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V egetable markets and kitchen generates huge quantity of vegetable waste per day.
The vegetable wastes are voluminous and perishable. Unscientific disposal
methods cause an adverse impact on all components of the environment and human
health. Biomethanation is the anaerobic digestion of biodegradable organic waste
under controlled conditions of temperature, moisture and pH in an enclosed space
to generate biogas comprising mainly methane and carbon dioxide. The main
biochemical reactions involved in biomethanation are hydrolysis, Acidogenesis,
Acetogenesis and Methanogenesis. Methane, a source of renewable energy can be
converted into electricity and effluent from biomethanation plant can be used as
soil conditioner. Thus, biomethanation, a biological treatment process appearsto be
an economically viable option for the treatment of vegetable wastes. The aim of
this review paper is to present the detailed studies on biomethanation of vegetable

wastes.

I ntroduction

Vegetable waste are a type of biomass
where energy is stored in the form of
carbohydrates, proteins and fat which may
be converted into any other form of energy
through thermo chemical conversion or
biochemical conversion process. Vegetable
waste is produced in large quantities during
harvesting, poor and Inadequate
transportation, storage facilities and
marketing practices.

Vegetable wastes are responsible for great
amount of environmental pollution (Rathi,
2006; Diaz et a., 2007; Zhu et a. 2008).
Uncontrolled dumping in municipal landfills
and spreading on land bears several adverse

488

consequences such as land, water and air
pollution (Kumar et al., 2001, Kumar €t al.
2009). In addition it emits methane, a major
green house gas contributing to global
warming. It further promotes the breeding of
flies, mosquitoes, rats and other disease
vectors at the disposal site (Zurbrtigg, 2002).
These unscientific disposal methods result in
loss of potentially valuable materials that
can be processed to generate fuel and
fertilizer (Baffi et al., 2005).

The collection, transportation and disposal
of vegetable waste is a very serious problem
today. Land filling treatment method is not
suitable because for most of the cities, space
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is a constraint. In other treatment methods
like incineration and pyrolysis, air pollution
problems are predominant and initia
investments are also too high. The most
promising aternative to these methods and
composting is biomethanation, which has
received increasing attention in recent years.

There are severa factors which affect the
performance of vegetable waste
biomethanation process. Thus the present
review paper was undertaken to focus onto
the detailed aspects on optimization of
operational and environmental parameters
for biomethanation of vegetable wastes.

Optimization of operational and
environmental parametersfor
biomethanation of vegetable waste

Hydraulic retention time (HRT)

The amount of time the feedstock stays in
the digester is known as hydraulic retention
time. The retention time must be sufficient
to carry out the necessary degree of
biodegradation. Shorter retention time have
the risk of washout of active bacteria
population while longer retention time
requires a large volume of the digester and
hence more capital cost. The appropriate
time depends on the type of feedstock,
environmental conditions and intended use
of the digested materia (Ostrem and
Themelis 2004).

Biomethanation of vegetable wastes has
been carried out at different HRT by severd
researchers. HRT 15 days (Das and
Mondal,2013; Mondal and
Biswas,2012;I1slam et al,2009;Davidsson et
a,2007), 14-18 days(Hartmenn and
Ahring,2005),10-12  days(Bouallagui et
al,2009; Kim e al,2006; Kae and
Mehetre,2006;), 20 days (Liu et
al,2012;Chen e  a,2008;Ranade et
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al,1987;Bouallagui et al,2003), 21 days
(Calaghan et a, 2002), 25 days
(Dhanalakshmi et al,2012; Babee and
Shayegan,2011; Sunil kumar et al,2010;
Elango et a,2006), 30days (Velmurugan and
Ramanujan, 2011;Alvarez et a,2008;
Panyue Z e a,2008;Kulgarz and
Mrowiec,2008), 40 days (Ojolo et al,2008),
60 days (Selina and Joseph,2007) and 100
days (Rao and Singh,2004) have been
reported.

Organic loading rate (OLR)

The organic loading rate (OLR) determines
the input of organic matter per unit volume
of digester capacity per day expressed as
mass of organic matter over digester volume
over time. There is an optimum feed rate for
aparticular size of plant, which will produce
maximum gas and beyond which further
increase in the quantity of substrate will not
proportionately produce more gas. Different
OLR have been used to feed the reactors by
researchers. Dhanalakshmi et a (2012)
obtained the biogas yield 0.423 L/gm VS
and 0.576 L/gm VS for two OLR of 0.25
and 050 gm VSL.d respectively.
Dhanalakshmi and Ramanujan (2012) used
OLR of 0.06-0.47 gm VS/L.d in experiment.
Maximum cumulative gas was produced at
OLR0.26 gmVS/L.d.

Temperature

Temperature is an important parameter for
biomethanation. Many researchers have
reported the significant effects  of
temperature on biomethanation kinetics, and
stability (Boe, 2006; Kim et a., 2006;
Lindorfer et al.,2008; Bouallagui et a.,
2009; Fezzani and Cheikh, 2010; Riau et al.,
2010). Temperature has significant effect on
the microbial community, process kinetics
and stability and methane yield (Bouallagui
et al., 2009; Riau et a., 2010). Methane
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producers are generally more sensitive to
temperature  fluctuations than  other
microorganisms in the process. It is reported
that biomethanation of biomass can take
place in three different ranges. pychrophilic
(<20°C), mesophilic  (20-40°C) and
thermophilic (40-68°C). The most common
temperature ranges used to run anaerobic
reactors are ether mesophilic or
thermophilic.

Biomethanation of vegetable waste has been
caried out in mesophilic conditions
(Dhanalakshmi et al, 2012; Dhanalakshmi
and Ramanujan, 2012; Babee and Shayegan,
2011; Alvarez et a, 2008; Bouallagui et al,
2003; Cadlaghan e 4, 2002).
Biomethanation at ambient temperature
conditions (25-37°C) have been studied by
many workers (Das and Mondal, 2013;
Lama e a, 2012; Vemurugan and
Ramanujan, 2012; Cahyari and Putra, 2010;
Kulgarz and Mrowiec, 2010; Islam et al,
2009; Alvarez and Liden, 2008; Chen et &,
2008; Ojolo et a, 2008; Seina and
Joseph,2007; Elango et al,2006; Kumar et
al,2006). Rao and Singh (2004) carried out
vegetable waste biomethanation at room
temperature (25°C) and ambient temperature
(29°C).

pH

pH is an important parameter affecting the
growth of microbes during biomethanation.
The optimum pH and pH range differs with
substrate and biomethanation technique (Liu
et al., 2007). The range of acceptable pH for
organisms involved in biomethanation is
5.5-8.5(Kapdan and Kargi,2006; Poliafico,
2007; Drapcho et al., 2008; Park et al., 2008;
Lee et a., 2009 ). Methanogenic bacteria
are very sensitive to acidic conditions and
their growth and methane production are
inhibited in acidic environment. The
optimum pH and pH range will vary with
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substrate and digestion technique (Liu et al.
2007). The pH values that are found to be
optimal for biomethanation of mixture of
vegetable wastes are 6.7-5.48 (Lama et
a,2012), 6.8 (Biswas et a,2007; Biswas et
al,2006), 6.8-7.3 (Elango et al,2006),
6.9(Mondal and Biswas2012), 6.9-7.0
(Dhanalakshmi et ai,2012), 7.0 (Selina and
Joseph,2007), 7.0-75 (Cahyari and
Putra,2010) and 7.5 (Vemurugan and
Ramanujan,2011; Kumar et a,2006).

In conclusion, the biomethanation process
depends on the composition of substrate.
Vegetable wastes, due to their high
carbohydrate content (Suthar et al., 2005),
biodegradability nature (Misi et al, 2002)
and high moisture content are a good
substrate for the production of biogas
through biomethanation process.
Biomethanation of vegetable wastes has
been carried out at different HRTs as 15-100
days but the optimal HRT for biogas
production is found to be between 20-30
days. The optima temperature for
biomethanation studies used by severa
workers is found to be at mesophilic
conditions. The pH 7.0 is found to be
optimal for vegetable waste biomethanation
studies.

References

Alvarez, R., and Liden, G. 2008. Semi-
continuous co-digestion of solid
dlaughterhouse waste, manure, and
fruit and vegetable waste, Renewable
Energy, 33(4): 726-734.

Babaee, A., and Shayegan, J. 2011. Effect of
organic loading rates (OLR) on
production of methane from anaerobic
digestion of vegetables waste.
Proceedings of World Renewable
Energy Congress-2011 Sweden. pp.
411-417



Int.J.Curr.Microbiol.App.Sci (2015) 4(4): 488-493

Baffi, C., M.T., Dell Abate, S., Silva, A.,
Beneditti, A., Nassisi, P.L., Genevini,
and Adani, F. 2005. A comparison of
chemical, thermal and biological
approach to evaluate compost
stability. By Geophysical Research
Abstracts.  7: 09116. European
Geosciences Union.

Biswas, J., R. Choudhary, and Bhattacharya,
P. 2006. Experimental studies and
mathematical modeling of a semibatch
bio-digestor using municipal market
waste as feed stock. Indian Journal of
Biotechnology.5: 498-505.

Biswas, J, R. Chowdhury, and

Bhattacharya, P. 2007). Mathematical

modeling for the prediction of biogas

generation characteristics of an
anaerobic  digester based on
food/vegetable residues, Biomass and

Bioenergy. 31: 80-86.

K., 2006. Online monitoring and

control of the biogas process, Ph.D.

thesis.  Technical university of

Denmark.

Bouallagui H., R Ben Cheikh, L Marouani
and M C Hamdi. (2003).Mesophilic
biogas production from fruit and
vegetable waste in a tubular digester,
Bioresource Technology, vol. 86, pp.
85-89.

Bouallagui, H., H. Lahdheb, E.B., Romdan,
B. Rachdi, and Hamdi, M. 2009.
Improvement of fruit and vegetable
waste anaerobic digestion
performance and stability with co-

Boe,

substrates  addition.  Journal  of
Environmental Management.
90(5):1844-1849.

Calaghan, FJ, D.AJ, Wase, K.

Thayanithy, and Forster, C. F., 2002.
Continuous co-digestion of cattle
slurry with fruit and vegetable waste
and chicken manure, Biomass and
Bioenergy, 27(1): 71-77.

491

Chen, W. C., Chen, W.C,, and Geng, D. S,
2008. The strategy and bioenergy
potential for kitchen waste recycling
in Taiwan. J. Environ. Eng. Manage.,
18(4): 281-287.

Das, A., and Mondal, C. 2013. Catalytic
Effect of Tungsten on Anaerobic
Digestion  Process for  Biogas
Production from Fruit and Vegetable
Wastes. International Journal  of
Scientific Engineering and
Technology. 2(4): 216-221.

Davidsson, A., C. Gruvberger, T.H.
Christensen, T.L. Hansen, and Jansen,
J.L.C. 2007. Methane yield in source-
sorted organic fraction of municipal
solid waste. Waste Management.
27(3): 406-414.

Dhanalakshmi, S. V., and Ramanujam, R.A.
2012. Biogas Generation in a
Vegetable Waste Anaerobic Digester:
An Analytical Approach. Research
Journal of Recent Sciences. 1(3): 41-
47.

Dhanalakshmi, S. V., S V., Srinivasan, R.
Kayalvizhi, and Bhuvaneswari, R.
2012. Studies on Conversion of
Carbohydrate content in the Mixture
of Vegetable Wastes into Biogas in a
Single Stage Anaerobic Reactor.

Research  Journal of Chemica
Sciences. Vol. 2(6): 66-71.
Diaz, L.F., L.L., Eggerthand Savage,

G.M., 2007. Management of solid
wastes in developing countries.
IWWG Monograph. CISA publisher.

Drapcho, C.M., N.P., Nhuan, and Walker,
T.H. 2008. Biofuels Engineering
Process Technology. McGraw Hill.
pp.371.

Elango D., M. Pulikesi, P. Baskaralingam,
V. Ramamurthi, and Sivanesan, S,
2006. Production of biogas from
municipal solid waste with domestic
sewage. J. Hazard. Mater. 141: 301-
304.



Int.J.Curr.Microbiol.App.Sci (2015) 4(4): 488-493

Fezzani, B., and Chelkh, R.B. 2010. Two-
phase anaerobic co-digestion of olive
mill  wastes in semi-continuous
digesters at mesophilic temperature.
Bioresour. Technol. 101: 1628-1634.

Hartmann, H., and Ahring, B.K. 2005.
Anaerobic Digestion of the Organic
Fraction of Municipal Solid Waste:

Influence of Co-digestion with
Manure. Water Research. 39(8):
1543-1552.

Islam, M., B. Salam and Mohgan, A. 2009.
Generation of biogas from anaerobic
digestion of vegetable waste.
Proceedings of the International
Conference on Mechanical
Engineering (2009) (ICME2009) 26-
28  December 2009, Dhaka,
Bangladesh. pp 1-3.

Kale, S. P. and Mehetre, S. T. 2006. Kitchen
Waste Based Biogas Plant, Nuclear

Agriculture and  Biotechnology
Division, Bhabha Atomic Research
Centre, India

Kapdan, I.K., and Kargi, F. 2006. Bio-
hydrogen production from waste
materials. Enzyme Microbia Technol.
38: 569-582.

Kavitha, E. S., and Joseph, K. 2008.
Biomethanation of vegetable wastes.
Journal of the IPHE, India. 3: 9-12.

Kim, JK., O.B. Rock, Y.N. Chun, and Kim
SW. 2006. Effects of Temperature
and Hydraulic Retention Time on
Anaerobic Digestion of Food Waste.
Journal of Bioscience and
Bioengineering. 102(4): 328-332.

Kuglarz, M., and Mrowiec, B. 2010. Co-
digestion of municipal biowaste and
sewage sludge for biogas production.
Retrieved January 13, 2010, from

Department of land and water
resources technology, KTH Royal
Institute of Technology:

492

Kumar, A., P. Miglani, R.K. Gupta, and
Bhattacharya, T.K. 2006. Impact of
Ni(Il), Zn(ll) and Cd(ll) on
biogassification of potato waste.
Journal of Environmental Biology.
27(1): 61-66.

Kumar, D., M. Khare, and Alappat, B.J.
2001. Leachate generation from
municipal landfills in New Delhi,
India. 27th WEDC Conference on
People and Systems for Water,
Sanitation and Health, Lusaka,
Zambia.

Kumar, S, JK. Bhattacharyya, A.V.,
Chakrabarti, T.S., Devotta, and
Akolkar, A. 2009. Assessment of the
status of municipal solid waste
management in metro cities, state
capitals, class | cities, and class Il
towns in Indiaz An insight, Waste
Management, 29: 883-895.

Kumar, S., S. Mukherjee, and Devotta, S.
2010. Anaeerobic  digestion  of
vegetable market waste in India
World Review of Science, Technology
and Sustainable Development.7(3):
217 - 224.

Lama, L., SP. Lohani, R. Lama, and
Adhikari, JR. 2012. Production of
biogas from kitchen. Rentech
Symposium Compendium, 2:14-18.

Lama, L., SP., Lohani, R., Lama, and
Adhikari, JR. 2012. Production of
biogas from kitchen. Rentech
Symposium Compendium, 2:14-18.

Lee, D.H., SK., Behera, J.,, Kim, and Park,
H.S., 2009. Methane production
potential of leachate generated from
Korean food waste recycling facilities:
a lab scale study. Waste Manage. 29:
876-882.

Lindorfer, H. R., Waltenberger, K., Kollner,
R. Braun, and Kirchmayr, R. 2008.
New data on temperature optimum
and temperature changes in energy


http://www.lwr.kth.se/forskningsprojekt/Poli
shproject/rep16/KuglarzMrowiec.pdf

Int.J.Curr.Microbiol.App.Sci (2015) 4(4): 488-493

crop digesters. Bioresource
Technology 99: 7011-7019.

Liu, C. fang et a., 2007. Prediction of
methane yield at optimum pH for
anaerobic digestion of organic fraction
of municipal solid waste. Bioresource
Technology, 99: 882-888.

Liu, C, X., Yuan, G., Zeng, W., Li,and Li,
J., 2008. Prediction of methane yield
at optimum pH for anaerobic digestion
of organic fraction of municipa solid
waste. Bioresour. Technol. 99: 882—
888.

Liu, X., X. Gao, W. Wang, L. Zheng, Y.
Zhou and Yifel, S. 2012). Pilot-scale
anaerobic co-digestion of municipal
biomass waste: Focusing on biogas
production and GHG reduction.
Renewable Energy. 44: 463-468.

Mondal, C., and Biswas, G.K. 2012. A
comparative study on production of
biogas using green and dried vegetable
wastes by anaerobic batch digestion
drocess. RESEARCH INVENTY:
International Journal of Engineering
and Science. 1(6): 01-06.

Qjolo, S.J, A.l., Bamgboye, B.S. Ogunsina,
and Oke, SA. 2008. Anaytica
approach  for predicting biogas
generation in a municipal solid waste
anaerobic digester, Iran. J. Environ.
Health. Sci. Eng., 5(3):179-186.

Ostrem, K., and Themelis, N. J. 2004.
GREENING WASTE : ANAEROBIC
DIGESTION FOR TREATING THE

ORGANIC FRACTION OF
MUNICIPAL SOLID WASTES.
Avallable at:

Panyue, Z., G. Zeng, G. Zhang, Y. Li and
Zhang, B. 2008. Anaerobic co-
digestion of biosolids and organic
fraction of municipal solid waste by
sequencing batch  process. Fuel
Process. Technol. 89: 485-489.

493

Park, Y., H., Tsuno, T., Hidaka, and Cheon,
J., 2008. Evaluation of operational
parameters in  thermophilic acid
fermentation of kitchen waste. J.
Mater. Cycl. Waste Manage. 10: 46—
52.

Poliafico, M., 2007. Anaerobic digestion:
decision support software. Masters
thesis, department of civil, structura
and environmental engineering. Cork
institute of technology, Cork, Ireland.

R. a G. L. Alvarez, 2008. The effect of
temperature variation on
Biomethanation at high altitude,
Bioresource Technology, 99:. 7278-
7284.

Ranade, D. R., T.Y. Yeole, Godbole, S.H.
1987. Production of biogas from
market waste, Biomass, 13: 147-153.

Rao, M.S., and Singh, S.P. 2004. Bioenergy
conversion studies of organic fraction
of municipal solid waste: Kinetic
studies and gas yield-organic loading
relationships for process optimization,
Bioresource Technology. 95: 173-185.

Rathi, S., 2006. Alternative approaches for
better  municipal  solid  waste
management in  Mumbai, India
Journal of Waste Management 26
(20): 1192-1200.

Riau, V. D., M.A., Rubia and Perez, M.
2010. Temperature-phased anaerobic
digestion (TPAD) to obtain class A
biosolids: a semi-continuous study.
Bioresour. Technol. 101: 2706-2712.

Velmurugan, B., and Ramanujam, R. A.
2011. Anaerobic Digestion of
Vegetable Wastes for Biogas
Production in a Fed-Batch Reactor.
Int. J. Emerg. Sci., 1(3): 478-486.

Zhu, D., P.U., Asnani, C. Zurbrugg, S.

Anapolsky, and Mani, S. 2008.
Improving municipal solid wa.
Zurbrugg, C., 2002, Solid Waste

Management in developing countries,
Sandec, Dibendorf.


http://www.seas.columbia.edu/earth/w
tert/sofos/Ostrem_Thesis_final.pdf

