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ABSTRACT

In several regionsof the Pakistan, crop cultivation isleading tothe production crop residuesand its
disposal problems. It hasbeen suggested that the co-digestion of thecrop residueswith thebuffalo dung
might beadisposal way for thewasted portion of thecrops residue. Theobjectiveof present study wasto
optimizetheanaer obic co-digestion of canola straw and thebuffalo dung through batch experimentsin
order toobtain maximum methaneproduction. Theoptimization wascarried out in threestages. In first
stage, thebest canolastraw to buffalodungratiowasevaluated. | n second stage, thebest concentr ation of
sodium hydr ogen car bonate was assessedasthealkaline pr etr eatment chemical, whereasin thethird
stage most suitable particle size of the canola strawwas evaluated. The assessment criteria for the
optimization of aco-digestion werecumulativemethaneproduction and ABD (Anaer obic Biodegr adability).
Theresultsyield that anaer obic co-digestibility of thecanola straw and the buffalo dung isobviously
influenced by all thethreefactor sof optimization. Themaximum methaneproduction wasobtained as911
NmL from thecanolastraw to buffalodungratio of 40:60, thealkalinedoze of 0.6 gNaHCO,/ gVSand
canolastraw particlesizeof 2mm. However, because of thehigher shredding cost to produce2mm sized
canolastraw, particlesize4mm could bethebest canolastraw particlesize.

KeyWords: Anaerobic, Co-Digestion, Canola Straw, Buffalo Dung, Methane Optimization,
AlkalineDoze.

INTRODUCTION

naerobic digestion isabiochemical processthat
decomposes organic matter to biogas which
mainly consists of carbon dioxide (CO,) and
methane (CH,) by aconcentrated action of several types
of microorganisms. It is a well-recognized process that
treats several categories of liquid and solid organic waste
[1]. Production of biogasfrom agricultural wasteisgetting
great significance as it offers substantial environmental

benefits [2] and is asupplementary source of profits for
crop growers. On the contrary, production of biogasfrom
animal waste reduces the emissions of methane during
storage of dung and also improvesthefertilizer quality of
the digestate. Most of the biodegradable matter in the
animal dung is digested in the first stomach and in the
intestine. Thus, animal dung has a lesser potential to

produce biogas than the crop residues, but animal dung
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has high alkalinity which can be utilized inthe co-digestion
with the acidic crop residues like canola straw [3].
Moreover, biogas produced from the animal dung hasless
concentration of methane [4].

In several regions of the Pakistan, production of crop
residuesincluding banana plant waste, cotton gin waste,
rice straw, canola straw, Sugarcane trash and cotton
stalks is leading to a solids disposal problems [5]. It
has been suggested that the co-digestion of the crop
residues with the buffalo dung might be a disposal way
for the wasted portion of the crops' residue [6].
Monetary efficiency of the successful anaerobic
digestion process not only be governed by the
investment and operating cost of the biogas plant, but
also on the optimum methane production.

Production of methane from organic matter primarily
depends on the content of substances that can be
degraded into a biogas, while their composition and
biodegradability are the key factors for the methane
production [4]. Biomass from the crops chiefly contains
cellulose, hemicelluloseand lignin [ 7], out of theselignin
is poorly degraded in anaerobic conditions. Hydrolysis
is the rate-limiting step in anaerobic digestion of solid
materials such as energy crops and crop residues [8].
Pre-treatments can be carried out either mechanically,
chemically or biologically, or as combinations of these
[9]. The mechanical pre-treatment leadsto aparticle size
reduction of the biomass, thus increasing the surface
areaof cellulose. Chemical pre-treatmentsare categorized
as acidic, alkaline, oxidative, and ionic liquids pre-
treatments. Among them, alkaline pre-treatments are

efficient in altering the structure of lignin [10].

The objective of present study was to optimize the
anaerobic co-digestion of canola straw and the buffalo

dung through batch experiments in order to obtain

maximum methane production. The optimization was
carried out in three stages. In first stage, the best canola
straw to buffalo dung ratio of was evaluated. In second
stage, the best concentration of sodium hydrogen
carbonate (NaHCO,) was assessed as the alkaline
pretreatment chemical, whereas in the third stage most
suitable particle size of the canola strawwas evaluated.
The assessment criteria for the optimization of a co-

digestion were cumulative methane production and ABD.
2. METHODOLOGY

21  Optimization of Co-Digestion in Batch

Experiments

The present study comprises of three stages optimization
of the anaerobic co-digestion of the canola straw and the
buffalo dung. Theblocksdiagram of thestudy is presented
inFig. 1. The optimization was carried out in three stages
of the batch experiments i.e. canola straw to buffalo
dungratio optimization, alkaline doze optimization and
canola straw particle size optimization. In thefirst stage,
theratio of canolastraw and buffal o dung was optimized,
keeping the constant pH in all the batch assays and using
the canolastraw of sizelessthan Imm. ThepH inall batch
assays was maintained to 8.0 by adding the 2M NaHCO,
solution. On the basisof volatile solids, six ratios of canola
straw and buffalo dung were employed for optimization
i.e. 10:90, 20:80, 30:70, 40:60, 50:50 and 60:40 and are
designated asratio R1-R6 respectively.

In the second stage, the best ratio of the canola straw and
buffalo dung was further optimized for the alkaline doze,
whereas the size of the canola straw was taken as less
than Imm. The second stage involves the selection of
best concentration of NaHCO,, which can be added asthe
pr-etreatment chemical. Literature revels that the biogas

production of corn stalk, spruce and birch can beimproved

Mehran University Research Journal of Engineering & Technology, Volume 33, No. 1, January, 2014 [ISSN 0254-7821]

50



Anaerobic Co-Digestion of Canola Straw and Buffalo Dung: Optimization of Methane Production in Batch Experiments

by employing alkaline dozing as a pretreatment method,
which removesapart of thelignin and hemicellulose, and
thus improves the efficiency of the anaerobic digestion
process[11-12]. Six different quantities of NaHCO, were
used based on the volatile solid content in the each reactor
i.e.0.2,0.3,04,0.5,0.6 and 0.7 gNaHCO,/gVS and are
designated as doze D1-D6 respectively.

In the third stage, the best ratio of the canola straw to
buffal o dung along with the best concentration of NaHCO,
was used to optimize the canolastrawparticle size. Particle

CANOLA STRAWJ

¥ ¥

FIRST STAGE OF OPTIMIZATION

BUFFALO DUNGJ

size of the canolastraw is one of theimportant factorsthat
not only influence the anaerobic digestion process but
also on the efficiency of the biogasplant. In present study,
six different particle sizes of the canola straw were used
i.e. lessthan, 2, 4, 6, 8, and 10mm and are designated as
size S1 to S6 respectively. The size reduction of the canola
straw was done by using the hammer mill along with the
respected shredding plate of 2,4,6,8 and 10mm sizes,
whereasthe lessthan 1mm size was obtained by grinding
6mm particle sized canolastraw through coffee grinder.

f
ALKALINE DozE

canola straw to

BEST
CANOLA STRAW TO
BuFFALO DunG
RATIO

used.

2> Size of

\was <1mm.

buffalo dung ratio
from the first stage
of optimization was

canola straw used

2M NaHCO,
RaTIO OF 'S i (Nchos)
| canoLa Straw Tof PR _10:90 ) Solution
BufFFaLo DunG
(20:80 )
-
> The pHof N 30:70 ) SECOND STAGE OF OPTIMIZATION rCANOLA STRAW
reactors were
Eyagnéggﬁgdzm 8.0 rg 40:60 ) ALKALINE DozE Size
NaHCO, Solution. - (gNaHCO,/ gVs)
[ 50:50 )
> Size of
canola straw used
was <1mm. 60:40 § 3 V
\

THIRD STAGE OF OPTIMIZATION

CANOLA STRAW
Size

2> Best
canola straw to
/ buffalo dung ratio

ALKALINE DOzZE

from the first stage
of optimization was
used.

> Best
alkaline doze from
second stage of

optimization was
\used.

BEST
CANOLA STRAW
Size

FIG. 1. BLOCKS DIAGRAM OF STUDY
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2.2  Formulation of Batch Assays

The batch assayswererun asduplicateson amptsAMPTS
(Automatic Methane Potential Test System), and for
statistical significance the average values were taken as
the final results. 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 [13]. All
reactors were charged with 5g of VS of the substrate
(mixture of canolastraw and buffalo dung) and 20 mL of
inoculum. Theinoculum wasthe digestate of the anaerobic
reactor, which wastreating buffalo dung at thetemperature
of 37+0.2°C. After wards, all reactorswerefilled up to 400
mL of volume with distilled water and were hermetically
sealed with rubber stoppers. Beforeincubation, al reactors
were purged with nitrogen gas, whereasNaHCO, was used
as the buffer. The contents of the reactors were mixed
intermittently through the electric motors, which run for
30 seconds after every 600 seconds. The methane was
measured in NmL (normalized milliliters) [4], after
absorption of the CO, through 3M NaOH solution [3].

2.3 Feedstock Char acterization

The feedstock of the present study was the buffalo dung
and the canola straw. Their weight percentages of the C
(carbon), O (oxygen), H (hydrogen), N (nitrogen) and S
(sulfur), pH values and percentages of MC (Moisture
Content), TS(Tota Solids) and VS (Volatile Solids) were
determined as per standard methods as stated in previous

characteristic of any type biomass, whichisdirectly related
to the cost and storage of feedstock [14]. It also influences
on the biomass handling system in any biological
processes [15]. The bulk density of the different particle
sized canola straw was determined by dividing the net
mass of the straw by volume of the container. It was done
by filling the known volume beaker with the canolastraw
and after tapping the beaker;it was weighedon electronic
balance to obtain the net mass of the canola straw.

24  AnaerobicBiodegradability

TheABD wasestimated by using Equation (1) [16], where
ABD intermsof percentage, BMP, _ _ isthebiochemical
methane potentia observed during the period of incubation
of feedstockin NmLand BMP, . is biochemical

methane potential in NmL that can be theoretically
achieved.

Observed

BMP,

theoretical

ABD = x 100

@

The BMP,_ ..., Was estimated by employing the
theoretical equation of Bushwell and Mueller Equation (2)
[17]. According to Tchobanoglous, et. al. [18], Equation
(2) assumes that the whole biodegradable material is
converted into methane (CH,), carbon dioxide (CO,),
ammonia (NH,) and hydrogen sulfide (H,S). In Equation
(2), the subscripts a,b,c,d and e are the mole fractions of
theelemental C,H,O,N and Srespectively.

(4a—20+3d—2e)H (4a+b—3d-2e)

study [3] and are givenin Table 1. After reducing the size C,H,O,N,S + 0~ P
of the canola straw, its each designated particle size was o (42-b+2c+3d + 2€) O N et (%)
analvzed for bulk densitv. Thebulk density isasianificant " R 2 O, &,
TABLE 1. CHARACTERISTICS AND THEORETICAL BMP OF THE FEEDSTOCK
Weight Dry Basis (%)
Feedstock H MC (%) | TS (%) |VS(©T9) BMPparca
c H N o s P ’ ° °T9) | (NmL/gvs)
Buffalo Dung | 38.62 4.30 1.32 40.12 0.15 7.50 80.50 19.50 71.81 391
Canola Straw | 43.44 4.73 0.44 39.75 1.02 5.40 6.56 93.44 90.81 439
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Considering the atomic masses of C,H,O,N and Sin
Equation (2), it can be modified as Equation (3), where
BMP

 heoratica 1S tNE Maximum theoretical methane potential

inNmL and C, H, O, N and Saretheweight percentages of
the elemental carbon, hydrogen, oxygen and nitrogen

respectively on dry basis.

930 xC+2790x H-350x O-600x N-175-S
BMF:heofetlcal = (3)
C+H+O+N+S

Moreover, for the anaerobic co-digestion of the canola
straw and buffal o dung, the combined theoretical methane
potential was estimated on the basis of their proportions

added in the each pair of batch reactors.

3. RESULTS& DISCUSSION

Characterigicsand Theor etical BM Pof
the Feedstock

31

The characteristics of the feedstock including the results of
ultimate analysis on the dry weight basis; pH values,
gravimetric analysis and their theoretical biochemical

methane potentialsare givenin Table 1. The BMP, for

heoretical

canolastraw was439 NmL/gV Sand for buffalo dung it was
391 NmL/gVS. The canola straw has about 11% higher
BM Ptheoretical
percentage of the elemental carboniniit.

than to the buffalo dung because of the higher

The theoretical biochemical methane potential of the
different ratios of the canola straw and buffalo dung
used in the present study was calculated on the basis of
their proportionsand aregivenin Table 2. It was observed
that asthe canolastraw fraction increased; the theoretical
methane potential also increased. Thisis because of the
higher percentage of elemental carboninthe canolastraw.

Thebulk density of the canolastraw for itsdifferent particle
sizeisgiveninTable 3. The bulk density rangesfrom 364-
109 kg/m?*for particlesizelessthan 1-10mm. Moreover, there
isan inverse linear relationship between the bulk density
and the particle size of the canola straw with coefficient of
determination (R?) of 0.94. The coefficient of determination
was calculated as stated by Sahito, et. al. [19].

3.2 Best Canola Straw to Buffalo Dung

Ratio

The cumulative methane productionsand their flow rates
at different canola straw to buffalo dung ratio are shown
inFig. 2. The maximum methane production was observed
as845NmL for ratio R4 (40% canolastraw and 60% buffalo
dung) followed by 823.4,814.9, 814.7, 783.9 and 723.3NmL
for ratiosR5, R6, R3, R2and R1 respectively. Thehighest
flow ratewas observed as65 NmL /day for ratio R5 followed
by 62, 57,54, 47 and 46 NmL /day for ratiosR4, R3, R2, R1
and R6 respectively.

TABLE 2. THEORETICAL BMP OF THE DIFFERENT RATIOS OF CANOLA STRAW TO BUFFALO DUNG

Canola Straw to Buffalo R1 R2 R3 R4 RS R6
Dung Ratio (% VS/%VS) 10:90 20:80 30:70 40:60 50:50 60:40
BMP, .., (NmL/5gVS) 1980 2004 2027 2051 2075 2099
TABLE 3. BULK DENSITY OF DIFFERENT PARTICLE SIZE OF CANOLA STRAW
Particle Size of S 2 3 s % 6
Canola Straw <lmm 2mm 4mm 6emm 8mm 10mm
Bulk Density (kg/m?) 364 303 215 185 118 109
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FIG. 2. METHANE PRODUCTION AT DIFFERENT CANOLA STRAW TO BUFFALO DUNG RATIO
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The graph between the different ratios of the canola
straw to buffalodung, BMP_ . andABD isillustrated
inFig. 3. TheBMP,

R4 and then decreases up to R6. A similar trend was

heerves WS INCreasing fromratio R1 to
also observed for ABD. Moreover, the maximum ABD
was observed as 41.2% for ratio R4 followed by 40.2,
39.7,39.1, 38.8and 36.5%for ratio R3, R5, R2, R6 and R1
respectively. Asthemaximum BMP_ _ _and ABD were
detected for ratio R4, thusratio R4 was selected as the
best ratio for the maximum production of the methane
by the co-digestion of the canola straw and buffalo
dung.

3.3 Best Alkaline Doze

The cumulative methane productions and their flow rates
a ratio Rafor different alkaline dozes of NaHCO, areshown
inFig. 4. The maximum methane production was observed
as856.5NmL for doze D5 (0.6 gNaHCO,/gV S) followed by

900 =

B BMP,,....
—O— ABD
850 o
7
£ 80+
S 750 -
m
700
650 = T T

805.2, 750, 743.5, 683.4 and 620.4 NmL for dozes D6, D4,
D3, D2 and D1 respectively. The highest flow rate was
observed as 67.3 NmL/day for doze D5 followed by 62,
56.9,53.7,52.2 and 49.8 NmL/day for dozesD3, D6, D1, D2
and D4 respectively.

The graph between the different dozes of NaHCO,,
BMP,__ ., and its ABD is demonstrated in Fig. 5. The
BMP

observed

was increasing from dozeD1-D5 and then
decreasesfor doze D6. A similar trend was al so observed
for percentage ABD. Moreover, the maximum ABD was
observed as 41.8% for doze D5 followed by 39.3, 36.6,
36.3, 33.3 and 30.2% for dozes D6, D4, D3, D2 and D1
and ABD were

bserved

respectively. Asthe maximum BMP,
detected for doze D5, thus doze D5 was selected as the
best alkaline doze for the maximum production of the
methane through the co-digestion of the canola straw and
buffalo dung.

L]

(9%)

O
ABD (%)

R1 R2 R3

R4 RS R6

FIG. 3. COMPARISON OF BMP AND ABD AT DIFFERENT RATIOS OF THE CANOLA STRAW TO BUFFALO DUNG; (R1=10:90;
R2=20:80; R3=30:70; R4=40:60; R5=50:50; R6=60:40)
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FIG. 4. METHANE PRODUCTION AT DIFFERENT ALKALINE DOZE
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34 Best Canola Straw ParticleSize

The cumulative methane productions and their flow rates
using canolastraw to buffalo dung ratio R4 of and alkaline
doze D5 for different particle sizes of the canola straw
are shown in Fig. 6. The maximum methane production
was observed as 911.3 NmL for particle size S2 (2mm)
followed by 844.5, 804.7, 684.6, 637.5 and 633.5NmL for
particle sizes S1, S3, $4, S5 and S6 respectively. The
highest flow rate was observed as 100.2 NmL/day for
particlesize S2 followed by 98.7, 90.3, 68.6, 65.2 and 55.9
NmL/day for particle sizes S3, S1, S4, S6 and S5
respectively. Considering the previous study [3], the
overall increase of the methane production from the
canolastraw keeping theratio R4, alkaline doze D5 and
canolastraw particle size S2 hasincreased by 6% on the
basisof VS. Furthermore, seeing the methane production
from canola straw observed by L ehtomaki, et. al. [20] i.e.
240 NmL CH,/gVS, present study yields 10% more

methane production.

900 = - BMPObscrvcd

850 —{— ABD

800 =
750 =

700 =

B MP Observed (NmL)

650 1

600 4

The graph between the different particle sizes of the canola
straw, BMP___ . anditsABD is demonstrated in Fig. 7.
The BMP

observed

was increasing from particle size S1-S2
and then decreases up to particle size S6. A similar trend
was also observed for percentage ABD. Moreover, the
maximumABD was observed as44.4% for particlesize S2
followed by 41.2, 39.2, 33.4, 31.1and 30.9%for size S1, S3,
4, S5 and S6 respectively. Except of the particlesize S1, it
was established that asthe particle size of the canolastraw
increases the BMP_ . decreases. This is also in
agreement withthe study of Sambusiti, et. . [9] that particle
size 2mm produces more methane than to the particle size
1mm. Moreover, as the particle size of the canola straw
decreases, it increasesthe cost of the grinding of the canola
straw.ThemaximumBMP__ _ and percentageABD were
detected for particle size S2, thus particle size S2 isthe
best canolastraw particle sizefor the maximum production
of the methane through the co-digestion of the canola
straw and buffalo dung. On the contrary, because of its
higher grinding cost to produce canolastraw particle size
of 2mm (particlesize S2), the particle size S3 could be the
best canola straw particle size.

ABD (%)

550 T T
Dl D2 D3

D4 D5 D6

FIG. 5. COMPARISON OF BMP AND ABD AT DIFFERENT ALKALINE DOZES, (D1=0.2; D2=0.3; D3=0.4; D4=0.5;
D5=0.6; D6=0.7 gNaHCO,/gVs)
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4. CONCLUSION

The present study was carried out to optimize the
anaerobic co-digestion of canolastraw and the buffalo
dung. The optimization was carried out in three stages
of the batch experiments i.e. canola straw to buffalo
dung ratio optimization, alkaline doze optimization and
canolastraw particle size optimization. Theresultsyield
that anaerobic co-digestibility of the canola straw and
the buffalo dung isobviously influenced by all thethree
factors of optimization. Considering the canola straw
to buffalo dung ratio optimization, the ABD wasin the
range of 41.2-36.5%, while the maximum methane
production was obtained as 845 NmL form the canola
straw to buffalo dung ratio of 40:60 (R4). In view of the
alkaline doze optimization, the ABD wasin the range of
41.8-30.2%, whereas the maximum methane production
was achieved as 856.5 NmL from the alkaline doze of
0.6g NaHCO,/gV'S (D5). In context to the canola straw
particle size optimization, the highest cumulative

methane production was achieved by utilizing the 2mm

canolastraw particlesize (S2) i.e. 911 NmL, but because
of its higher grinding cost to produce canola straw
particle size of 2mm, particle size S3 (4mm) could bethe

best canola straw particle size.
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