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The significance of mixing in the anaerobic process for achieving optimal system efficiency and biogas generation was 
investigated. A continuously-stirred tank reactor was run with POME sludge and to make bacterial development, and 
operate at a mixing rate of 110 rpm. At the end of 60 days, the mixing rates were to 0 rpm, 55 rpm, and 195 rpm in every 
digester. Gas generation was monitored for a retention time of 20 days. The result revealed that reactor mixing rate was 
needed to be maintained for having a control on the anaerobic system. Furthermore, a higher amount of biogas was 
produced with a low mixing rate. Besides, it was noticeable that a mixing rate of 195 rpm resulted in a significant decrease 
in biogas generation. However, biogas generation was increased at a mixing rate of 55 rpm. A velocity gradient threshold 
was found above which increase of mixing rate reduces biogas production.  
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INTRODUCTION 
The anaerobic process had been utilized as a stabilization 
technique of waste sludge for the last few decades (Islam 
Siddique et al. 2020) and two-third of the gas generated 
through this process is utilized for producing renewable 
heat (M Nasrullah, 2014). The application of blending in 
the digestion process is needed for bringing bacterial 
communities and feed substrate in close contact to 
produce homogeneous blending (M.N.I.Siddique, 2016) 
(Md. Nurul Islam Siddique, A., M. Sakinah, 2014b). 
Besides, it helps the formation of a uniform setting, 
through temperature and pH in the digester (Md Nurul 
Islam Siddique, 2019). Commercial waste treatment 
projects serving the energy need of the community, the 
energy required to blending is stated to be about 3 W/m3 
of the reactor (Md Siddique, 2018). As industrialists want 
to reduce the expenses and ecological side-effects of co-
digestion, decreasing the rate of blending may become a 
viable choice for decreasing energy requirement (Md. 
Nurul Islam Siddique, A., M. Sakinah, 2014a). 
Nevertheless, the influences of slow blending on gas 
generation are limited in the literature. In this work, the 
anaerobic digestion of palm oil mill effluent was examined 
at a mesophilic state by an improved pilot reactor to check 
the influence of mixing. Satisfactory states for the system 
beginning were confirmed to avoid inhibition.  
  

MATERIALS AND METHODS 
In the present study, 5-L CSTR (Figure 1) was 

operated at a fixed mixing rate of 110 rpm until it attained 
stability. The mixing rates were then set to 0 rpm, 55 rpm, 
and 195 rpm. The CSTR then functioned for a retention 
time of 25 days and the effect of the variation in mixing 
rate on gas generation from the CSTR was monitored.  

Camp and Stein (1943) expressed G as the velocity 
gradient in a mixing reactor (Siddique et al. 2017), stated 
as  

𝐺 = √


μ
= √

P

μV
= √

ε
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Where  = power dissipation, μ = dynamic viscosity, 
P = power of mixing input to reactor, V = volume, ε = 
energy dissipation per unit mass and ν = kinematic 
viscosity of the fluid. In theory, absolute velocity gradient, 
G, can be determined at any point within a CSTR, if the 
energy dissipation at that point is known. The velocity 
gradient is a function of time and position. 
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Figure 1: Schematic diagram of CSTR used in this work.  1-Raw PWW dosing zone; 4,7,16,19,22- control valve; 3-
screening tank, 5- feeding tank; 2,6,20-peristalic pump;8- heater; 9- temperature sensor; 10-pressure controller; 
11- Stirrer Motor with stirrer;12- pH sensor; 13-Gas collection wire; 14-acid base control wire; 15-biogas flow 
meter; 17-biogas collection tank; 21-Process reactor; 18-water displacement system.  

 
 
 
 In other words, the mean velocity gradient through a 

vessel, Ḡ, was also defined as:  

Ḡ = √
Pave

μV
 

Where, Pave = average power consumption of the 
vessel as a whole. The value of Ḡ = often used in the 
design of mixing vessels.  

The CSTR having a volume of 5 L (Table 1) was 
operated with pre-digested palm oil mill effluent sludge 
from a FELDA, Terengganu, Malaysia. The CSTR was fed 
200 mL of POME sludge per day, maintaining a retention 
time of 20 days. A temperature of 37 °C was maintained 
with the help of a water bath connected with the CSTR. 
The CSTR was operated uninterruptedly at a fixed mixing 
rate of 100 rpm for 60 days until a steady state. After 60 
days, the mixing rate was set to 0 rpm, 55 rpm, and 195 
rpm. The retention time was 20 days until the failure of the 
system. Biogas generation was observed using a water 
displacement system. 

Table 1: Digester and Impeller Dimensions 

Digester Dimensions  

Height 0.3 m 

Diameter 0.2 m 

Baffles 4 

Impeller Dimensions  

Blades 3,  45° angle 

Sodium Bicarbonate 0.08 m 

 

As Palm oil mill effluent, POME sludge has a 
discrepancy in properties; therefore, for getting a 
consistent result digested POME sludge has been used 
(Table 2). 

 
Table 2: Composition of synthetic digester sludge 

Feed Constitutent 
Concentration 

(g/L) 

Corn flour (carbohydrate source) 6.1 

Toilet paper (carbohydrate source) 8.9 

Coffee Creamer 
 (fat and glucose source) 

9.3 

Bran flakes 
(fibre/lignin and carbohydrate source) 

10.9 

Yeast extract (protein source) 3.7 

Sodium bicarbonate 5.4 

Carboxymethyl cellulose (CMC) 0.15 

 
 The POME sludge had a viscosity of 14-41 mPa.s for 

the mixing rate of 0-500 rpm. After seeding POME sludge 
produced a significant quantity of biogas over 110 hours to 
a 350 mM acetate feedstock in the BMP test. 

The blending of a CSTR was expressed in terms of 
continuousness, impetus, and turbulence equivalences 
(Md. Nurul Islam Siddique, M.S., A.W. Zularisam, 2014). 
The non-Newtonian liquid model utilized had obtained 
from the viscosity of digested sludge utilized in the test 
(Fann Model 35). This model used the density of 964.99 
kg/m3 and followed a non-Newtonian power-law model, η 
= kγn , with consistency index, k = 0.08 Pa-s0.81, power-
law index, n = 0.81 and permissible viscosity of 0.021 – 
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0.036 kg/m-s. This model was selected due to its 
successful application to define the rheological features of 
POME sludge (Md. Nurul Islam Siddique, Z., 2012). The 
turbulence model yields a result that is equivalent to that 
of the Reynolds Stresses Model (RSM) and less costly. 
CFD software (3 dimensional) was applied to measure the 
range of local velocity gradient. By a multiple reference 
frame system, the area covered by the impeller is taken as 
a rotating area and the equation is resolved using a 
revolving reference frame (Md. Nurul Islam Siddique, Z.A., 
2012; Mimi Sakinah Lakhveer Singh, 2012). Besides, 
another area of the CSTR is assumed as fixed. The 
solution was combined with the border between the 
revolving and fixed zones through velocity alteration. The 
CFD model of the CSTR comprises 410000 mesh cells 
(cell size 2.49x10-3 m). The local velocity gradient was 
measured for every cell as the answer was congregated 
and the mean, compared by the capacity of the cell, was 
measured. This model was taken as congregated if the 
variance in continuousness, u, v, w, k, and ε between 
successive recapitulations was below 1.01 x 10-5. 

2.1. Analysis  
Before the anaerobic process, wastewater should be 

sufficiently characterized (MNI Siddique, A.Z., 2013). 
Therefore, substrates were analyzed to identify their 
characteristics. The characteristics of the substrates were 
determined at the wastewater processing Lab of 
University Malaysia Terengganu following the standards of 
APHA, 2015 (MNI Siddique, 2018). 
 
RESULTS AND DISCUSSION 

The quantity of gas generated by the CSTR for the 
subsequent HRT after changing the mixing rate was 
weighted with the quantity of gas generated before 
changing of mixing rate. It permitted one HRT after 
changing the mixing rate for the microbes of the CSTR to 
adapt (MNI Siddique, M Munaim, AW Zularisam, 2013b). 
The proportion enhancement or reduction in the per day 
biogas generation was plotted alongside Ḡ, measured by 
CFD models (Figure 2).  

It was observed that the CSTR with 55 rpm that had Ḡ 
of 7.1 s-1 showed an enhancement in biogas generation of 
19 %. For all other situations with 0 rpm, 110 rpm, and 
190 rpm facing a drop of about 17 % and 55 % 
respectively. The result suggested that a lower mixing rate 
and lower Ḡ were desirable to maximize gas generation 
from CSTR. Although it was observed that mixing was 
essential for POME for coming to interaction with 
microbes in a CSTR permitting gas production, the result 
also suggested that there was a threshold beyond which 
more mixing causes a reduction in gas generation. This 
threshold occurred between 7.1 and 9.6 s-1 (Figure 2). 

 
Figure 2:Change in gas volume against G after a 
change in mixing speed of a lab scale digester 

 
It was a distant lower than Ḡ value of 51 – 81 s-1 

reported by the previous study (MNI Siddique, MSA 
Munaim, AW Zularisam, 2013). Nevertheless, it complied 
with the finding of (MNI Siddique, M Munaim, AW 
Zularisam, 2013a) who established that mild mixing 
permitted better biogas generation than fast mixing at 
thermophilic conditions. 

CONCLUSION 
The present work revealed the influence of mixing rate 

in CSTR reactor on gas generation. The present work 
aimed to permit the development of reactor mixing 
operation by taking into account the influence of the 
hydrodynamic atmosphere developed by mixing on the 
microbes, and therefore the biogas generation and 
steadiness, of CSTR. 
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