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Abstract: The study of fermentation kinetic parameters are crucial to understand the environmental factors affect on
biohydrogen production. Kinetic models for hydrogen production from anaerobic digestion of palm oil mill effluent
(POME) by mixed culture were developed based on published work. The models accounted for substrate limitation,
substrate inhibition, hydrogen production, and endogenous decay rate. Data from previous literature were used to
compare four microbial growth kinetic models for hydrogen production in an ASBR system. The estimated values
of the maximum specific growth rate (μm) were found to be 0.371 h-1. In this study, the parameters of Y, kd, and B0

calculated were 2.64 gVSS/gCOD, 0.053 h-1, and 0.133 L H2/gCOD, respectively. The model fitting was found to
be in good agreement with the experimental and can be utilized for the optimization and design of the process.
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1. Introduction
Hydrogen is considered as the primary energy carrier of the future with a high-energy content of 122 kJ g-1, which

is 2.75 times greater than hydrocarbon fuels [1]. In Malaysia, the Ministry of Science, Technology, and Innovation
(MOSTI) have selected to prioritize research on the hydrogen fuel cell. Between 2002 and 2007, MOSTI had funded
US$2 million on hydrogen production and storage technologies, and US$9.7 million from 1995 to 2007 on the national
fuel cell research and development [2, 3]. Dark fermentation has high efficiency of biohydrogen production. The process
is environmentally friendly and feasible to commercialize [4]. Compare to photo fermentation, dark fermentation has
lower operating costs since it does not require the input of light energy. In addition, dark fermentation is competent with
a wide variety of substrates. Since dark fermentation lack oxygen evolution, it has a much stable hydrogen-producing
enzyme [5]. Palm oil mill effluent (POME) is a possible substrate to be used for dark fermentation due to the high
compositions and concentrations of carbohydrates, proteins, nitrogenous compounds, lipids, and minerals [6, 7]. Until

*Corresponding author: jamal@ukm.edu.my
2000 UTHM Publisher. All right reserved.
penerbit.uthm.edu.my/ojs/index.php/ijie

219



Irsyad et al., Int. J. of Integrated Engineering Vol. 11 No. 7 (2019) p. 219-232

220

2011, 55 out of 426 palm oil mills in Malaysia had installed biogas plants [8] and 43.29 million cubic meters per year of
POME were generated during milling process based on calculation from 2.5 m3 raw POME generated [9].

The study of fermentation kinetic parameters is crucial to understand the effect of the environmental factors on
biohydrogen production. The fermentation process of palm oil mill effluent involves the conversion of organic
compounds to liquid organics and biogas, which is relatively complex. Furthermore, kinetic parameters, coupled with the
mathematical model, can be used to predict the substrate utilization, cell concentration, and biohydrogen production rate
during steady-state. This paper aimed to present a kinetic model for the thermophilic POME fermentation in an anaerobic
sequential batch reactor (ASBR) by a mixed culture. The model can be used for understanding the behavior of the
anaerobic digestion under most related environmental conditions for biohydrogen production. The weighted least-squares
parameter estimation method was used to compute the kinetic model parameters from the previous literature data.
Mathematical models base on Monod’s equation accounting for substrate inhibition were developed to predict hydrogen
fermentation.

Nomenclature
B volume of hydrogen produced under STP per

gram of substrate loaded (L H2, STP/g
CODloaded)

B0 volume of hydrogen produced under STP per
gram of substrate loaded at infinite retention
time (L H2, STP/g CODloaded)

dS/dt substrate utilization rate (g/L.h)

dX/dt Microbial growth rate (g/L.h)

D dilution rate (h-1)

H volumetric hydrogen production rate (L
H2/L/h)

K Chen & Hashimoto model dimensionless
kinetic parameter

k’ First-order rate constant (d-1)

kd endogenous decay constant (h-1)

KS Monod model half-saturation constant
(gCOD/L)

M cumulative hydrogen production (mL)

n number of samples

P hydrogen production potential (mL)

Q flow rate (L/d)

R maximum hydrogen production rate (mL/h)

R2 coefficient of determination

S effluent substrate concentration (g/L)

S0 influent substrate concentration (g/L)

V digester working volume (L)

X effluent biomass concentration (g/L)

X0 influent biomass concentration (g/L)

Y growth yield coefficient

θ hydraulic retention time (h)

λ lag-phase time (h)

μ specific microbial growth rate (h-1)

μm maximum specific microbial growth rate (h-1)

 𝑖
 ̂𝑖
 ̅

actual value
predicted value

average of actual value
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2. Process Description
In general, the anaerobic digestion (AD) process is a series of complex reactions that broadly involve 2 groups of

anaerobic or facultative anaerobic microorganisms: acidogens and methanogens. Acidogen focuses on removing the
pollutant by breaking down the organic compounds to volatile fatty acids and CO2 while the methanogen focuses on
converting the acidogens’ products to methane [10]. Both processes can either be run sequentially or simultaneously.
However, the optimum pH level for acidogen and methanogen is different. Thus, by conducting sequentially and
separately, the optimum operating of the AD process can be achieved [11]. The conventional reactors used for anaerobic
digestion of wastewater are a single-stage process or a two-stage process. In the single-stage process, all reactions occur
simultaneously in a single reactor which includes hydrolysis, acidification, and methanogenesis. This system allows
simpler designs that have a smaller investment cost and low maintenance cost due to less frequent technical failures [12,
13]. On the other hand, in the two-stage process, hydrolysis and acidogenesis will first react in the first reactor. Then, in
the second reactor, the produced acids from the first reactor are utilized by the methanogenesis.

POME is known for its complex form causing difficulties for its degradation to short-chain derivatives [14]. In
comparison, a lower reactor volume and higher theoretical yield could be achieved using the two-stage process compared
to the single-stage process. Moreover, at lower hydraulic retention time (HRT) and higher organic loading rate (OLR),
the two-stage system is found to be more stable while the single-phase process could not handle the further decrease in
the HRT and increase in the ORL [15, 16]. HRT, OLR and POME characteristics were found to significantly affect the
AD process [17]. Through energy recovering analysis, the two-stage process showed significant enhancement to the
single-stage by a 3.3-fold increase by comparing both processes' highest energy recoveries. The two-phase process could
also achieve higher hydrogen and methane yield compared to the single-phase process [18]. Negligible differences in the
cost of production were calculated when single CH4 and hythane (mixture of H2 + CH4) production were compared.
However, in terms of the overall production of energy, an increase of 12–25% was observed for the two-stage system
[19].

3. Review of POMEAnaerobic Digestion Kinetics

3.1 Kinetics of Cell Growth and Substrate Utilization
Kinetic models are useful tools for analyzing, designing, and optimizing the fermentation process for hydrogen

production [20]. To date, not much research had been done on the kinetic study of POME anaerobic digestion for
hydrogen production. Mohammadi et al. [21] conducted a kinetic evaluation of biological hydrogen production using
POME as the substrate in a modified up-flow anaerobic sludge blanket fixed film (UASB-FF) reactor. They found that
the Monod model that follows the Line Weavear-Burk equation was suitable for computation and analysis of the kinetic
parameters of substrate inhibition and cell carrying capacity in their reactor system.

Banik et al. [22] found that ASBR kinetics at 5°C did not follow the Monod model as well where the value of K(T)
and µm were also negative. Similarly, Ma et al. [23] found that the Monod equation gives a weak correlation with
experimental data due to the limitation of the Monod model being independent of the influent substrate concentration
(S0). They also noted that the digester performance is affected by organic loading. Dinopoulou et al. [24] also found that
the Monod equation failed to represent the acidogenic bacteria growth in their continuous stirred tank reactor (CSTR)
system. In this study, First-order, Monod, Grau, and Chen & Hashimoto model study for kinetic evaluation. Monod study
was still considered in this study for comparison with the other three models.

3.2 Kinetics of Product Formation
The most common kinetic model for product formation is the modified Gompertz equation. This model can be used

to model the cumulative hydrogen production (M), hydrogen production potential (P), hydrogen production rate (R), and
lag phase (λ) for a cumulative biogas production time (t) as follow:

.
𝑀 ൌ  .    ሼെ   ሾ

𝐻
ሺ െ ሻ ൅ 1ሿሽ (1)

The assessment of hydrogen production performance was based on the hydrogen yield as well as the volumetric
hydrogen production rate (VHPR) as the major performance indexes. The yield was defined as mol of hydrogen produced
per mol of substrate utilized. The kinetic constant computed from the modified Gompertz equation (Eq. (1)) determined
the volumetric hydrogen production rate.

By minimizing the sum square of errors (SSE), the modified Gompertz equation with help from various choices of
statistical software can be used to estimate these parameters between experimental data and estimation from the models.
Studies show that the modified Gompertz equation could well match the fermentative hydrogen production from POME
with a regression coefficient higher than 0.9. Research on the inhibitions effect on hydrogen production from POME by
AD has been presented by several researchers. Table 1 shows the summary of estimated parameters using the Gompertz
equation for hydrogen production from the AD of POME.
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P
(m

R
(mL/L/

λ
(

Working volume /
Total volume

123 9 1 25mL/50mL
216
0

2
6

1 25mL/50mL

197
0

2
2

1 25mL/50mL

208
4

2
6

2 25mL/50mL

158
3

5
3

4 25mL/50mL

170
5

1
9

17 25mL/50mL

186
8

1
3

17 25mL/50mL

219
3

1
2

20 25mL/50mL

962 1
1

6 1L/
2L

132
1

1
4
4

7 1L/
2L

Table 1: Estimated parameters of the Gompertz equation for hydrogen production from POME anaerobic
digestion

Parameter

pH

5
5.5

6

Reference

Sucrose concentration
(mM)

6.5

13

23

33

[25]

43

pH controller

Initial pH

Controlled
pH

[26]

However, the modified Gompertz equation is more suitable for modeling a batch system where the performance of
the system is based on cumulative hydrogen production per operation time that follows the sigmoidal shape. For a semi-
batch system such as ASBR, the performance of the system is based on the hydrogen production rate at a steady-state per
different dilution rate. Therefore mathematical modeling based on mass balance is more suitable for modeling product
formation in a continuous system.

4. Kinetic Model Parameters
Two different approaches are usually used to study the fermentation of complex substrate fermentation. These

substrates include municipal, industrial, and residues from animals. The first approach is to evaluate the kinetic
parameters by finding the rate-limiting substrate. The second approach is to represent the substrate concentration through
the concentration of volatile solids (VS) and chemical oxygen demand (COD). Even though the latter approach is
convenient in evaluating the overall process performance, it is challenging to use VS or COD as a gross substrate. In
addition, not all portion of VS or COD is available to the substrate and microbes [27]. In this study, total carbohydrate
(TC) in the reactor is used as the rate-limiting substrate. For a steady-state behavior system, the kinetic model based on
material balance was developed for the process component of the hydrogen-producing bioreactor. These estimated kinetic
parameters are essential in predicting the industrial-scale bioreactor performance. These parameters include cell yield
coefficient (Y), endogenous decay coefficient (kd), maximum specific growth rate (µm) and half velocity constant (KS)

4.1 Yield Coefficient, Y, and Endogenous Decay Coefficient, kd
The micro-organisms will metabolize their own protoplasm (autodigestion) when the substrate concentration in the

wastewater is at its minimum. Furthermore, the death of some cells causes a decrease in biomass concentration in the
reactor. This phenomenon can be described by a coefficient known as endogenous decay, kd. The endogenous decay
coefficient accounts for the loss in cell mass. The causes of losses are due to predation by higher food chain organisms,
death of cells, and energy requirement for cell maintenance through oxidation of internal storage products. The net
amount of sludge to be handled can be estimated by utilizing the endogenous decay coefficient [28] while the total amount
of sludge produced through wastewater treatment can be estimated by the cell yield coefficient [29].

4.2 Maximum Specific Growth Rate, µm, and Half Velocity Constant, KS

Maximum specific growth rate, μm is used for determining the volume of biological reactors. The size of the reactor
is getting smaller, as μm becomes greater [28]. KS, on the other hand, has no direct application in designing the process.
It only gives an idea of the relationship between the concentrations of the growth-limiting substrate to the growth rate of
bacteria. [29]. Fdez-Güelfo et al. found that the value of KS may be associated with the ability of microorganisms to
degrade the substrate present in the waste to produce hydrogen. [30].
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4.3 The Volume of Hydrogen Produced Under Standard Condition Per Gram of Substrate
Loaded at Infinite Retention Time (LH2, STP/gCODloaded), B0

B0 is defined as the final attainable hydrogen production per g of the total carbohydrate of the given substrate. The
value of B0 varies with temperature and type of substrate and manure. It was found that the value of B0 depends on the
age of the manure, species, collection and storage, ration, and bedding material [23, 27].

5. Materials and Methods

5.1 Acquisition of Data
Data for kinetic analysis of POME anaerobic digestion in ASBR were acquired form the work of Maarof et al. [31].

Maarof et al. studied the effect of HRT and its relationship with the sugar consumption and solid retention time in a
thermophilic temperature (55°C) using a mixed culture at pH 5.5 in an anaerobic sequential batch reactor (ASBR).
Prediction of hydrogen production using the kinetic model was derived using data from digester operating at steady-state
duration. Table 2 shows a summary of the work done by Maarof et al. [31]. Maarof et al. found that HRT 12 hours give
the highest hydrogen yield while decreasing the HRT further to 6 hours reduce the hydrogen yield due to the washout of
biomass.

5.2 Development of Kinetic Model [23]
Monod, First order, Grau, and Chen & Hashimoto model were studied to choose the suitable model to fit the

microbial growth kinetics of POME AD, as shown in Table 3. The relation between the concentrations of substrate (S)
and specific microbial growth rate (µ) is a valuable tool in biotechnology.

Table 2: Summary of work done by Maarof et al. [31]

HRT (h)

Characteristics 4 2 1 1 6

Hydrogen Yield (mol

H2/molsugar) Soluble metabolic

0.
38

1.02 2.
01

2.99 2.62

Acetic acid 5. 4.82 4. 2.80 4.31

Butyric acid 10 8.15 13.80 14.81 0.68

Propionic acid 0.
43

0.79 0.
75

0.87 0.70

Ethanol 3.97 4.08 4.49 4.73 3.21

Table 3: Kinetic models used in this study

𝑆 0 0 0

 𝑑 𝑑 𝑑  

 𝑑 𝑑

5.3 First-order Model
The first-order kinetic model [32] states that the rate of a substrate with varied substrate concentration in a reactor

with respect to time can be expressed by using a mass balance equation as follows:
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K

  
െ ሺ ሻ ൌ ሺ

  𝑉
ሻ െ ሺ

𝑉
ሻ 0 െ (2)

Under the steady-state condition, the rate of substrate concentration is negligible, which reduces Eq. (2) to:

    ൌ
െ  

െ  𝑑 (3)

Generally, it is believed that the batch culture growth rate during the exponential phase follows the first-order kinetic
model, where the growth rate is proportional to the number of microbes in the system.

5.4 Monod Model
Monod model [33] is proposed by the theory that substrate concentration around microorganisms is also significantly

considered in the evaluation of the kinetic parameter. Monod’s model defines two parameters, the maximum specific
growth rate (µm), and the substrate affinity constant (Ks) to relate the microbial growth rate to the concentration of a
single growth-limiting substrate as follows:

μm S

5.5 Chen and Hashimoto Model

μ ൌ
S ൅ S

െ kd (4)

Chen et al. [27] developed a kinetic model on substrate utilization based on the Contois model. The kinetic model
has been mostly applied in many research, particularly in studies on AD of high strength wastes [34, 35]. Chen and
Hashimoto's models suggested that the predicted permeate COD concentration (S) is a function of influence COD
concentration (S0). However, in the Monod model, the permeate COD concentration, S is independent of S0.

   

5.6 Grau Model

 ൌ
 � 0 ൅ ሺ1 െ � ሻ

 

െ 𝑑 (5)

Grau et al. [36] developed a model to determine the removal of a multicomponent substrate by activated sludge. This
model was expanded in the basic concept of linear removal of the special case of the Monod model. In this model, the
reaction order was analogous to the order of chemical reaction with a constant rate that is not limited to integers [36].

   ൌ

5.7 Microbial Growth Mass Balance

െ 𝑑 (6)
0

The microbial growth mass balance can be given as follows:

  
𝑉

  
ൌ   0 െ   ൅ ሺ  ሻ𝑉 (7)

At steady state, the term dX/dt ൌ 0. Thus, eq. (7) become:

 1
ൌ ൌ ൌ

𝑉 𝜃
(8)

The maximum growth rate indicates the minimum retention time when the microbial washout occurs.

5.8 Determination of Yield Coefficient, Y, and Endogenous Decay Coefficient, kd
From a mass balance of cell concentration (X) and substrate concentration (S) at steady state, Y and kd can be found

by using the following equation [37]:
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𝑂 െ
ൌ

1
൅

1 𝑑 (9)
    

By plotting a graph of 1/D and (S0-S)/X along the x-axis and y-axis respectively, the intercept of the y-axis
was used to find the yield coefficient, while the slope of the line was used to find kd.

5.9 Estimation of Volumetric Hydrogen Production Rate
The rate-limiting substrate approach was used for the kinetic evaluation study of hydrogen fermentation of complex

substrate. If B denotes the volume of hydrogen produced at STP per gram of substrate loaded to the digester, and B0 is
the volume of hydrogen produced at STP per gram of substrate loaded at infinite retention time, then the biodegradable
substrate in the digester will be directly proportional to B0-B, and B0 will be directly proportional to the biodegradable
substrate loading. This method was applied from the work of Chen and Hashimoto [27] for the prediction of methane
production rate. Thus, the relationship can be derived as follows:

ൌ 0 െ

0 0
(10)

Eq. (10) can be rearranged to give:

0 െ
ൌ 0 ሺ

0
ሻ (3)

The volumetric hydrogen production rate is the product of B and OLR, which gives:

  0𝐻 ൌ (4)
𝜃

Combining Eq. (11) with Eq. (12), the volumetric hydrogen production rate can be expressed as:

 0𝐻 ൌ
𝜃

ሺ 0 െ ሻ (5)

5.9.1 Determination of Volume of Hydrogen Produced under Standard Condition per Gram
of Substrate Loaded at Infinite Retention Time (L H2, STP/g CODLoaded), B0

The value of B0 can be derived from the mass balance of substrate consumption as:

dS ′𝑉
dt

ൌ   0െ  ൅ ሺെ  ሻ𝑉 (6)

At steady state, dS/dt ൌ 0. Thus, the above equation can be simplified as:

ൌ 0

� ′ ൅ 1
(7)

Substituting Eq. (15) into Eq. (13) and rearranging yields:

0 ൌ
𝜃

൅
1

(8)
𝐻 0 0

′

By plotting a graph of HRT versus S0/H, the value of B0 for AD of POME used in this study was determined.

5.10 Assessment of models performance
The coefficient of determination or R-squared (R2) is the common method in assessing the accuracy of a model. The

R2 method measures the relationship between two variables as follow:
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Where  𝑖 ,  ̂𝑖 and  ̅ are actual value, predicted value, and the average of actual value respectively. However, the R2 method
assumes a linear relationship between the variables, thus, it can be inaccurate when fitting the model in this study. Root
mean squared error (RMSE), relative squared error (RSE), mean absolute error (MAE), and relative absolute error (RAE)
are used as the indicator in assessing the models.

∑ ሺ 𝑖 െ  ̂𝑖ሻ2
 𝑀  ൌ √ 𝑖 ൌ1 (21)
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 �
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6. Result and Discussion

6.1 Kinetic Model Evaluation
The aforementioned models; Monod, First-order, Chen and Hashimoto and Grau models were used to determine the

most suitable model for the hydrogen production kinetic from POME in an ASBR digester. Table 4 shows the kinetic
parameters value while Table 5 shows the fitting accuracy of each model. In terms of fitting the kinetic data set, it is
found that the Grau model gives the lowest SSE, RMSE, RSE, MAE, and RAE compared to other models. Thus, the
Grau model's ability to simulate the hydrogen production rate was further evaluated. Even though the Monod equation is
the most common kinetic model used, it was found that the kinetic model of POME anaerobic digestion at thermophilic
(55°C) conditions in ASBR did not give a realistic value of KS and µm (negative value). By definition of Monod kinetic
parameters, Ks should be half-saturation of the Monod model while µm is the maximum dilution rate of the process. The
Monod model was considered in this study for comparison.

Table 4: Kinetic parameters value

Model Kinetic parameters
First-order µm = 0.434 h-1
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Monod µm = -0.434 h-1

Ks = -31.916 gCOD-

C&H µm = 0.873 h-1

K = 3.010
Grau µm = 0.371 h-1
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1/
Y
xs

Table 5: Kinetic parameters and fitting accuracy comparison.

Model SS RMSE RS MAE RAE

First-order 0.0120 0.0491 0.7025 0.0385 5.509

Monod 0.0073 0.0382 0.4260 0.0324 4.089

C&H 0.0115 0.0479 0.6689 0.0374 5.373

Grau 0.0055 0.0333 0.3225 0.0298 3.8212

The biomass yield, Y and endogenous decay coefficient, kd were determined by using Eq. (9) as shown in Figure 1.
According to Figure 1, intercept-y equal to 1/Y and slope equal to kd/Y. The kinetic parameters Y and kd from this study
were determined as 2.64 gVSS/gCOD and 0.0531 h-1, respectively. B0 of POME was determined by plotting the value of
HRT versus S0/H according to Eq. (8). The value of B0 was determined as 0.24 L H2, STP/gCODloaded from the slope of the
curve.

1.0

0.9

y = 0.0214x + 0.4032
R² = 0.9367

0.8

0.7

0.6

0.5

0.4
5 10 15 20 25

1/D (h)

Figure 1 - Determination of yield coefficient (Y) and endogenous decay coefficient (kd)

The kinetic parameters using the Grau model were determined from the plot of S0/S versus 1/(µ+kd). From Figure 2,
the slope is equal to 1/μm. Thus, the maximum specific growth rate, μm is 0.371 h-1. The maximum specific growth rate
calculated in this study is larger compared to the value found by Mohammadi et al. [21]. They found that the μm is equal
to 0.013 h-1 (0.313 day-1). This could be due to the difference in temperature where the data used in this paper is from the
thermophilic system (55°C) while Mohammadi et al. used data from the mesophilic system (38°C).

Figure 3 and Figure 4 show the simulated profile of the volumetric hydrogen production rate for the Grau model
alone and compared with other models, respectively. Base on the model, it was estimated that the highest hydrogen
production rate could be achieved at HRT around 6-8 hours. However, operation at this HRT is not achievable due to the
limitation of the ASBR system. Lin et al. [38] found that the ASBR reactor failed to produce gas at HRT of 4 hours due
to the fact that at shorter HRT, the washout of biomass occurs. Lower hydrogen production at a shorter HRT (6 hours)
could result from a shift in the metabolic pathway [39, 40]. On the contrary, Kumar et al. [41] found that 2 days (24
hours) HRT gives the best performance of ASBR for digestion of de-oiled jatropha waste with minimum HRT being 1.5
days (36 hours) where the hydrogen production drop. Badiei et al. [42], found that the highest hydrogen production rate
was achieved at HRT 72 hours using diluted POME as a substrate in an ASBR system with minimum HRT of 36 hours.
They found that the highest production at HRT 72 hours compared to HRT 36 hours probably due to the existence of
appropriate condition to activate spore formed bacteria and recover hydrogen-producing bacterial population while at
HRT 36 hours, severe washout of sludge occurs in the effluent discharge, dropping the hydrogen production to zero.
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Figure 3 - Change of volumetric hydrogen production rate against HRT ( ) hydrogen production rate (-)
simulated profile of the Grau model.

The biodegradable treatment efficiency (E) of the treatment system, which is defined as the percent of biodegradable
substrate utilization of the influent stream through the treatment can be expressed in terms of kinetic parameters (in a
dimensionless form) [43]. Figure 5 shows the effluent substrate concentration (S) and the total substrate utilization
predicted by using the Grau model. The model can successfully predict the effluent sugar concentration with R2 of 0.97.
However, the model developed in this study failed to predict the parameters for 48 days HRT. This is because, in the
long-term operation, ASBR operation was not stable due to the inconsistent pH in the fermentation media. Furthermore,
the accumulation of acetic acid and butyric acid in the fermentation media may also inhibit the production of hydrogen
[44]. Bediei et al. [45] also found that in their study, HRT strongly affects the bacterial community, and the primary
metabolite of hydrogen fermentation was butyrate. Thus, the microbial community in the reactor could be considered as
a function of the productivity of hydrogen.

Table 6 shows the kinetic parameters obtained for influent total carbohydrate concentration of 20g/L used in this
study as compared to those reported by other studies. Compared to the mesophilic system[21, 46], this study shows a
higher endogenous day rate and a higher maximum specific growth rate. This shows that the thermophilic system has
higher losses in cell mass and can operate at much lower HRT compared to the mesophilic system. This study, however,
shows a lower maximum specific growth rate compared to the mesophilic dynamic membrane biofilm reactor (DMBR).
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The higher value would result from different populations of microbial in the DMBR system that can operate at much
lower HRT.
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Figure 4 - Comparison of the First-order, Monod, Grau and Chen & Hashimoto kinetic model
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Table 6: Kinetic parameters comparison for biohydrogen production from POMEAD

React
or

Sludg
e

Substrat
e

S0
(g/L)

Y
(g/g)

kd (d-
1)

Ks
(g/L)

μm (h-1)
Coeffici

ent
Referenc
e

ASBR Mixe
d

POME 2
0

2 0.053
1

- 0.371 COD This
d

UAS
B-

Mixe
d

POME 1
5

0 0.004
3

9.040 0.013 COD [17]

CSTR Mixe
d

Sucrose 2 0 - 0.068 0.172 COD [46]

DMB
R

Mixe
d

Glucos 1
5

- - 1.020 0.622 COD [47]





Irsyad et al., Int. J. of Integrated Engineering Vol. 11 No. 7 (2019) p. 1-4

230

7. Conclusion
The computations of kinetic parameters for first-order, Monod, Grau, and Chen & Hashimoto model were performed

using the substrate concentration, volatile suspended solids, and volumetric hydrogen production rate of actual
laboratory-scale ASBR reactor operated at steady-state. Among the tested model, the Grau model simulates the
experimental data well with the lowest SSE, RMSE, RSE, MAE, and RAE compare to other models. Even though the
Monod model gives a close estimation to the Grau model, the kinetic parameter calculated was not realistic (negative
value). Grau model shows that the composition of POME has a substantial impact on the kinetics parameters of the AD
process. The computed kinetic parameters of the Grau model are useful for hydrogen generation model validation. This
model can be used for the optimization and prediction of volumetric hydrogen production rate as well as substrate
utilization in the final effluent of POME anaerobic digestion.
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