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ABSTRACT

ABD (Anaerobic Biodegradability) and BMP (Biochemical Methane Potential) of banana plant waste,

canola straw, cotton stalks, rice straw, sugarcane trash and wheat straw co-digested with buffalo dung

was evaluated through AMPTS (Automatic Methane Potential Test System). The substrates were analyzed

for moisture, TS (Total Solids) and VS (Volatile Solids), ultimate analysis (CHONS), pH and TA (Total

Alkalinity). The BMPobserved during incubation of 30 days at the temperature of 37±0.2°C was 322 Nml

CH4/g VSadd for wheat straw followed by 260, 170, 149, 142 and 138 Nml CH4/gVSadd for canola straw,

rice straw, cotton stalks, banana plant waste and sugarcane trash respectively, whereas the maximum

theoretical BMP was 481 Nml CH4/gVSadd for cotton stalks, followed by 473, 473, 446, 432 and 385 Nml

CH4/gVSadd for wheat straw, banana plant waste, canola straw, rice straw and sugarcane trash respectively.

The percentage ABD values were in the range of 68-30%. In addition to this, the effect of lignin content

in the crop residue was evaluated on the ABD. The results of this study indicate that, the co-digestion of

the crop residues with buffalo dung is feasible for production of renewable methane.

Key Words: Anaerobic Biodegradability, Methane Potential, Automatic Methane Potential Test

System, Crop Residue, Buffalo Dung.
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1. INTRODUCTION

and global warming [2]. Bio-methane is the most

appropriate technique to convert agricultural biomass

into a renewable energy source. An extensive array of

crops and their residues, animal droppings and other

different types of organic wastes can be used as

feedstock for an AD [3-5]. Therefore AD has wide

flexibility and can be modified to fulfill the precise

requirements in management of agricultural farms [6].

Bio-methane production is often suggested in situations
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Anaerobic Digestion (AD) involves

disintegration of carbon-based material in

molecular free oxygen (O2) atmosphere. It

results in formation of methane (CH4), carbon dioxide

(CO2), ammonia (NH3) and other low molecular weight

trace gases and carbon-based acids [1]. Formation of

CH4 through AD (bio-methane) is a clean and renewable

source of energy. It can substitute fossil fuels and can

decrease environmental pollution including acid rains
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where animal dung is used as a major source of energy.

The potential advantages of biogas from animal dung

includes the replacement of an inefficient fuel with a

more efficient and flexible one, the recovery of the

fertilizer, which is lost if the animal dung is burned, and

the benefits to public health (especially in reducing

eye and lungs diseases) if the cleaner, less smoky biogas

is used [7].

In addition to the animal waste, biogas can also be
produced from the crop residue waste, which are being
wasted or inefficiently used as reported by Sahito, et. al.
[8]. The most important crop residues wasted in district
Sanghar of Pakistan were banana plant waste, canola
straw, cotton stalks, rice straw and sugarcane trash.
These crop residues are either utilized conventionally
for cooking, heating and backing bricks in brick kilns or
being burnt into the agricultural fields and are wasted
without getting any benefit from them. Such an open
burning of crop residues can pollute environment [9-10].
Open burning of biomass is a source of greenhouse
gases, including CO2, CO, CH4, nitrous oxide (N2O) and
nitrogen oxide (NOx) [11]. It contributes aerosols and
hydrocarbons to the atmosphere, because of the

incomplete combustion process [12]. Biomass open

burning is also the cause of lost nutrients and organic

matter [13].

Biomass energy in crop residue and animal dung can be

transformed into heat energy directly by adopting

burning process or indirectly by first transforming them

into secondary fuel as hydrogen, bio-methane, methanol

or ethanol. Moreover, the heat can be utilized for space

heating, cooking, and backing or for generation of stem

followed by generation of electricity. Their transformation

route depends on number of factors that includes,

requirement of heat or steam, efficiency of the conversion

process, physical system employed, process economy

and its environmental consequences. Under most

situations, bi-methane has been proven a perfect fuel. In

comparison to the fossil fuels, bio-methane has very low

environmental consequences and produces very low

specific CO2 per unit of electricity generated. Furthermore,

due to CO2 neutral behavior, there is an increasing trend

towards use of bio-methane as vehicle fuel and for

generating electricity [2].

Wet or dry AD processes can be employed to digest

crop residues. In the agriculture management, it could be

done by processing crop residues with animal dung.

Controlled AD process not only provides renewable

energy, but also decreases greenhouse gases and

nitrogen oxides emissions and odor from animal dung

management [14]. In anaerobic co-digestion of crop

residues and animal dung, dung provides an extensive

range of macro and micro nutrients and buffering capacity.

The C/N (Carbon to Nitrogen) ratio of animal dung is low

as compared to crop residues, while the co-digestion

balances the C/N ratio and thus decreases the threat of

ammonia inhibition [12].

The crop residues are lignocellulosic materials. They

primarily comprise of three diverse polymers i.e. cellulose,

hemicellulose and lignin. These polymers are allied with

each other. Lignin is a most complex chemical compound,

and a constitutional part of the plant's cell wall. It was first

familiarized in 1819 and was derived from the Latin word

"lignum", which means wood [16]. Lignin is the utmost

copious renewable source of carbon on our planet, next to

hemicellulose and cellulose. It enhances mechanical

strength of the cell walls of wood and works as a cellulose

fiber binder [17]. It decomposes gradually and virtually

not yields net energy throughout its decomposition.

Globally it plays an important function of atmospheric

carbon sequestering. Because of high quantity available
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at a reasonable price, lignocellulosic biomass is an

attractive renewable feedstock for production of biofuels

[18-19]. As per biodegradability model, suggested by

Chandler, et. al. [20], the maximum biodegradability of the

lignin content crop residue under ideal condition would

be 80%.

The design and construction of full-scale anaerobic

digesters based on substrates from single or multiple

sources requires a good understanding of the physical

and biochemical characteristics of each individual

substrate. BMP tests, i.e. anaerobic biodegradability

assays, are used to determine the ABD and BMP of wastes

or biomass, as well as the biodegradation rate under

laboratory conditions. There are several methods exists

for determining BMP of biomass. The elementary approach

is to incubate a small amount of biomass with an anaerobic

inoculum at a desired temperature and to measure the bio-

methane production [21]. Generally methane is measured

in terms of normalized volume and its percentage in total

biogas production. Recently, Sambusiti, et. al. [22] have

studied the effects of particle size on production of

methane, in the same range 2, 1, 0.5 and 0.25mm particle

sizes and shows that there are not any significant

differences in terms of methane yields and kinetic

constants.

The main objective of present study was to evaluate the

suitability of co-digestion of crop residues, with buffalo

dung. It involves the assessment of the six crop residues

namely banana plant waste, canola straw, cotton stalks,

rice straw, sugarcane trash and wheat straw for their BMP

and ABD. For this crop residues were co-digested with

buffalo dung in AMPTS and scrutiny them for higher

methane production. In addition to this, the effect of

lignin content in the crop residue was evaluated on the

ABD.

2. METHODOLOGY

2.1 Preparation of Substrate

Six crop residues were collected from the fields of

Hyderabad division. To obtain the representative crop

residue sample, about 10-15 kg of each crop residue was

taken from the field and dried at room temperature. The

size of the dried crop residue samples were reduced by

using hammer mill followed by the coffee grinder and

brought up to the size of <1.0mm. The samples were placed

in to the plastic bags for later determination of their

characteristics and BMP.

2.2 Inoculum

Inoculum used in this study was the mixture of fresh

buffalo dung obtained from the small animal farm located

near MUET (Mehran University of Engineering &

Technology), Jamshoro, Pakistan and effluent of

mesophilic lab scale anaerobic digester treating buffalo

dung and working at 37±0.2°C. The ratio of buffalo dung

and effluent on the basis of mass of volatile solids was set

to 90:10 respectively.

2.3 Analytical Methods

MC (Moisture Content), TS, VS  and TA were determined

according to the Standard Methods [23].  The TA was

determined by titration and distillation methods

respectively for supernatant of the samples. The chemical

composition (as % dry basis) of all crop residue and buffalo

dung was determined with divanadium pentaoxide (V2O5)

by flash combustion method using the CHNS analyzer

(Thermo Scientific Flash EA series, USA). The values of

C, H, N and S content for all samples were measured by

instrument, whereas the % O content was determined as

per difference basis. The pH was measured with a
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hydrogen ion sensitive electrode using a Lovibond, Senso

Direct 150 pH meter.

The lignin in the crop residue samples were determined by

acid delignification method, similar to Inari, et. al. [24] and

Zhao, et. al. [25] with some modifications. Powdered crop

residue of 500mg in terms of TS was placed in a 100ml

Erlenmeyer flask containing 40ml of distilled water and

then heated at 80°C in water bath. Subsequently 2ml of

solution containing 15% of sodium chlorite (NaClO2) and

0.1ml of acetic acid (CH3COOH) were then added at every

hour for five times. The mixture was filtrated on a Buchner

funnel using vacuum pump and the residue was washed

with distilled water. Subsequently, the residue was dried

at the temperature of 105°C for the period of 24 hours to a

constant mass. The loss of weight of crop residue was the

measure of lignin content. For statistical significance lignin

content was determined in triplicate and the average values

were taken.

2.4 Preparation of Batch Assays

Batch assays were prepared by using AMPTS, which is a

laboratory setup to measure methane production as the

result from anaerobic digestion of biomass. It follows

similar principle as the conventional methane potential

tests. However, during the incubating period, its data

logging of volume and flow of methane is fully automatic.

Moreover, it is also compensating the gas pressure and

temperature at standard values (101.325 kPa and 273.15K).

The 500mL glass bottles were used as reactors and the

BMP assays were performed at the temperature of 37±0.2°C,

which is most favorable temperature to methanogenic

microorganisms [26]. The batch tests were accomplished

as triplicate experiments for statistical significance. Each

bottle was filled with 2g of VS of crop residue. The inoculum

to substrate ratio was kept as 2.5 on the basis of grams of

VS. After the inoculum and crop residue were added, each

bottle was filled up to 400ml with tap water. Three bottles

were filled as blanks, with only inoculum and tap water to

quantify the production of bio-methane, forming from the

inoculum alone. Moreover 1.5g of sodium hydrogen

carbonate (NaHCO3) was added in each bottle as buffer.

The bottles were sealed with hermetic rubber stoppers

having 2 metal tubes (one for inert gas inlet and other for

biogas exit) and 1 plastic tubing (for rotating shaft) and

then by placing the plastic screw thread cap on the top.

The bent stir rod of mixer was then connected to the DC

motor attached with the plastic screw thread cap by

carefully threading it into the Tygon tubing piece that is

connected to the motor. The purpose of the mixer is to

provide better contact of substrate and microorganisms.

Afterwards all reactors were placed in the water bath and

the motor connections were made in parallel and finally to

the gas measuring device for getting electric power. One

end of the metallic tubing of the reactor bottle was

connected to the CO2 separating bottle with the Tygon

tubing, while the other was closed by installing plastic

tubing clamps.

2.5 Setting CO2 Separation Unit and Gas
Volume Measuring Device

Methane can easily be separated by passing biogas from

the solution of sodium hydroxide (NaOH) [27-28]. The 3M

NaOH solution was used to absorb CO2. Moreover, in

NaOH solution 5ml of the 0.4% Thymolphthalein pH-

indicator solution was also added. The prepared solution

was then filled in 100ml CO2 separating glass bottle up to

80ml. The bottles were closed with hermetic rubber

stoppers having two metal tubes (one for inlet and second

for exit) and then sealed by placing the plastic lid on the

top, and screw until the thread on the bottle is no longer
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visible. One end of the CO2 separating bottle was

connected to the reactor bottle and the other to the gas

measuring device with the Tygon tubing. The BMP assays

were then flushed with Nitrogen gas (N2) for the period of

5 minutes, to ensure the anaerobic condition in the head

space of the reactors. The BMP assays were terminated

after 30 days. The complete arrangement of the automatic

methane potential test setup is shown in Fig. 1.

2.6 Theoretical and Observed Methane
Potential

The usual representation of organic material is with its

generalized formula i.e. CaHbOcNd. The BMPtheoretical was

calculated using Bushwell's Equation (1) [29], which
assumes that the all the biodegradable organic material
present in the substrate is converted to methane, CO2 and
ammonia.
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The observed methane gas production was obtained by

using Equation (2), where BMPobserved is the observed

biochemical methane potential (NmL CH4/g VSadd), Vino&sub

is the volume of methane produced by inoculum and

substrate (NmL CH4), Vino is the volume of methane

produced by inoculum alone (NmL CH4) and mVSsub is

mass of volatile solids in substrate (g VS).

submVS
inoVsubinoV

observedBMP
−

= &
(2)

2.7 ABD

The ABD was calculated by Equation (3), [30] in which

BMPobserved is observed biochemical methane potential,

achieved at the end of 30 days BMP test and BMPtheoretical

is theoretical BMP, calculated from Equation (1).

100(%) ×=
ltheoreticaBMP

observedBMP
ABD (3)

FIG. 1. AUTOMATIC METHANE POTENTIAL TEST SETUP
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3. RESULTS AND DISCUSSION

3.1 Characterization of Substrates

The characterization of the substrates is an important step
before they can be utilized in anaerobic digestion. The
results of ultimate analysis, gravimetric analysis, lignin
content and TA of the selected crop residues and buffalo
dung is given in Table 1. Results show that the crop
residues have substantial carbon content ranging from
39-45% on dry basis, whereas it is 38.6% for buffalo dung.
Similarly crop residues have high VS ranging from 83-96%
and buffalo dung has VS content of 71.8%. All the crop
residues are acidic in nature having pH ranging from 5.3
(cotton stalks) to 6.8 (banana plant waste) and have low
values of TA vary over the range of 100-1350mg CaCO3/L
for sugarcane trash and banana plant waste respectively,
whereas the buffalo dung is alkaline in nature with pH
value of 7.5 and TA of 1800mg CaCO3/L.

3.2 Batch Assays

The flow rate of methane from crop residues and
inoculum obtained at the incubation of 30 days at the
temperature of 37±0.2°C is shown in Fig. 2. It can be
observed that the production of methane decreases

remarkably after 20 days of incubation. The methane
production within first 15 days of the test was ranging
from 68-76%, whereas within 20 days it accounts from
85-91% of the total methane produced within 30 days
of BMP test. The digester retention time is the key
process design constraint that is selected to ensure
that the microorganisms in the reactor have adequate
time to grow and reproduce [30]. Simultaneously it is
important for economic success to ensure that the
digester is operated at the maximum rate of gas
production. For the six crop residues the 20 days
retention time may be kept.

3.3 Results of BMP and ABD

The BMP value is the quantity of bio-methane produced

in a BMP assay and usually expressed in terms of per

gram of VS [21], while the ABD is the ratio between

observed and theoretical BMP values. Table 2 shows the

theoretical and observed BMP values of all six crop

residues along with their ABD, where BMP is represented

in NmL CH4/gVSadd. In addition to these, molar

composition equations for biogas production for each crop

residue are also stated.

TABLE 1. CHARACTERIZATION OF CROP RESIDUE AND BUFFALO DUNG

Characteristics Banana Canola Cotton Rice Sugarcane Wheat Buffalo
Plant Waste Straw Stalks Straw Trash Straw Dung

C (%TS) 40.74 43.44 45.02 37.64 40.69 42.68 38.62

H (%TS) 4.98 4.73 5.13 4.75 3.53 5.08 4.30

O (%TS) 35.99 39.75 37.91 36.95 41.23 35.83 40.12

N (%TS) 0.47 0.44 0.53 1.04 0.45 1.65 1.32

S (%TS) 0.11 1.02 0.44 0.23 0.14 0.25 0.15

Ash (%TS) 17.71 10.61 10.96 19.39 13.95 14.51 15.50

MC (%) 85.53 6.56 6.61 2.12 2.36 7.14 80.50

TS (%) 14.47 93.44 93.39 97.88 97.64 92.86 19.50

VS (%TS) 82.98 90.81 95.66 83.35 87.04 86.78 71.81

Lignin (%VS) 19.53 13.56 16.29 17.82 15.76 11.75 8.98

pH 6.80 5.40 5.30 6.00 5.40 5.50 7.50

TA (mg CaCO3/L) 1350 650 167 550 100 500 1800
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The maximum BMPobserved was 322 Nml CH4/gVSadd for wheat
straw, which was 7% higher than reported by Nallathambi
[3]. The second highest BMP observed was 260 Nml CH4/
gVSadd for canola straw, which was 8% higher than reported
by Lehtomaki, et. al. [31]. The BMP obtained for rice straw
was 170 Nml CH4/gVSadd, whereas Chandra, et. al. [32] has
achieved only 132.7 Nml CH4/gVSadd. Cotton stalks
produce 149 Nml CH4/gVSadd, which was 56% higher than
reported by Isic, [33]. Methane production from banana
plant waste was 142 Nml CH4/gVSadd, while Kalia, et. al.
[34] achieved higher BMP as 267 Nml CH4/gTSadd, by giving
thermal treatment to banana plant waste. The BMP for
sugarcane trash was observed as 138 Nml CH4/gVSadd, in
comparison to the 360 Nml CH4/gTSadd achived by

Chanakya, et. al. [35]. This higher methane production
was due to the lower VS of substrate in BMP assays as
0.5g TS/L, if compared to 3.92g TS/L used in present study.

The maximum theoretical BMP was 481 Nml CH4/gVSadd

for cotton stalks, followed by 473, 473, 446, 432 and 385
Nml CH4/gVSadd for wheat straw, banana plant waste, canola
straw, rice straw and sugarcane trash respectively. The
theoretical BMP is always higher than the observed,
because the former accounts all organic matter
(biodegradable and non-biodegradable) [36]. Moreover
the ABD values for the selected crop residues were in the
range of 68-30%, and were higher for wheat straw and
lower for banana plant waste.

TABLE 2. MOLAR COMPOSITION EQUATION FOR BIOGAS, BMP AND ABD VALUES OF CROP RESIDUES

No. Name of Crop Residue Molar Composition Equation for Biogas BMPtheoretical BMPobserved ABD
(NmL CH4/gVSadd) (NmL CH4/gVSadd) (%)

1. Wheat Straw C30H43O19+11H2O→15CH4+14.9CO2+NH3 473 322 68.14

2. Canola Straw C115H149O79N+39H2O→56CH4+59.1CO2+NH3 446 260 58.33

3. Rice Straw C42H63O31N+12H2O→21CH4+21.3CO2+NH3 432 170 39.39

4. Sugarcane Trash C105H109O80N+39H2O→46CH4+59.6CO2+NH3 385 138 35.76

5. Cotton Stalks C99H134O63N+35H2O→50CH4+48.8CO2+NH3 481 149 31.02

6. Banana Plant Waste C101H147O67N+32H2O→52CH4+49.3CO2+NH3 473 142 29.95

FIG. 2. METHANE FLOW RATE FOR CROP RESIDUES AND BUFFALO DUNG
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3.4 Relation between ABD and Lignin
Content

Lignin and hemicellulose are not easily degraded under
anaerobic conditions [37]. The percentage ABD based on
the BMP test results and percentage lignin content in
selected crop residues is illustrated on primary and
secondary axis of Fig. 3. It is unevenly in agreement to the
Moller et al. [4], that there is an opposite relation between
the ABD and lignin content of the crop residues. The
correlation between the percentage ABD and percentage
lignin content of the selected crop residues is shown in
Fig. 4. The coefficient of correlation (R2) between ABD
and lignin content was calculated as 0.79 and was higher
than to 0.59 as reported by Tong, et. al. [38], whereas
Chandler et al. [20] has reported a high R2 value of 0.94.
This shows that the production of methane, by the
anaerobic degradation of lignocellulosic biomass cannot
be predicted exclusively based on its lignin content.

4. CONCLUSIONS

The present results show that, the selected crop residues
are acidic in nature and require some buffer, if used for
anaerobic digestion. Buffalo dung can provide partial
alkalinity if co-digested with crop residues. The 30 days
BMP of selected crop residues were in the range of 322-
138 Nml CH4/gVSadd for wheat straw and sugarcane trash
respectively, whereas the maximum theoretical BMP were
in the range of 481-385 Nml CH4/gVSadd for wheat straw
and sugarcane trash respectively. Moreover, they have
high percentage of VS content ranging from 83-96%, but
have low percentages of ABD's ranging from 30-68%. The
low percentages of ABD are because of the lingo-cellulose
nature of the crop residues, as unevenly higher the lignin
content, lower will be the biodegradability.

Furthermore, the anaerobic co-digestion of wheat straw,
canola straw and rice straw with buffalo dung is feasible
for production of methane, as they have substantial
percentages of ABD (>40%) without any thermal, acidic
or alkaline treatment. It is believed that methane production
from wasted crop residues (canola straw and rice straw)
and buffalo dung is a renewable and sustainable energy
source, which can contribute in primary energy supply
and agricultural waste minimization and decrease in
environmental pollution.

ACKNOWLEDGEMENT

The authors are wishing to acknowledge Mehran
University of Engineering & Technology, Jamshoro, Sindh,
Pakistan, for their support to carry out this research work.

REFERENCES

[1] Lopes, W.S., Leitw, V.D., and Prasad, S., "Influence of
Inoculum on Performance of Anaerobic Reactors for
Treating Municipal Solid Waste", Bioresource
Technology, Volume 94, pp. 261-266, 2004.

[2] Chynoweth, D.P., Owens, J.M., and Legrand, R.,
"Renewable Methane from Anaerobic Digestion of
Biomass", Renewable Energy, Volume 22, pp. 1-8, 2001.

FIG. 3. LIGNIN CONTENT OF CROP RESIDUES AND THEIR
ABD

FIG. 4. CORRELATION BETWEEN ABD AND LIGNIN
CONTENT OF CROP RESIDUES



Mehran University Research Journal of Engineering & Technology, Volume 32, No. 3, July, 2013 [ISSN 0254-7821]
517

Anaerobic Biodegradability and Methane Potential of Crop Residue Co-Digested with Buffalo Dung

[3] Nallathambi, G.V., "Anaerobic Digestion of Biomass for
Methane Production: A Review", Biomass Bioenergy,
Volume 13, pp. 83-114, 1997.

[4] Moller, H.B., Sommer, S.G., and Ahring, B.K., "Methane
Productivity of Manure, Straw and Solid Fractions of
Manure", Biomass Bioenergy, Volume 26, pp. 485-495,
2004.

[5] Neves, L., Oliveira, R., and Alves, M.M., "Anaerobic
Co-Digestion of Coffee Waste and Sewage Sludge", Waste
Management, Volume 26, pp. 176-181, 2006.

[6] Klimiuk, E., Pokój, T., Ski, W.B., and Dubis, B.,
"Theoretical and Observed Biogas Production from Plant
Biomass of Different Fiber Contents", Bioresource
Technology, Volume 101, pp. 9527-9535, 2010.

[7] Barnett, A., Pyle, L., and Subramanian, S.K., "Biogas
Technology in the Third World: Multidisciplinary
Review", Ottawa, Ont., IDRC, 1978.

[8] Sahito, A.R., Mahar, R.B., Memon, M.A., and Brohi,
K.M., "Assessment of Waste Agricultural Biomass for
Prevailing Management, Quantification and Energy
Potential at Sanghar Pakistan", Waste and Biomass
Valorization, Volume 3, pp. 275-284,  DOI 10.1007/
s12649-012-9132-8, 2012.

[9] Cao, G.L., Zhang, X.Y., Gong, S.L., and Zheng, F.C.,
"Investigation on Emission Factors of Particulate Matter
and Gaseous Pollutants from Crop Residue Burning",
Journal of  Environmental Science, Volume 20,
pp. 50-55, 2008.

[10] Yang, S.J., He, H.P., Lu, S.L., Chen, D., and Zhu, J.X.,
"Quantification of Crop Residue Burning in the Field
and its Influence on Ambient Air Quality in Suqian,
China", Atmosphere Environment, Volume 42,
pp. 1961-1969, 2008.

[11] Koppmann, R., Czapiewski, K.V., and Reid, J.S., "A
Review of Biomass Burning Emission, Part-I: Gaseous
Emissions of Carbon Monoxide, Methane, Volatile
Organic Compounds, and Nitrogen Containing
Compounds", Atmospheric Chemistry and Physics,
Volume 5, pp. 10455-10516, 2005.

[12] Duan, F., Liu, X., Yu, T., and Cachier, H., "Identification
and Estimate of Biomass Burning Contribution to the
Urban Aerosal Organic Carbon Concentrations in
Beijing", Atmosphere Environment, Volume 38,
pp. 1275-1282, 2004.

[13] Cheewaphongphan, P., and Garivait, S., "Bottom up

Approach to Estimate Air Pollution of Rice Residue

Open Burning in Thailand", Asia-Pacific Journal of

Atmospheric Science, Volume 49, No 2, pp. 139-149,

DOI:10.1007/s13143-013-0015-0, 2013.

[14] Clemens, J., Trimborn, M., Weiland, P., and Amon, B.,

"Mitigation of Greenhouse Gas Emissions by Anaerobic

Digestion of Cattle Slurry", Agriculture Ecosystem

Environment, Volume 112, pp. 171-177, 2006.

[15] Hashimoto, A.G., "Conversion of Straw-Manure Mixtures

to Methane at Mesophilic and Thermophilic

Temperatures", Biotechnology Bioengineering,

Volume 25, pp. 185-200, 1983.

[16] Sjöström E., "Wood Chemistry; Fundamentals and

Applications", Academic Press, ISBN 0-12-647480-X,

1993.

[17] Chabannes, M., Ruel, K., Yoshinaga, A., Chabbert, B.,

Jauneau, A., Joseleau, J.P., and Boudet, A.M., "In Situ

Analysis of Lignins in Transgenic Tobacco Reveals a

Differential Impact of Individual Transformations on

the Spatial Patterns of Lignin Deposition at the Cellular

and Subcellular Levels", Plant Journal, Volume 28, No 3,

pp. 271-282, 2001.

[18] Kaparaju, P., Serrano, M., and Angelidaki, I., "Effect of

Reactor Configuration on Biogas Production from Wheat

Straw Hydrolysate", Bioresource Technology,

Volume 100, No. 24, pp. 6317-6323, 2009.

[19] Sanchez, O.J., and Cardona, C.A., "Trends in

Biotechnological Production of Fuel Ethanol from

Different Feedstocks", Bioresource Technology,

Volume 99, No. 13, pp. 5270-5295, 2008.

[20] Chandler, J.A., Jewell, W.J., Gossett, J.M., Vansoest, P.J.,

and Robertson, J.B. "Predicting Methane Fermentation

Biodegradability", Biotechnology Bioengineering,

Volume 22, pp. 93-107, 1980.

[21] Hansen, T.L., Schmidt, J.E., Angelidaki, I., Marca, E.,

Jansen, J.C., and Mosbaek, H., "Method for

Determination of Methane Potentials of Solid Organic

Waste", Waste Management, Volume 24, pp. 393-400,

2004.



Anaerobic Biodegradability and Methane Potential of Crop Residue Co-Digested with Buffalo Dung

Mehran University Research Journal of Engineering & Technology, Volume 32, No. 3, July, 2013 [ISSN 0254-7821]
518

[22] Sambusiti, C., Ficara, E., Malpei, F., Steyer, J.P., and
Carre`re, H., "Effect of Particle Size on Methane
Production of Raw and Alkaline Pre-treated Ensiled
Sorghum Forage", Waste and Biomass Valorization, DOI
10.1007/s12649-013-9199-X, 2013

[23] APHA (American Public Health Association), "Standard
Methods for the Examination of Water and Wastewater",
20th Edition Washington, DC, 1998.

[24] Inari, G.N., Mounguengui, S., Dumarcay, S., Petrissans,
M., and Gerardin, P., "Evidence of Char Formation
During Wood Heat Treatment by Mild Pyrolysis",
Polymer Degradation Stablization, Volume 92,
pp. 97-1002, 2007.

[25] Zhao, R., Zhang, Z., Zhang, R., Li, M., Lei, Z., Utsumi,
M., and Sugiura, N., "Methane Production from Rice
Straw Pretreated by a Mixture of Acetic-Propionic Acid",
Bioresource Technology, Volume 101, pp. 990-994,
2010.

[26] Krishania, M., Kumar, V., Vijay, V.K., and Malik, A.,
"Analysis of Different Techniques Used for
Improvement of Biomethanation Process: A Review",
Fuel, 2013, http://dx.doi.org/10.1016/j.fuel.2012.12.007

[27] Shanmugam, P., and Horan, N.J., "Simple and Rapid
Methods to Evaluate Methane Potential and Biomass
Yield for a Range of Mixed Solid Wastes", Bioresource
Technology, Volume 100, pp. 471-474, 2009.

[28] Borja, R., Martin, A., Alonso, V., Garcia, I., and Banks,
C.J., "Influence of Different Aerobic Pretreatments on
the Kinetics of Anaerobic Digestion of Olive Mill
Wastewater", Water Recourses, Volume 29, No. 2,
489-495, 1995.

[29] Sosnowski, P., Wieczorek, S., and Ledakowicz, S.,
"Anaerobic Co-Digestion of Sewage Sludge and Organic
Fraction of Municipal Solid Waste", Advances in
Environmental Resources, Volume 7, pp. 609-616, 2003.

[30] Heo, N.H., Park, S.C., and Kang, H., "Effects of Mixture
Ratio and Hydraulic Retention Time on Single-Stage
Anaerobic Co-Digestion of Food Waste and Waste
Activated Sludge", Environmental Science and Health,
Part-A, Volume 39, No. 7, pp. 1739-1756, 2004.

[31] Lehtomaki, A., Viinikainen, T.A., and Rintala, J.A.,
"Screening Boreal Energy Crops and Crop Residues for
Methane Biofuel Production", Biomass and Bioenergy,
Volume 32, pp. 541-550, 2008.

[32] Chandra, R., Takeuchi, H., and Hasegawa, T.,
"Hydrothermal Pretreatment of Rice Straw Biomass, A
Potential and Promising Method for Enhanced Methane
Production", Applied Energy, Volume 94, pp. 129-140,
2012.

[33] Isci, A., and Demirer, G.N., "Biogas Production Potential
from Cotton Wastes", Renewable Energy, Volume 32,
pp. 750-757, 2007.

[34] Kalia, V.C., Sonakya, V., and Raizada, N., "Anaerobic
Digestion of Banana Stem Waste", Bioresource
Technology, Volume 73, pp. 191-193, 2000.

[35] Chanakya, H.N., Ramachandra, T.V., and
Vijayachamundeeswari, M., "Resource Recovery
Potential from Secondary Components of Segregated
Municipal Solid Wastes", Environment Monitoring
Assessment, DOI 10.1007/s10661-007-9712-4.

[36] Davidsson, A., Gruvberger, C., Christensen, T.H., Hansen,
T.L., and Jansen, J.C., "Methane Yield in Source-Sorted
Organic Fraction of Municipal Solid Waste", Waste
Management, Volume 27, pp. 406-414, 2007.

[37] Lissens, G., Thomsen, A.B., De Baere, L., Verstraete,
W., and Ahring, B.K., "Thermal Wet Oxidation Improves
Anaerobic Biodegradability of Raw and Digested
Biowaste", Environmental Science and Technology,
Volume 38, pp. 3418-3424, 2004.

[38] Tong, X., Smith, L.H., and McCarty, L., "Methane
Fermentation of Selected Lignocellulosic Materials",
Biomass, Volume 21, pp. 239-255, 1990.


