the same chemical comversion of a chemical reaction (Charles, 1977). In PFR, 

the area under the curve of Fio/ri vs Xi gives the volume of the PFR required to achive 

desired Xi conversion.Fio is the feed rate, ri is the reaction rate and Xi is the 

conversion of the reactant. In CSTR, the requivired volume to have same conversion  

is Fio/-ri ( Xi) as shown in Figure 3-3.  There the volume of CSTR is greater than the 

PFR, consequantly both reactors gives same conversion. This can be mitigated by 

introducing sreies of CSRT. There the chemical conversion achived by PFR can be 

achived under approximately  same total volume of series of CSTR reactos.  

In the second method ten CSTR reactors were conencted together in series to 

repercent the plug flow reactor. Each reactor were conencted by advective link in a 

such a way that dischage of one reactor is fed to subsequent reactor. Biogas produced 

Fio/-ri 
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in each reactor was allowed to pass into a one common head space at the top of the 

all reactors. Head space and CSTRs are linked by diffusive links. Figure 3-4 is a 

schematic model of CSTR in series reactor arrangement.   

 

 

 

 

 

 

 

 

Figure 3-4: schematic model of CSTR in series reactor arrangement (n=10) 

 

Table 3-9: Dimensions of the CSTR reactor system 

Compartment Volume (m
3
) 

CSTR (Single) 4 

Head space 10 

 

 

3.4.2.1 Model inputs for the CSTR in series model 

The same feed used in section 3.4.1.1 is used for the reactor simulation. Input feed 

characteristics were same as given in Table 3-5. The different feed flow rates were 

given to first CSTR in same as in the Table 3-6.  
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3.4.2.2 Simulation  

As in the section 3.4.1.3 simulation was carried out for 400 days under different feed 

flow rates. The step size of the numeric calculation is 0.1 and number of steps are 

4000.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


