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It is challenging to manage the organic fraction of municipal solid waste (OFMSW)
because it is putrescible. OFMSW is dominated by food waste, and food waste is easily
degradable and causes unpleasant odor at the landfill. Anaerobic digestion was preferable
for food waste stabilization. However, the methane production of food waste was low.
This research aims to analyze the methane yield and its kinetics from the digestion of
thermally treated food waste. In preparing the thermally treated food waste, the water
bath at 50<C was used and operated for two hours. The biochemical methane potential
(BMP) was conducted in a batch reactor. The reactor was operated at a mesophilic
temperature at inoculum to substrate ratio of 2.0. The results showed that the ultimate
methane yield of thermally treated food waste increased with 630 mL CHa4/g VS higher
than untreated food waste. The thermal pre-treatment improved the methane production
rate with an increment of 9.8%. Besides, kinetic parameters observed from Modified
Gompertz modeling were found lesser than laboratory observation. Despite that, thermal

pre-treatment at 50 <C significantly improved the digestion of food waste.

1. INTRODUCTION

Annually, over 1300 million tonnes of solid waste generated
worldwide, and this amount is projected to be increased
twofold with an estimation of 46% organic contents by 2025
[1]. According to Campuzano et al. [2] in North America,
OFMSW is a mixture of food, garden waste, and paper waste.
OFMSW in Malaysia included food waste, yard waste,
containers and packaging, durable and non-durable goods, and
various inorganic wastes [3]. Various components and
production of OFMSW are mostly influenced by the
population and their lifestyle, climate, and geographic area
beside the waste management system [4].

Anaerobic digestion does not pollute the environment as the
by-product can be transformed into something that can be
benefited compared to traditional waste treatment methods [2].
According to Svensson et al. [5], Li etal. [6] and Fan et al. [7],
the end product of anaerobic digestion process which is
methane gas can be used as renewable energy and the digestate
produced can be utilized for agricultural purposed. There are
four stages in the anaerobic digestion processes, including
hydrolysis, acidogenesis, acetogenesis, and methanogenesis.
Different microorganisms with different capabilities worked
on digesting organic waste at each step [8].

To improved methane production, the utilization of pre-
treatment was applied before the anaerobic digestion process.
Pre-treatment is a method to enhance the substrate
characteristics, subsequently improves the methane yield from
the anaerobic digestion [9]. Pre-treatment can be done either
by mechanical, thermal, chemical, biological, or combined
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methods [7]. Nevertheless, each pre-treatment method may
result differently depends on the technique itself, and the
features of the substrate used [10].

Thermal pre-treatment is the simplest and most researched
method that has already been implemented incompletely [11].
According to Wang et al. [12], thermal pre-treatment is
recognized as an assuring technique for improving the
characteristics of food waste due to the solubilization of
organic particles and the promotion of methane production. It
has been demonstrated that thermal pre-treatment produces
more biogas than untreated food waste. Temperature is a
crucial component of enhancing biogas manufacturing in
thermal pre-treatment. Mild temperatures can achieve higher
solubilization but need more prolonged treatment times.
However, because of the creation of complicated polymers
such as melanoidins, too elevated temperatures will slow the
manufacturing of biogas [11]. According to Ariunbaatar et al.
[13], approximately 200ml CH4/g VS differed in ultimate
methane yield between untreated FW and thermally treated
FW at 50 C. Higher methane yield from thermally treated food
waste is due to the faster degradation of the organic particles
[14].

Anaerobic digestion of thermally treated food waste
improved the characteristics of food waste, which eventually
increased the methane yield and methane production [15].
Gandhi et al. [16] observed that the concentration of protein
and carbohydrates after thermal pre-treatment is increasing
linearly with temperature. Thermal pre-treatment will result in
a higher total solid and volatile solid, as observed by
Pagliaccia et al. [17]. According to Jin et al. [18], the thermal


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.150316&domain=pdf

pre-treatment resulted in a decrease in pH. However, a mild
temperature was decreased pH slightly [16] A mild
temperatures of 50 to 90 <C were recommended [13, 16]

Kinetics study for anaerobic digestion is a must to predict
the performance of digesters necessary for designing
appropriate digesters [19]. Kinetic studies have been done to
fit the cumulative methane yield data obtained from the
anaerobic digestion. Modified Gompertz Model is one of the
appropriate methods for estimating the anaerobic digestion
biogas and methane production [19]. According to Gandhi et
al. [16], the kinetic parameters of the laboratory result shall
have a small percentage difference from the Modified
Gompertz Model, usually less than 10% difference.

The study on the impact of thermal pre-treatment on food
waste generated in Malaysia is quite limited. Therefore, this
study was initiate to obtain a comprehensive understanding of
the anaerobic digestion of food waste generated in Malaysia,
including the effect of mild thermal pre-treatment on the food
waste characteristics, the methane yield, and the methane
production kinetics as well.

2. METHODOLOGY

2.1 Substrates

Food wastes (FW) were directly collected from a cafeteria.
Impurities such as plastics and big bones were manually
removed from the FW [6]. The FW then was diluted with tap
water with ratio food waste: tap water of 1: 2, respectively, to
form food waste slurry [20]. For homogenizing the sample, the
kitchen blender is used. The samples were stores in the
refrigerator at 4<C before the use [21].

2.2 Inoculum

The inoculum was taken from the full-scale anaerobic
digester treating POME. The sample from the plant was stored
in plastic containers and retained at 4<C to prevent
biodegradation. Before each test, the sludge first needs to be
taken out from the refrigerator and remain at room temperature
[22, 23].

2.3 Preparation of thermally treated food waste

The water bath was used for the preparation of thermal
pretreated FW. FW was placed inside the beaker and directly
placed in the water bath at 50<C for 2 hours. After 2 hours, the
sample was left to be cold at room temperature before use for
the biochemical methane potential test [16].

2.4 Anaerobic digestion experiment set up and procedure

Following precedent studies by Li et al. [6], Qin et al. [24],
Yu et al. [25] and Seswaya et al. [26] the batch biochemical
methane potential (BMP) test was conducted by Automatic
Methane Potential System (AMPTS 1) as illustrated in Figure
1. BMP test is done with a triplicate sample reactor and a
duplicate reactor. The blank reactor purposely prepared to
measure methane production from the inoculum itself [27].
This batch study carried out with 500ml digester with the total
mass of inoculum and substrate of 400gram [28]. The
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inoculum to substrate (1/S) ratio of 2 was selected [11, 13]. The
mass of the substrate and inoculum in the reactor was
calculated accordingly to VS (in %) [26]. Then, the anaerobic
environment was created by purging the pure nitrogen gas for
two minutes [21]. Consistently, reactors were remained at
mesophilic temperature (35 two <C) and were automatically
stirred at 90 rpm for 10s every 1 min [16].

Figure 1. Automatic Methane Potential (AMPTS II)

2.5 Analytical methods

The results from the triplicate were reported, referred to as
the mean value. The summary of all the experimented methods,
as shown in Table 1.

Table 1. The experimental method for the analytical method

Parameter Method of Measurement Reference
Total Solids (TS) Section 2540G (APHA 2005) [13]
Vo'at('\'fsio“ds Section 2540G (APHA 2005 [13]
pH APHA 2005 [29]
- Standard method 2320B by APHA
Alkalinity (2005) [21]
Chemical
Oxygen Demand Hach™ 2011 procedure method 8000  [13]
(COD)
Carbohydrate Phenol Sulphuric Acid Method [13]
Protein Lowry method [16]

2.6 Modified Gompertz Model

The Modified Gompertz modeling (Eq. (1)) was adopted to
describe the Kkinetics of methane production over anaerobic
digestion test [16].

Rm.e 0
M,

M = Mo.exlp{— exp[ (A—t)+1]}

where,

M = the cumulative methane yield at time t (mL/g VS added)

M, = the methane potential maximum production (mL/g VS
added)

Rmax = the maximum methane production rate (mL/g VS-
d)

A = lag phase (d)

t = duration of the assay (d)

e=exp (1) =2.7183



3. RESULTS AND DISCUSSIONS

3.1 Characteristic of untreated food waste (FW), thermally
treated food waste (FW50) and inoculum

The characteristics of untreated food waste (FW), thermally
treated food waste at 50C (FW50) and inoculum were
tabulated in Table 2. The pH for FW and FW50 remained in a
neutral range of 7.2 and 7.3, respectively. However, Gandhi et

al. [16] reported the decreasing pH upon thermal pre-treatment.

Saragih et al. [15] observed almost similar observations. The
FW has lower TS and VS concentration compared to FW50.
These results are coinciding with data published by Ma et al.
[30]. Besides, the alkalinity for FW and FW50 was less than
300 mg/L as CaCOs. Oliveira et al. [31] also observed
alkalinity lesser than 300 mg/L as CaCOs from food waste.
This study recorded total chemical oxygen demand (TCOD)
of FW50 higher compared to FW, which is corresponding with
reported by Seyed Abbas et al. [32]. Ding et al. [33] also found
the significant effects of thermal pre-treatment, particularly on
TS, VS, and TCOD. However, the FW and FW50 contain a
higher concentration of carbohydrates compare to the protein
content. Ariunbaatar et al. [11] also observed the similarities.

The inoculum used is active anaerobic biomass originates
from a full-scale anaerobic digester. It contained all the
required microbes necessary for the anaerobic digestion
process. The inoculum used in this study has a pH of 8.7.
According to De Vrieze et al. [34], inoculum taken full-scale
digester has various pH, ranging from 8.0 to 9.0. Chen et al.
[35] stated that the alkalinity of inoculum from the full-scale
digester is 980 50 mg/l as CaCOs, which is higher than
inoculum used in this study which was only 758.33 +11.79
mg/l as CaCQOs. Protein content in the inoculum is higher than
the carbohydrate content, and this is similar to the result from
Ariunbaatar etal. [11]. The VS/TS of the inoculum used in this
study is 0.53. Other researchers reported that the inoculum
from a full-scale anaerobic digester having VS/TS of 0.47 to
0.63 [13, 36].

Table 2. Characteristics of FW, FW50, and inoculum (N=3)

Characteristics FW FW50 Inoculum
pH 7.2 7.3 8.7
Total Solid (TS) (g/l) 192'2 * 20?'5? *  208+15
. . 1440 = 1999 +
Volatile Solid (VS) (g/l) 673 534 111411
Total Alkalinity 250.0+  250.0 + 758.3+
(mgCaCOs/l) 117.9 117.9 11.8
Total Chemical Oxygen 1399 + 16533+ 798.0
Demand (g/l) 3.6 15 '
277.2 = 277.9 = 279.7 =
Total Carbohydrate (g/l) 01 01 01
. 1143 = 1140 =
Total Protein (g/l) 04 01 94.9 #0.1

3.2 Methane accumulation

The net methane accumulations were determined by the
result from the subtracting of methane accumulation of the
sample reactor and the blank reactor. The blank reactor was
done during the BMP test is to act as a controlled subject in
which the product will be represented as the volume of
methane production solely from the inoculum individually
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[13]. Figures 2(a) and 2(b) illustrated the methane
accumulation of FW and FW50, respectively. The net methane
accumulation of 610.8 mL was observed from FW starting
from day 15. Meanwhile, the 676.1mL of pure methane was
seen from FW50 starting from day 17.
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Figure 2. Methane accumulation graph for 20 days
3.3 Ultimate methane yield

The methane yield observed from FW, and FW50 digestion
was shown in Table 3, respectively. From the calculation, the
ultimate methane yield for FW and FW50 was 1033.6
mLCH4/gVS and 1657.8 mLCH./gVS, respectively. Previous
researchers found the ultimate methane yield for FW and
FWH50 falls in the range of 200 — 900 mLCH./gVS and 350-
1200 mLCH./gVS, respectively [13, 16, 34, 37]. However,
Seswoya et al. [26] showed that the ultimate methane yield for
FW was exceeded 1000 CH4/gVS. The type of inoculum used
and the different food waste feed were factors affecting the
methane yield [38]. Ariunbaatar et al. [13] showed the
difference of ultimate methane yield between FW and FW50
was approximate 200 mLCH4/gVS. Meanwhile, in this study,
the difference between the ultimate methane yield between
FW and FW50 was 624.2 mLCH./gVS. Besides, Gandhi et al.
[16] found that the ultimate methane yield for FW50 was
higher as compared to FW.



Table 3. Methane yield of FW and FW5 (mMLCH4/gVS)

Days FW FW50 Days FW FW50
0 0.0 0.0 11 10024 16049
1 408.5 452.8 12 10182 16203
2 668.2 836.1 13 10253  1634.1
3 799.0 1088.9 14 10314 16466
4 855.9 1268.8 15 10353  1656.4
5 903.5 1426.8 16 10339  1657.8
6 945.2 1511.6 17 1033.6  1657.8
7 962.3 1544.3 18 10336  1657.8
8 965.8 1563.7 19 1033.6  1657.8
9 971.8 1579.7 20 1033.6  1657.8
10 og76 15041 |

3.4 Modified Gompertz Model (GM)

Table 4 summarized the Kinetics parameter from the
digestion of FW and FW50. The values of the kinetics
parameters from modeling are less than what was calculated
from laboratory work, found from the digestion of FW and
FWH50, respectively. The percentage difference of ultimate
methane yield between laboratory results and modeling results
is around 4%. Gandhi et al. [16] also observed about 6%
difference between laboratory results and modeling results. In
contrast, the kinetics parameters from modeling for FW50
were higher than FW. However, as expected, the ultimate
methane yield and methane production rate were improved
significantly due to the thermal pre-treatment at 50<C. The
methane production rate from laboratory work for FW and
FW50 is 408.475 mLCH4VS/day and 452.759
mLCH./VS/day, respectively. The improved methane
production rate for FW50 was due to the higher presence of
soluble organic as a result of the thermal pretreatment [16].

Table 4. Kinetic parameter for digestion of FW and FW50

Kinetic Modified
Laboratory
parameters Gompertz
Sample Fw FW50 FwW FW50
Ultimate
methane yield 1033.64 1657.84  993.40 1616.46
(mLCHa4/gVS)
Methane
production rate 408.47 452.76 361.63 410.13
(mLCH.4/gVSs/d)
A (day) 0.04 0.04 0.00 0.00

4. CONCLUSIONS

Thermally pre-treatment at 50<C improved the food waste
characteristics particulars on solids and chemical oxygen
demand (COD). Subsequently, it showed better
biodegradability. The sludge from a full-scale anaerobic
digester treating POME had similarities with other sludges
taken from a full-scale anaerobic digester. From the BMP
assay, the net methane accumulation, methane production rate,
and ultimate methane yield for FW50 were recorded higher
from the FW as expected. The lag phase smaller than one day
indicated that there was no acclimatization period. The
ultimate methane yield for FW and FW50 exceeded 1000 mL
CH4/gVS. However, the ultimate methane yield for FW50 was
higher than FW with a difference of 624.2 mLCH4/gVS. The
kinetic parameters for both FW and FW50 obtained from
Modified Gompertz modeling were lesser as compared to the
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laboratory observation.
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