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Abstract: The objective of this study was to characterize biogas production performance from the
co-digestion of food waste and domestic wastewater under mesophilic (35 ± 1 ◦ C) and thermophilic
(55 ± 1 ◦ C) conditions. The food waste used as a co-substrate in this study was collected from a main
canteen at the Hatyai campus of Prince of Songkla University, Songkhla Province, Thailand. The
optimum co-digestion ratio and temperature conditions in a batch experiment were selected for a
semi-continuous experiment. Organic loading rates (OLRs) of 0.66, 0.33, and 0.22 g volatile solid
(VS) L−1 d−1 were investigated in a semi-continuous experiment by continuously stirring a tank
reactor (CSTR) for biogas production. The highest biomethane potential (BMP, 0.78 ml CH4 mg−1 VS
removal) was achieved with a ratio of food waste to domestic wastewater of 10:90 w/v at a mesophilic
temperature. An OLR of 0.22 g VS L−1 d−1 of co-digestion yielded positive biogas production and
organic removal. The findings of this study illustrate how biogas production can be used for operating
feed conditions and control for anaerobic co-digestion of domestic wastewater and food waste from a
university canteen.
Keywords: anaerobic co-digestion; municipal wastewater; canteen food waste; organic loading
rate; temperature

1. Introduction
Food waste constitutes the dominant fraction of putrescible organic material in municipal solid
waste. When buried in a landfill, food waste decomposes to form methane, a greenhouse gas with
a global warming potential 25 times greater than CO2 on a 100-year time scale [1]. According to a
report by Ariunbaatar et al. [2], food waste generation will increase 44% globally by 2025. Specifically,
food waste volume in urban communities in Thailand for the period 2010–2013 was high, accounting
for 41.95–44.99% of the total solid waste volume [3]. Currently, a suitable approach for food waste
management in developed and developing countries is necessary to cope with the high volume of
food waste generation [4]. Panyaping and Moontee [5] have mentioned that food waste from the
Rajamangala University of Technology Lanna (RMUTL) in Thailand accounts for 21% of total solid
waste. There have been some reduction approaches, but it is still an expensive issue for the university.
Thus, research into biogas for energy production was conducted to solve the problem of food waste
management at RMUTL. The application of anaerobic digestion for waste management has attracted
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much interest. One reason is due to the benefit of an on-site energy offset through biogas utilization,
since this technology can maximize recycling and recovery of waste components. It is also frequently
the most cost-effective waste management system due to the high energy recovery linked to the process
and the limited environmental impact [6].
Although anaerobic digestion of food waste has been used for biogas production in the past,
the excessive amount of organic acids produced may strongly inhibit anaerobic bacteria at high
organic loading rates (OLRs). Food waste is high in organic matter and nutrients and can be used as
a feedstock for producing various high-value products [7]. Recent studies have demonstrated that
anaerobic co-digestion of food waste is a feasible and economically viable approach to improving
energy recovery [8]. Co-digestion of food waste with other wastes has also been suggested and
studied [9]. Keucken et al. [10] have mentioned that local substrate availability and transportation costs
constrain options for co-substrate selection for biogas production with food waste. One co-substrate of
interest is domestic wastewater due to its availability and characteristics [11]. Wastewater has the same
original source as food waste, that is, from households. A study from Chan et al. [12] revealed the high
potential of anaerobic co-digestion of canteen food waste and domestic wastewater with OLRs at 3
and 4.5 g chemical oxygen demand (COD) L−1 d−1 , resulting in a COD removal efficiency of 75% ±
0.9% and 56% and a methane content of 62% ± 1.5% and 51%, respectively. However, the application
of intermittent feeding to treat different ratios of food waste and domestic wastewater at higher OLRs
should be recommended for further study.
Food waste has low total solid (TS) content, high soluble organic content, is easily degradable,
and has high energy content per amount of dry mass. Excess ammonia and volatile fatty acid (VFA)
accumulation are more common with anaerobic digestion of high solid content in food waste [13].
However, the composition of food waste varies, depending on the collection source [14]. Restaurant
and canteen food waste accounts for 50% of the total amount of food waste, according to De Clercq
et al. [15]. Pinto et al. [16] have reported the elevated amounts of food waste in a university canteen
and the resulting need for action to reduce it. Rattanapan et al. [11] investigated batch co-digestion
of food waste from the same university canteen used in this study with municipal wastewater in the
laboratory and found that it had additional benefits, including adjustment of the carbon/nitrogen
(C/N) ratio and improvement of process stability. Co-digestion of food waste with other wastes in
a single digester became increasingly popular once the advantage of the C/N ratio adjustment was
discovered [17].
Various biogas system parameters, including temperature and OLRs, are important for biogas
production. Temperature is a critical factor affecting reaction rate, stability, and microbial activity
during anaerobic digestion. Zamanzadeh et al. [18] have reported that although solubility could be
achieved during thermophilic digestion of food waste, the high level of VFAs produced decreased the
stability of the digester and reduced the methane yield relative to mesophilic digestion. Hydraulic
retention time (HRT) is a vital parameter that significantly affects the microbial ecology and
characteristics in the reactor during operation and biogas production in reactor systems [19]. The
OLR of a system depends on HRT and COD concentrations. Such information is still lacking
for biogas systems in the case of the co-digestion of food waste from the university canteen with
domestic wastewater.
Accordingly, the aim of this study was to optimize the C/N ratio and OLR parameters for
producing biogas from the co-digestion of canteen food waste and municipal wastewater. Batch
experiments were carried out to evaluate an optimum C/N ratio, while semi-continuous experiments
were used to develop the OLR optimization. The effects of temperature on biogas production from
the co-digestion were also determined. Physicochemical properties, including pH, TSes, volatile solid
(VSes), VFAs, and CODs, were monitored throughout the anaerobic digestion process
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2. Materials and Methods
2.1. Feedstock and Seed Sludge
Food waste from the collection tank of the main canteen at the Hatyai campus of Prince of
Songkla University, Songkhla Province, Thailand, was collected to use as a substrate in this study.
Collections were performed on a daily basis at 12:00 and 19:00 of each day in order to reduce nutritional
variations within the food waste. An electrical kitchen blender was used to prepare the homogenization.
The co-substrate, domestic wastewater, was obtained from storage ponds at the Hatyai municipal
treatment system in Songkhla Province, Thailand. Anaerobic sludge was obtained from the upflow
of the anaerobic sludge blanket of Hongyenchotivat Company Limited, a frozen seafood industry in
Hatyai, Songkhla, Thailand. All substrates and the inoculum were stored at 4 ◦ C prior to use and were
partially preserved at −20 ◦ C. The characteristics of the municipal wastewater, canteen food waste,
and seed sludge are presented in Table 1.
Table 1. Physicochemical properties of canteen food, domestic wastewater, and seed sludge (mean ±
standard deviation).
Parameters

Units

Domestic Wastewater

Canteen Food Waste

Seed Sludge

pH
COD
BOD
TKN
TS
VS
SS
TDS
Alkalinity
VFA
C/N
Moisture
TN
TP
TK
OC
VFA/Alk

mg L−1
mg L−1
mg L−1
mg L−1
mg L−1
mg L−1
mg L−1
mg L−1
mg L−1
%
%
%
%
%
-

6.83 ± 0.18
177.50 ± 45.16
36.50 ± 2.38
37.50 ± 12.58
289.25 ± 13.38
126.00 ± 20.69
40.00 ± 6.58
238.00 ± 17.36
169.00 ± 14.49
29.00 ± 3.37
5.29 ± 2.40
-

5.21 ± 0.12
21.52 ± 3.10
81.17 ± 5.96
3.59 ± 0.54
1.80 ± 0.60
0.08 ± 0.04
77.35 ± 7.26
-

7.31 ± 0.24
41,705.25 ± 827.24
22,318.75 ± 1067.55
14,213.75 ± 808.34
5189.5 ± 59.66
1364.75 ± 81.63
0.26 ± 0.02

COD: Chemical oxygen demand; BOD: biochemical oxygen demand; TKN: total kjeldahl nitrogen; TS: Total solid;
VS: Volatile solid; SS: suspended solids; TDS: total dissolved solid; VFA: Volatile fatty acid; C/N: carbon/nitrogen;
TN: total nitrogen; TP: total phosphorus; TK: total potassium; OC: organic carbon; VFA/Alk: volatile fatty
acid/alkalinity.

2.2. Batch and Continuously Stirring a Tank Reactor (CSTR) Configuration and Experimental Design
Laboratory glass reactors with a working volume of 1 L were used to conduct batch experiments
in triplicate. For C/N ratio optimization, seven co-digestion reactions were set up with varying
compositions of canteen food waste and domestic wastewater (% w/v): Control (containing only seed
sludge), 0:100, 10:90, 25:75, 50:50, 75:25, and 100:0 [20]. The ratio of anaerobic sludge and substrate
for each batch reactor was kept constant at 30% (v/v) of the working volume in an anaerobic rector,
based on the recommendation of Hobson and Wheatley [21]. The pH of the co-substrate was adjusted
using a 1-N NaOH solution to maintain a range of 6.80–7.20 [22]. After sealing, each reactor setup
was purged with N2 gas to create anaerobic conditions. All batch test experiments were carried out
in a water bath, creating mesophilic (35 ± 1 ◦ C) or thermophilic (55 ± 1 ◦ C) conditions. The biogas
produced from each reactor was monitored daily according to the volume of biogas produced. The
experiments were terminated when biogas generation stopped.
CSTRs with a total volume of 8 L and a working volume of 5 L were used in the semi-continuous
experiment. The co-substrate inside the reactor was homogenized with a vertical mechanical stirrer at
a rate of 120 revolutions per minute (rpm), operated twice daily. Three CSTRs, designated reactors
A, B, and C, were used in the study, and the C/N ratio and temperature parameters were set using
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the results from the batch experiment. Three different OLRs were used in the reactors: 0.66, 0.33, and
0.22 g VS L−1 d−1 [23]. When the reactor was fed, the co-digestion substrate effluent was removed from
the reactor by way of an outlet channel that included a covering system to protect air contamination.
The downward displacement of water was used for calculating gas production volume. A 1-L gasbag
was used to collect biogas to determine its composition.
2.3. Analytical Methods
Daily samples were collected for pH analysis. The concentration of CODs, alkalinity, TSes, VSes,
and VFAs were analyzed every three days in accordance with standard wastewater procedures [24].
Water displacement (gas counter) was used to calculate the daily biogas production. The biogas
sample was taken from the CSTR reactor every 10 days, and its composition was analyzed. A gas
chromatogram (GC), equipped with a thermal conductivity detector (TCD) and a TDX-01 packed
column with helium as the carrier gas, was used to analyze the biogas composition. The operational
temperature at the injection port, the column oven, and the detector were at 60 ◦ C, 120 ◦ C, and 120 ◦ C,
respectively. All above analyses were performed in triplicate, and the data are expressed as the mean
± standard deviation.
3. Results and Discussion
3.1. Co-Substrate Compositions
The characteristics of the domestic wastewater, canteen food waste, and anaerobic sludge are
presented in Table 1. The pH of the domestic wastewater was slightly acidic, with a pH of 6.83 ±
0.18, which matched the optimum value for anaerobic digestion (6.8–7.2) [25]. The COD value and
C/N ratio of domestic wastewater were 117.50 ± 45.16 mg L−1 and 5.29 ± 2.40:1, respectively. This
result was according to the finding from Jinjaruk et al. [26], who investigated the limitation factors
of domestic wastewater in Thailand for an anaerobic degradation process with a low concentration
of carbon source. Lin et al. [27] have reported that the optimum C/N ratio for anaerobic digestion is
20–30:1, suggesting that the C/N ratio found in the domestic wastewater sample here was low, which
may have been due to either a high content of nitrogen or a low content of carbon source. Hence,
a co-digestion with a high carbon substrate should be fed to increase the C/N ratio as well as for
enhancing anaerobic digestion potential.
The pH, moisture, total nitrogen, total phosphorus, potassium, and organic carbon of the canteen
food waste were 5.21 ± 0.12, 81.17% ± 5.96% (w/w), 3.59% ± 0.54% (w/w), 1.80% ± 5.96% (w/w), 0.80%
± 5.96% (w/w), and 77.35% ± 5.96% (w/w), respectively. The Department of Business Development in
Thailand [28] has reported that over 205,709 restaurants operated throughout Thailand in 2017, but
no reports were found on the formal number of Thai canteens. In particular, the key advantages to
using this source for canteen food waste were that it was a large canteen with more than 280 kg of
food waste production per day, it contained concentrated and varied waste, and it was easy to sample
in a collection tank. The characteristics of various canteens in Thailand, including at RMUTL [5],
Naresuan University [29], and Srinakharinwirot University [30], were consistent with this study in that
they contained a low pH (4.38–5.24), high moisture content (75–90%), and had easily biodegradable
portions. The C/N ratio of the canteen food waste in our study was 21.55 ± 3.10:1, which was in the
range of other Thai canteens (20.52–30.88) and was a suitable ratio for using it as the co-digestion
substrate for biogas production under anaerobic conditions [25]. For further study, various types
and amounts of resources for food waste samples to be used as co-substrates should be conducted to
increase the variety of the representative sample and the result implementation. The seed sludge had a
pH of 7.31 ± 0.24, an alkalinity of 5189.5 ± 59.66 mg L−1 , and a VFA of 1364.75 ± 81.63 mg L−1 , all of
which made the sludge suitable for use as an initial inoculum for biogas production [21].

between canteen food waste and domestic wastewater after digestion are presented in Table 2. A
10:90 ratio of co-substrates produced the optimum C/N ratio range (20–30:1) for biogas production
[25]. Low C/N ratios produced an abundance of free and residual ammonia that inhibited the process
of biogas production.
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1022.63
4674.69
653.83

55 °C
4038.76
2880.94
2188.46
2267.60
1141.67
3388.85
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between canteen food waste and domestic wastewater after digestion are presented in Table 2. A 10:90
ratio of co-substrates produced the optimum C/N ratio range (20–30:1) for biogas production [25].
Low C/N ratios produced an abundance of free and residual ammonia that inhibited the process of
biogas production.
Table 2. Performance data for batch experiments with various ratios of co-substrate under mesophilic
(35 ◦ C) and thermophilic (55 ◦ C) conditions.
Ratios
(FW:DW) *
10:90
25:75
50:50
70:30
0:100
100:0
Seed

Cumulative Biogas
Production (mL)
35

◦C

7053
2619
2893
3161
357
4801
208

55

◦C

5102
2640
2796
3840
336
4848
348

CH4 Content (%)
35

◦C

62
20
8
0.36
51
0.43
43

55

Cumulative CH4
Production (mL)

◦C

31
12
3
0.14
51
0.15
49

35

◦C

4372.86
523.80
231.44
11.38
182.07
20.64
89.44

55

◦C

1581.62
316.80
83.88
5.38
171.36
7.27
170.52

BMP (mL CH4 /mg
VS Removal)
35

◦C

0.78
0.18
0.10
0.00
0.18
0.00
0.14

55

◦C

0.39
0.11
0.04
0.00
0.15
0.00
0.21

VS Removal
(mg)
35

◦C

5619.52
2910.64
2352.41
2377.63
1022.63
4674.69
653.83

55

◦C

4038.76
2880.94
2188.46
2267.60
1141.67
3388.85
815.59

C/N Ratios
35 ◦ C

55 ◦ C

29.72
41.83
59.60
65.78
19.65
80.03
12.57

28.16
43.95
59.08
64.85
19.71
82.66
13.13

* Note: Food waste/domestric Wastewater = (FW:DW); biomethane ponteial = BMP.

In one study, a high nitrogen content yielding a high C/N ratio increased the nitrogen
consumption rate during the startup process, which decreased the lignocellulosic biomass, creating
poor anaerobic digestibility [30]. This finding was consistent with the biomethane potential (BMP)
found here (Table 2). BMP assays were performed to assess how the C/N ratio and temperature
influenced CH4 yields in order to find the range of conditions to use for subsequent semi-continuous
experiments. The results indicated that a food waste to wastewater ratio of 10:90 yielded the
highest BMP under mesophilic conditions (0.78 ml CH4 /mg VS removal). Under thermophilic
conditions, a 10:90 ratio produced a lower BMP (0.39 ml CH4 / mg VS removal) than under mesophilic
conditions, because the thermophilic process was more sensitive to environmental changes than the
mesophilic process [31]. The high occurrence of ammonium and volatile acids usually inhibits the
activity of thermophilic digestion [32]. Therefore, the most suitable conditions according to the batch
experiment were a 10:90 ratio performed at a mesophilic temperature, and these conditions were used
in further experiments.
3.3. Semi-Continuous Operation Performance
The OLR of the solution is a significant factor for transitioning biogas production to the pilot
plant scale. The anaerobic process may be sped up by high OLR feeding, but this increases the risk of
process inhibition with higher substrate concentrations. Therefore, the optimum OLR was investigated
to provide recommendations for reducing maintenance and operational costs of CSTR [33,34]. The
optimal conditions indicated in the previous experiments, with a 10:90 ratio of canteen food waste to
domestic wastewater and mesophilic temperature, were used for the CSTR co-digestion performance
assessment. Three OLRs (0.66, 0.33, and 0.22 g VS L−1 d−1 ) were tested in three CSTR experiments.
Three OLRs (0.22, 0.33, and 0.66 g VS L−1 d−1 ) were tested in three CSTR experiments, with HRTs of
10, 20, or 30 days, respectively.
3.3.1. Biogas Performance
Methane content and productivity and biogas productivity were monitored throughout the
digestion (Figure 3). The average biogas production at 0.66, 0.33, and 0.22 g VS L−1 d−1 was 710 ±
85.57, 2253 ± 121.10, and 2760 ± 115.33 ml d−1 , respectively. OLRs of 0.33 and 0.22 g VS L−1 d−1
yielded similar biogas production rates, and productivity was at its lowest when the OLR was 0.66 g
VS L−1 d−1 . During the initial stage of operation, a low concentration of methane was found for all
OLRs. After steady state operation, the methane contents at ORLs of 0.66, 0.33, and 0.22 g VS L−1 d−1
were 20.65–22.12%, 38.03–41.20%, and 53.06–60.02%, respectively, with the lowest methane content
found at 0.66 g VS L−1 d−1 .

11.80, 131.84 ± 139.86, and 196.85 ± 195.49 mL g VS were found for OLRs of 0.66, 0.33, and 0.22 g VS
L−1 d−1, respectively. These findings occurred because readily biodegradable properties, such as
carbohydrates, could be easily degraded during anaerobic digestion, and an increase in OLRs and a
decrease in HRT had less effect on their removal rate and biogas and methane profiles [35]. High
Environments
2019, 6, 16 and good process stability suggested that co-digestion of canteen food waste
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There was a decreasing trend in methane yield with increasing OLRs. Methane yields of 15.81
3.3.2. VFA, pH, TS, and VS Performance
± 11.80, 131.84 ± 139.86, and 196.85 ± 195.49 mL g VS were found for OLRs of 0.66, 0.33, and
1 d−important
1 , respectively.
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of easily
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degradeddigestion
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[36,37].
Total on
VFA
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TS and
removal
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in HRT had
less effect
their
removal ratepH,
andand
biogas
and VS
methane
profiles
[35].
High
was
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throughout
theprocess
digestion
process
(Figures that
4 and
5). Until day
VFA food
concentrations
methane
production
and good
stability
suggested
co-digestion
of 15,
canteen
waste and
−1 (as CH
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between
3500 is
and
4500 mg L
3COOH)
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thenrecovery.
decreased significantly
domestic
wastewater
technically
feasible
with
a highinpotential
forand
energy
until the termination of biogas formation in reactors at OLRs of 0.33 and 0.22 g VS L−1 d−1. In contrast,
3.3.2.
pH,
TS, of
and
VSgPerformance
at
the VFA,
highest
OLR
0.66
VS L−1 d−1, VFA concentrations increased due to the fast acidogenesis or
VFAs are important intermediates during anaerobic digestion and act as indicators for monitoring
the health status of the anaerobic digestion process. In a well-operated reactor, VFAs should not
accumulate [36,37]. Total VFA concentration, pH, and TS and VS removal in each reactor was
monitored throughout the digestion process (Figures 4 and 5). Until day 15, VFA concentrations
ranged between 3500 and 4500 mg L−1 (as CH3 COOH) in all setups, and then decreased significantly

Biogas production during the anaerobic digestion process was stabilized by hydrolysis,
acidogenesis, acetogenesis, and methanogenesis. High methane yields were expected at low OLRs,
since at high OLRs, the high hydrolysis rate creates a risk of acidification [37]. The highest biogas
production rate was achieved with the lowest OLR (0.22 g VS L−1 d−1) during co-digestion (Table 3).
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The highest OLR resulted in moderate production of VFAs, which were not converted to CH4, and
this in turn led to the acidification of the reactor. Kim et al. [37] found that the highest methane yield
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in 12
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caused
by
the
increased
OLR.
digestion between domestic wastewater and food waste from the university canteen.
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The pH within the reactor reportedly affects the composition of anaerobes. In this study, the pH of the
reactor for OLRs
0.66, 0.33,ofand
0.22 g VSparameters
L−1 d−1 was
maintained at 6.37
± 0.07,
7.10 ± 0.03, and
Table of
3. Summary
performance
for semi-continuous
anaerobic
digestion.
7.25 ± 0.05, respectively. Only the OLRs of 0.33 and 0.22 g VS L−1 d−1 likely ensured a high activity
−1
Organic
Ratesoptimally
(g VS L−1 d
of methanogens, which are sensitive to environmental
changeLoading
and perform
in a) pH range
Parameter
Unit
of 7–8 [39]. Wang et al. [14] have suggested that when
with other
0.66 food waste is used
0.33 for co-digestion0.22
substrates,
one
potential
concern
is
that
the
more
readily
hydrolysable
food
waste
might
interrupt
Biogas productivity
mL L−1 d−1
710 ± 85.57
2253 ± 120.10
2760 ± 115.33the
established balance between hydrolysis and methanogenesis. A sharp pH drop and VFA accumulation
Methane productivity
mL L−1 d−1
137.28 ± 23.96
894.61 ± 78.76
1395.67 ± 237.97
in the digestion slurry would indicate such an interruption.
Methane content
%
19.352 ± 2.48
39.72 ± 2.99
50.43 ± 7.31

Methane yield

mL g−1 VS

15.81 ± 11.80

131.84 ±139.86

196.85 ± 195.49

pH

-

5.77 ± 0.54

6.52 ± 0.69

6.78 ± 0.73

TS removal

%

31.91 ± 3.42

33.16 ± 2.23

37.62 ± 2.27

VS removal

%

82.69 ± 1.65

73.96 ± 0.84

57.10 ± 0.94

Environments 2019, 6, 16

9 of 12

For OLRs of 0.66, 0.33, and 0.22 g VS L−1 d−1 , TS removal during steady stage operation was
31.03% ± 2.56%, 33.16% ± 2.23%, and 37.74% ± 2.29%, respectively. Correspondingly, VS removal
during steady stage operation was 33.13% ± 1.47%, 59.75% ± 1.30%, and 69.71% ± 1.47% for each OLR.
These results suggest that the degradation of organics was affected by increasing the HRT. The highest
TS and VS removals were found with the lowest OLR, since microbial organic degradation activity and
biogas production were enhanced by the high retention time. A washout process of microorganisms
was found during a short operational time period [40].
3.3.3. Stability of Biogas Production During Digestion with Food Waste and Domestic Wastewater
Biogas production during the anaerobic digestion process was stabilized by hydrolysis,
acidogenesis, acetogenesis, and methanogenesis. High methane yields were expected at low OLRs,
since at high OLRs, the high hydrolysis rate creates a risk of acidification [37]. The highest biogas
production rate was achieved with the lowest OLR (0.22 g VS L−1 d−1 ) during co-digestion (Table 3).
The highest OLR resulted in moderate production of VFAs, which were not converted to CH4 , and this
in turn led to the acidification of the reactor. Kim et al. [37] found that the highest methane yield was
obtained in a reactor with an HRT of 12 days. The most tolerable HRT found in this study was longer
than those of other studies, likely because the ecological balance of the stable ecosystem was disrupted
in the absence of a strong loading shock during anaerobic digestion [37]. Mesophilic digestion with a
0.22 g VS L−1 d−1 OLR was the best option for increasing the performance of co-digestion between
domestic wastewater and food waste from the university canteen.
Table 3. Summary of performance parameters for semi-continuous anaerobic digestion.
Parameter

Unit

Biogas productivity
Methane productivity
Methane content
Methane yield
pH
TS removal
VS removal
VFA

L−1

d−1

mL
mL L−1 d−1
%
mL g−1 VS
%
%
mg L−1

Organic Loading Rates (g VS L−1 d−1 )
0.66

0.33

0.22

710 ± 85.57
137.28 ± 23.96
19.352 ± 2.48
15.81 ± 11.80
5.77 ± 0.54
31.91 ± 3.42
82.69 ± 1.65
5915.83 ± 129.58

2253 ± 120.10
894.61 ± 78.76
39.72 ± 2.99
131.84 ±139.86
6.52 ± 0.69
33.16 ± 2.23
73.96 ± 0.84
2990.52 ± 230.48

2760 ± 115.33
1395.67 ± 237.97
50.43 ± 7.31
196.85 ± 195.49
6.78 ± 0.73
37.62 ± 2.27
57.10 ± 0.94
1283.19 ± 375.43

4. Conclusions
The optimum substrate ratio, OLRs, and temperature for biogas production when co-digesting
domestic wastewater and canteen food waste together were determined. An ideal C/N ratio for high
biogas production was achieved with a canteen food waste to domestic wastewater ratio of 10:90,
and the greatest biogas production occurred at a mesophilic temperature. The biogas performance
proved this co-digestion to be an efficient alternative to various OLRs by easing the feeding shock.
High OLRs during operation in a semi-continuous experiment resulted in excessive production of
VFAs, which were not converted to CH4 and led to acidification of the reactor. Mesophilic digestion
with a 0.22 g VS L−1 d−1 OLR and a 10:90 canteen food waste to domestic wastewater ratio produced
the greatest biogas output and was the best option for achieving digestion efficiency. Increasing the
representative sample with various types and amounts of food waste resources for use as a co-substrate
should be further studied. The optimization conditions with stable biogas production from co-digestion
between canteen food waste and domestic wastewater in this study will be used to scale up continuous
commercial scale plants in future engineering applications. This result should be recommended for
implementation as a food waste management option in university canteens worldwide.
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