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ABSTRACT: This research was to investigate the potential of biogas production from the
co- digestion of domestic wastewater and food waste. Batch experiments were carried out
under various substrate ratios of domestic wastewater and food waste at 10:90, 25:75, 50:50
and 70:30 at room temperature. The results revealed that the highest biochemical methane
production (BMP) and chemical oxygen demand (COD) removal efficiency were 61.72 ml
CH4 g-1 COD and 75.77 %, respectively, at the ratio of 10:90 for domestic wastewater and
food waste. These primary results indicated the significance of co-digestion of domestic
wastewater with food waste for biodegradation and biogas production.
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Introduction
Demographic growth, urbanization, higher
living standards and technological
advances have led to an unprecedented
increase in the demand for water, not only
for domestic but also for agricultural and
industrial
use
(Agrafioti
and
Diamadopoulos, 2012). In many places of
the world, fresh water supply is not
sufficient to meet the growth in demand;
therefore alternative water sources must be
explored. High water consumption also
means that there will be an increase in the
volume of wastewater generated (Meneses
et al., 2010; Quadir et al., 2010).
Domestic wastewater, in particular
generated
in
decentralized
areas
experiencing population fluctuations, such

as during high tourist season or seasonally
operating activities, could be treated
anaerobically as a pre-treatment step to
conventional aeration methods (Manariotis
and Grigoropoulos, 2008). Untreated
wastewater generally contains high levels
of organic materials with numerous
pathogenic microorganisms, trace heavy
metals, nutrients and toxic compounds.
Therefore, the ultimate goal of domestic
wastewater treatment is to protect the
environment that has impact on protection
of the environment with public health and
socio-economic matters (Al-Sarawy et al.,
2001).
Since demand for energy is expected to
increase by more than 50% by 2025, there
is an ongoing search to develop
sustainable, affordable, environmentally
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friendly energy from renewable sources
(Deublein and Steinhauser, 2008; Khanal,
2008). Biofuels derived from plant-based
feedstock are renewable and serve as an
environmentally clean energy source
which could significantly decrease fossil
fuel consumption (Ersahin et al., 2011).
Among biofuels, biogas from biological
treatment plants has been considered as
one of the most important renewable
energy sources.
Several researches (Melidis et al., 2009;
Gao et al., 2011) recommended that
anaerobic
treatment
of
domestic
wastewater is considerably feasible.
However, domestic wastewater treatment
with anaerobic process suffered from poor
treatment efficiency and post-treatment
was therefore essential (Melidis et al.,
2009) especially for poorly biodegradable
wastes that cannot be digested alone due to
their characteristics such as low solubility
or unbalanced carbon to nitrogen (C/N)
ratio (Ponsá et al., 2011). Nevertheless,
when mixed with other complementary
wastes, these degradation resistant
materials become suitable for anaerobic
“co-digestion” (Alatriste-Mondragón et
al., 2006). Hence, the co-digestion can
improve the treatment efficiency of
domestic wastewater using anaerobic
process.
Co-digestion has been defined as the
anaerobic treatment of a mixture of at least
two different substrates with the aim of
improving the efficiency of the anaerobic
digestion process (Álvarez et al., 2010).
Several literature reported about the codigestion processes, such as co-digestion
of the organic fraction of municipal solid
waste and agricultural residues (Kübler et
al., 2000), organic wastes and sewage
sludge (Neves et al., 2009; Zhang et al.,
2008) or more specific wastes (Bouallagui
et al., 2009; Buendı´a et al.,2009).
However, our literature search shows that
there is no report on anaerobic codigestion for domestic wastewater.

Food waste is a highly desirable substrate
for anaerobic digestion because of its
biodegradability and high nutrient
contents. A typical food waste contains 7–
31 wt.% of total solid, and the biochemical
methane potential (BMP) of the food
waste is estimated to be about 0.44–0.48
m3 CH4/kg of the added volatile solid
(VSadded) (Heo et al., 2003; Han and Shin,
2004; Zhang et al., 2007). Anaerobic
digestion of the food waste attracts strong
interest, and many novel anaerobic
digestion systems have been developed
and applied to treat the food waste.
Several studies (Romano and Zhang, 2008;
Creamer et al., 2010; Wu et al., 2010)
showed that the sensitivity of the
anaerobic digestion process to the
environmental changes may be improved
by combining several waste streams.
These practices suggest that anaerobic codigestion of the food waste and the
domestic wastewater could potentially
solve the operational problems and low
economic feasibility found in anaerobic
digestion of food waste or domestic
wastewater alone. Therefore, the aim of
this study was to investigate the potential
of anaerobic co-digestion for biogas
production
between
the
domestic
wastewater and food waste in a batch
experiment according to at various ratios
of co-substrates and to evaluate its process
performance.
Materials and Method
Co-substrates and inoculums
Domestic wastewater used in this study
was obtained from storage ponds of Hatyai
municipal treatment system in Songkhla
province, Thailand. Food wastes were
collected from a cafeteria center in Hatyai
campus of Prince of Songkla University,
Songkhla, Thailand. The anaerobic sludge
used in this study as inoculums were taken
from an anaerobic digester treating the
food waste for a cafeteria center of Hatyai
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campus of Prince of Songkla University,
Songkhla, Thailand. The substrates and
inoculums were individually homogenized
and subsequently stored at 4 °C until use.
Batch experiment procedure
The biogas production potentials of codigestion
between
the
domestic
wastewater and food wastes used in this

study were determined in anaerobic batch
digesters
(FIGURE
1).
Duplicate
laboratory batch reactors were set up in
sealed glass vessels with an effective
volume of 1: l. To initiate the biogas
potential measurement of co-digestion of
the domestic wastewater and food waste,
10 % (v/v) of inoculums were added to
sealed anaerobic digesters.

Silicon Tube
Water

Needle
Cone
Needle
Digester
Water

FIGURE 1: Schematic diagram of the digester.
The ratios of co-substrates between the
domestic wastewater and food waste were
at 10:90, 25:75, 50:50 and 70:30 (% TS)
respectively to determine the optimum
ratio of biogas production. After filling, all
digesters were closed with a rubber cap
and the atmospheric oxygen in the gas
phase was purged with N2. During the
experiments, all digesters were operated at
room temperature (27–32°C) and were
shaken once a day. Biogas production was
monitored
periodically
until
gas
production became negligible. An outlet in
the stopper was used for collecting biogas
in gas tight glass jars and the daily biogas
production was recorded through the
measurement of water displacement (Zhu
et al., 2011).

Analytical analysis
The samples were taken from each
digester before and after the experiments.
Analysis of the chemical oxygen demand
(COD), biological oxygen demand (BOD),
total nitrogen (TN), ammonia nitrogen
(NH4-N), total phosphorus (TP), total solid
(TS), volatile solid (VS), suspended solid
(SS), total dissolved solid (TDS) and
volatile fatty acids (VFA ) were performed
according to the Standard Methods for the
Examination of Water and Wastewater
(APHA, 2005).
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Results and Discussion

Waste characterization

As detailed above, some substrates have
limitations and appear to be low-efficient
when they are degraded anaerobically
(Astals et al., 2011). The main constraint
of the domestic wastewater was the
imbalance of its nutrient content - low
carbon to nitrogen ratio which decreased
the microorganism activity. In this study,
food wastes were used to avoid
interferences
from
the
minority
compounds, and to analyse the viability of
the co-digestion between substrates.

To evaluate the potential of food waste as
a co-substrate for the anaerobic digestion
of domestic wastewater, the characteristics
of food waste and domestic wastewater
were analyzed and compared to those
reported in the literature The results of the
feedstock characterisation are summarised
in TABLES 1 and 2. As shown in
TABLE 1, the majority (54%) of food
waste composition was carbon. This
finding was almost similar to literature
reports (Han and Shin, 2004; Zhang et al.,
2007; Zhang et al., 2011).

TABLE 1: The characteristics of the food waste as compared to the literature reports.
Parameters
pH
Moisture (% w/w)
Nitrogen, N (% of TS)
Phosphorus, P (% of TS)
Potassium, K (% of TS)
Carbon, C (% of TS)
C:N ratio

Han and Shin
(2004)
3.5
51.4
14.7

In addition, the results of nitrogen
composition in food waste well were in
accordance to the literature reports (Han
and Shin, 2004; Zhang et al., 2007; Zhang
et al., 2011). The C/N ratio of food waste
in this study was 20.24, which was higher
than previous studies (TABLE 1). The
C/N ratio suggested that the food waste
was at the optimal range (15.5–25.0) (Wu
et al., 2010). The food waste used in this
study contained significant concentrations
of nitrogen. However, most of nitrogen in
food waste existed as the organic nitrogen
like proteins (Zhang et al., 2011), which
may be affected by the biodegradation of
microorganism in seed sludge.

Zhang et al.
(2007)
3.16
46.78
14.6

Zhang et al.
(2011)
6.50
3.54
46.67
13.2

This study
5.50
2.72
0.78
0.04
54.95
20.24

TABLE 2 shows the characteristics of the
domestic wastewater as compared to
literature reports. Domestic wastewater in
this study had high COD concentration
(516 mg/L) compared to the literature
reports (Bodkhe, 2009; Ismail et al.,
2012). The nitrogen composition in the
domestic wastewater was similar to
Bodkhe’s (2009) findings. Our study
found that the ratio of C/N was not
suitable for biogas production because of
low COD concentration. Therefore, the codigestion is an alternative way for
enhancing biogas production from
domestic waste water.

4

Health and The Environment Journal, 2012, Vol. 3 No. 2

TABLE 2: The characteristics of the domestic wastewater as compared to the literature
reports
Parameters

Bodkhe (2009)
7.5–8.2

Ismail et al. (2012)
7.44

Current study
6.87

COD (mg/l)

350–450

360

516

BOD5 (mg/l)

200–300

140

70.62

TKN (mg/l)

30–45

-

39

-

27.3

0.51

TP (mg/l)

5–6

4

7.20

TS (mg/l)

-

-

324

VS (mg/l)

-

-

267

SS (mg/l)

300–450

-

13

-

-

311

230–300

-

185.74

-

-

50

pH

NH4+-N (mg/l)

TDS (mg/l)
Alkalinity(mg/l)
VFA (mg/l)
Batch test experiments

The ultimate biogas production of the cosubstrates was determined through
biodegradability batch tests. FIGURE 2
below showed that the biogas production
value of co-digestion according to various
ratio compositions of co-substrates i.e.
10:90, 25:75, 50:50 and 70:30 (% TS). The
biogas production of each ratio was similar
during the first three days. After this first
period, the co-substrates of 10:90 and
25:75 continued generating methane for
the following 12 days suggesting the
adaption of the microorganisms (Astals et
al., 2011).
The co-substrates of 10:90 produced the
highest biogas production with 1,583 ml
CH4 g-1 COD. In contrast, the cosubstrates of 70:30 had the lowest biogas
production. As reported by many studies

(Parkin and Owen, 1986; Kayhanian and
Hardy, 1994), the optimum C/N ratio fell
between 20 and 40. The co-substrates of
10:90 had a C/N ratio of 39.6, which was
within the optimum range. This could be
the reason why the highest biogas
production from those co-substrates was
obtained.
TABLE 3 showed the final biochemical
methane production (BMP) of the
biodegradability batch tests and the COD
removal of each tested sample. As can be
seen, the co-substrates of 10:90 presented
the highest COD removal percentages and
BMP value than other ratios. In addition,
this result shows that the co-digestion of
domestic wastewater and food wastes had
a high trend of the biogas production.
Therefore, the co-digestion of the domestic
wastewater with food waste should be
enhanced for biogas production.
5
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FIGURE 2: Cumulative biogas production for domestic wastewater and each mixture

TABLE 3: Ultimate biogas production and matter removal of each dplicated samples tested.
Parameters
COD removal %
Biochemical methane production
(ml CH4/g COD)

Food waste : Domestic wastewater
10:90
25:75
50:50
75.77
54.42
18.93

70:30
5.53

61.72

6.68

Conclusion
Our results show that co-digestion of
domestic wastewater with food wastes was
very promising for the production of
renewable energy in the form of methane
gas. The biochemical methane production
(BMP) and chemical oxygen demand
(COD) removal efficiency were 61.72 ml
CH4 g-1 COD and 75.77 %, respectively.
Moreover, the addition of food waste to
the anaerobic digestion of domestic
wastewater showed an increasing trend of
the biogas production. The laboratory
batch study revealed that the use of food
wastes as co-substrate in the anaerobic
digestion of domestic wastewater also has

41.64

9.93

other advantages: i.e. the improvement of
the balance of the C: N ratio and efficient
process stability.
Acknowledgement
This research was supported by Thailand
Research Fund, Commission of Education,
Thailand and Mahidol University (contract
reference number MRG5480139). We
thanked Mr.Weerawat Ounsaneha for his
contribution.

6

Health and The Environment Journal, 2012, Vol. 3 No. 2

References
1. Agrafioti, E. and Diamadopoulos, E.
(2012). A strategic plan for reuse of
treated municipal wastewater for crop
irrigation on the Island of Crete.
Agricultural Water Management, 105:
57– 64.
2. Al-Sarawym A, El-Sherbiny, F and
Mels,
R.
(2001).
Coagulation
andflocculation of domestic sewage
with
organic
polyelectrolyte.Alex
Engineer Journal, 40(5):777–82.
3. Alatriste-Mondragón, F., Samer, P.,
Cox, H., Ahring, B. and Iranpour, R.
(2006). Anaerobic codigestion of
municipal, farm, and industrial organic
wastes: A survey of recent literature.
Water Environment Research, 78: 607636.

8. Bouallagui, H., Lahdheb, H., Ben
Romdan, E., Rachdi, B. and Hamdi, M.
(2009). Improvement of fruit and
vegetable waste anaerobic digestion
performance and stability with cosubstrates addition. Journal of
Environmental Management, 90:18441849.
9. Buendía, I. M., Fernández, F. J.,
Villaseňor, J. and Rodríguez, L.
(2009). Feasibility of anaerobic codigestion as a treatment option of meat
industry
wastes.
Bioresource
Technology, 100:1903-1909.
10. Creamer, K.S., Chen, Y., Williams,
C.M. and Cheng, J.J. (2010). Stable
thermophilic
anaerobic digestion
of dissolved air flotation (DAF) sludge
by co-digestion with swine
manure.
Bioresource Technology, 101: 3020–
3024.

4. Álvarez, J.A., Otero, L. and Lema,
J.M. (2010). A methodology for
optimising
feedcomposition
for
anaerobic co-digestion of agroindustrial
wastes.
Bioresource
Technology, 101: 1153–1158.

11. Deublein, D. and Steinhauser, A.
(2008). Biogas from waste and
renewable resources: An introduction.
Wiley-V CH, Weinheim, Germany.

5. American Public Health Association
(APHA) (2005). Standard methods for
the examination of water and
wastewater. 21sted. American Public
Health
Association
(APHA),
Washington, DC.

12. Ersahin, M.V, Gomec, C.V., Dereli,
R.K., Arikan, O. and Ozturk, I. (2011).
Biomethane
production
as
an
alternative: Bioenergy source from
codigesters treating municipal sludge
and organic fraction of municipal solid
wastes. Journal of Biomedicine and
Biotechnology, 8:1-8.

6. Astals, S., Ariso, M., Galí, A. and
Mata-Alvarez, J. (2011). Co-digestion
of pig manure and glycerine:
Experimental and modelling study.
Journal
of
Environmental
Management, 92:1091-1096.
7. Bodkhe, S.Y. (2009). A modified
anaerobic baffled reactor for municipal
wastewater treatment. Journal of
Environmental
Management,
90:
2488–2493.

13. Gao D-W., An, R., Tao, Y., Li, J., Li,
X-X
and
Ren
N-Q.
(2011).
Simultaneous methane production and
wastewater reuse by a membranebased process: Evaluation with raw
domestic wastewater. Journal of
Hazardous Materials, 186: 383–389.
14. Han, S.-K.and Shin, H.-S. (2004).
Biohydrogen production by anaerobic
fermentation
of
food
waste.
7

Health and The Environment Journal, 2012, Vol. 3 No. 2

International Journal of Hydrogen
Energy, 29: 569–577.
15. Heo, N., Park, S., Lee, J., Kang, H. and
Park, D. (2003). Single-stage anaerobic
codigestion for mixture wastes of
simulated Korean food waste and
waste activated sludge. Applied
Biochemical and Biotechnology, 107:
567–579.
16. Ismail, M.I., Fawzy, A.S., AbdelMonem, N.M., Mahmoud, M.H. and
El-Halwany, M.A. (2012). Combined
coagulation flocculation pre-treatment
unit for municipal wastewater. Journal
of Advanced Research, 1-6.

22. Melidisa, P., Vaiopouloub, E.,
Athanasouliaa, E. and Aivasidis, A.
(2009). Anaerobic treatment of
domestic
wastewater
using
an
anaerobic fixed-bed loop reactor.
Desalination, 248: 716–722.
23. Neves, L., Oliveira, R. and Alves,
M.M. (2009). Co-digestion of cow
manure, food waste and intermittent
input of fat. Bioresource Technology,
100: 1957-1962.
24. Parkin, G.F. and Owen, W.F. (1986).
Fundamentals of anaerobic digestion
of
wastewater sludge.
Journal
Environmental Engineering, 112: 867920.

17. Kayhanian, M. and Hardy, S. (1994).
The impact of four design parameters
on the performance of high-solids
anaerobic digestion of municipal solid
waste for fuel gas production.
Environmental Technology, 15: 557567.

25. Ponsá, S., Gea, T. and Sánchez, A.
(2011). Anaerobic co-digestion of the
organic fraction of municipal solid
waste with several pure organic cosubstrates. Biosystems Engineering,
108: 352-360.

18. Khanal, S.K. (2008). Bioenergy
generation from residues of biofuel
industries. Anaerobic Biotechnology
for Bioenergy Production: Principles
and Applications. Wiley-Blackwell,
Oxford, UK; John Wiley & Sons, New
York, NY, USA, 161–188.

26. Quadir, M., Wichelns, D., RaschidSally, L., McCornick, P.G., Drechsel,
P., Bahri, A. and Minhas, P.S. (2010).
The
challenges
of
wastewater
irrigation in developing countries.
Agricultural Water Management, 97:
561–568.

19. Kübler, H., Hoppenheidt, K., Hirsch,
P., Kottmair, A., Nimmrichter, R. and
Nordsleck, H. (2000). Full-scale codigestion of organic waste. Water
Science and Technology, 41: 195-202.

27. Romano, R. and Zhang, R. (2008). Codigestion of onion juice and
wastewater sludge using an anaerobic
mixed biofilm reactor. Bioresource
Technology, 99: 631–637.

20. Manariotis, I.D. and Grigoropoulos,
S.G. (2008). Bioresource Technology,
99(9): 3579–3589.
21. Meneses, M., Pasqualino, J.C. and
Castells, F. (2010). Environmental
assessment of urban wastewater reuse:
treatment alternatives and application.
Chemosphere, 81: 266–272.

28. Wu, X., Yao, W., Zhu, J. and Miller,
C.
(2010).
Biogas
and
CH4
productivity by co-digesting swine
manure with three crop residues as an
external carbon source. Bioresource
Technology, 101: 4042–4047.

8

Health and The Environment Journal, 2012, Vol. 3 No. 2

29. Zhang, R., El-Mashad, H.M., Hartman,
K., Wang, F., Liu, G., Choate, C. and
Gamble, P. (2007). Characterization of
food waste as feedstock for anaerobic
digestion. Bioresource Technology, 98:
929–935.

31. Zhang, L., Woo Lee, Y. and Jahng, D.
(2011). Anaerobic co-digestion of
food waste and piggery wastewater:
Focusing on the role of trace elements.
Bioresource Technology, 102: 50485059.

30. Zhang, P., Zeng, G., Zhang, G., Li, Y.,
Zhang, B. and Fan, M. (2008).
Anaerobic co-digestion of biosolids
and organic fraction of municipal solid
waste by sequencing batch process.
Fuel Processing Technology, 89: 485489.

32. Zhu, Z., Hsueh, M.K. and He, Q.
(2011). Enhancing biomethanation of
municipal waste sludge with grease
trap waste as a co-substrate.
Renewable Energy, 36: 1802-1807.

9

