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Energy requirement for cutting of different biomass materials depends on their properties
and size which plays an important role in gasification process. In present study, the cutting
energy required by the size reduction machine to cut selected different biomass materials
viz., Pigeon pea stalk (Cajanus cajan), Cotton stalk (Gossypium hirsutum) and vilatyee
babool (Prosopis juliflora) into different length of sizes viz., 25-50, 50-75 and 75-100 mm
was assessed. And also their physico-chemical and thermal properties were determined
using the standard procedure. The cutting capacity of different biomass material ranged
from 21.35 to 32.13, 15.52 to 24.12 and 25.04 to 39.40 kg h -1 respectively for pigeon pea
stalk, cotton stalk and vilaytee babool. Whereas, the energy requirement for cutting into
selected sizes (25-50, 50-75 and 75-100 mm) ranged from 0.21 to 0.07, 0.16 to 0.07 and
0.14 to 0.04 MJ kg-1 respectively. The moisture content of different biomass material
ranged from 3.28 to 9.45 per cent and maximum bulk density of 556 kg m-3 was observed
for vilaytee babool, followed by pigeon pea stalk (501 kg m -3) and minimum of 465 kg m-3
for cotton stalk. Whereas, maximum volatile matter content of 80.81 per cent was
observed for vilaytee babool and a minimum of 80.20 per cent for cotton stalk. The
calorific value of 16.44, 16.05 and 17.49 MJ kg-1 was observed for pigeon pea, cotton stalk
and vilaytee babool, respectively.

Introduction
Agricultural and forest biomass material are a
major part of crop residues and considered as
important feed stocks for bioenergy
applications as they have low nutritional
value when used as feed for animals

(Tavakoli et al., 2009). The commonly
available cereal straws are wheat, barley, and
rice, and oat (Anon, 2000). There are some
competing uses for these materials; for
example, straw is sometimes used as feed or
bedding for animals, or used as a soil
amendment and incorporated into the
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ploughed layer or used as mulch. But both
cereal and oilseed straws are finding use as
feedstock for both thermo chemical and
bioconversion applications. For all these
applications, the size of these straws has to be
reduced and particle size reduction is
considered an important step in the
conversion process. Particle size reduction of
biomass is necessary, as the current
biorefinery technologies cannot efficiently
digest whole stems of grass and woody feed
stocks. In addition, size-reduced biomass for
direct combustion produces a more stable
flame, high burnout, and low CO2 and ash
emissions when compared to pellets and
bales. Hess et al., (2007), Wu et al., (2007),
Cundiff and Grisso (2008), Hess et al., (2009)
and Wendt et al., (2008) indicated that the
smaller biomass particles produced after size
reduction have better digestibility in the
conversion reactor than the raw material.
Oasmaa et al., (2001), Wei et al., (2009) and
Kumar et al., (2009) concluded that feedstock
should be in particulate form for biorefinery
pathways like hydrolysis, fermentation,
gasification,
pyrolysis,
and
chemical
synthesis. Thus, many studies have been
conducted in the last few years to understand
the effect of varying particle sizes on
conversion efficiency. For proper design and
optimization of biomass size reduction
equipment, it is necessary to know its
mechanical properties. Power or energy
requirements for size reduction of straw is one
of these properties, and is influenced by initial
particle size, moisture content, material
properties, feed rate of the material, and
machine variables (Mani et al., 2004). Tub
grinders and hammer mills are the most
commonly used pieces of equipment as they
are relatively inexpensive, easy to operate,
and produce a wide range of particle sizes.
Bitra et al., (2009) and Soucek et al., (2007)
indicated that size reduction is an important
unit operation for reducing the particle sizes
of biomass material for thermal gasification.

In a study conducted by Yancey et al., (2014)
grinding energy and particle size were
compared at varying feedstock moisture
contents. Grinding energy for corn stover,
switch grass and wheat straw were compared
at moisture contents of 10-25% in 5%
increments. Grinding energy for corn stover
and switch grass showed a steep increase as
moisture increased. Moisture content in straw
had less effect on grinding energy, although
the same pattern was observed. Operating
speed, moisture content and initial particle
size appear to be crucial in minimizing
effective specific energy requirements for
biomass size reduction.
Keeping the above facts in view, the present
study was conducted to assess the energy
requirement for cutting of selected biomass
feedstock viz., pigeon pea stalk, cotton stalk
and vilaytee babool and to determine the
properties of biomass for thermal gasification.
Materials and Methods
Biomass feedstock
The required size of cotton stalk, pigeon pea
stalk and Vilaytee babool woods were
collected from the Main Agricultural
Research Station (MARS), Raichur. These
biomass materials had higher length and
diameter. Hence, there was a need to reduce
the length of cotton stalk, pigeon pea stalk
and Vilaytee babool wood. The experiments
were carried out with three different particle
sizes viz., 25-50, 50-75 and 75-100 mm of
length.
Since these biomass materials used for entire
study was collected once from only single site
and all the samples with different size were
stored in plastic container for experiments,
composition and properties were assumed
same for all particle sizes.
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Selection of size reduction machine
There is a need to reduce the size of the stalk
for feeding the biomass to the gasifier. Hence,
a size reduction machine available in the
Department of Farm Machinery and Power
Engineering at College of Agricultural
Engineering, Raichur was used to reduce the
size of biomass material (Plate 1).
Ghaly et al., (2013) evaluated the
performance of straw chopping system for
fluidized bed gasifier. The power required for
cutting of straw varied from a low 3.69 to
5.02 Hp, when the speed of the cutting blade
was changed from 800 to 2500 rpm. So that
biomass cutting machine was selected and it
as driven by 4 HP motor consisted of D
handle, wheel locking system, cutting blade
assembly, compression spring, and power
transmission system for cutting blade
adjusting unit. It had salient features like
simple in construction, provision for adjusting
the length of cut and speed of operation.
Performance evaluation of size reduction
machine
The size reduction machine was evaluated for
its performance of moisture content at below
10 per cent and three different lengths of cut
25-50, 50-75 and 75-100 mm. The
performance of machine was compared with
manual cutting using an axe as control.
The cotton stalk, pigeon pea stalk and
Vilaytee babool wood collected were sun
dried to achieve moisture content below 10
per cent. The stalk was tied into small size
sized bundles, so that an operator can hold
these bundles of stalk in handful and cut
easily.
The following initial adjustments were made
on the machine before starting the cutting of
stalk and wood. The wheel locking lever was

adjusted to the required speed of cutting blade
and metal cutting blade was replaced with the
wood cutting blade.
A single phase energy meter was connected in
between the wire connection from board and
size reduction machine to measure the electric
energy consumption during the cutting
operation. After making the initial
adjustments as required for smooth operation
of machine, the machine was started and the
material was fed to the machine. During
cutting, the time required to cut the known
weight of biomass material to the required
length was recorded simultaneously using the
digital stop watch.
The electrical energy consumed by the
machine was also measured using a single
phase energy meter. To compare the machine
performance with manual cutting, an
experienced labour was engaged and asked to
cut a known weight of sample using an axe.
The time required to cut the known weight of
sample to the required length of biomass was
recorded. The above procedure was repeated
at different levels of moisture content and
length of cut of different biomass material.
Characteristics of
selected
material for thermal gasification

biomass

The physical, chemical and thermal properties
of agricultural and forest biomass material
viz., moisture content, bulk density, volatile
matter content, ash content and fixed carbon
content was determined using hot air oven,
muffle furnace apparatus by using the ASTM
D3173-11 and ASTM D/3175-11 standard
test procedure (Ahmad et al., 2013), Shinde
and Singarvelu (2014) and (Rao et al., 2004).
The calorific value of the different biomass
material was determined by digital bomb
calorimeter according Indian standards (IS:
1359; 1959).
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While the average capacity of cutting of
cotton stalk at

Results and Discussion
Cutting capacity
The performance characteristics of size
reduction machine at different lengths of cut
with average cutting capacity and energy
consumption in comparison with manual
cutting for pigeon pea stalk, cotton stalk and
vilaytee babool biomass material was
evaluated.

The average cutting capacity of pigeon pea
stalk machine at 3.28 per cent moisture
content was maximum (32.13 kg h-1) for 75100 mm length of cut and it was minimum
(21.35 kg h-1) for 25-50 mm lengths of cut.
The average cutting capacity of cotton stalk at
6.98 per cent moisture content was maximum
(24.12 kg h-1) with 75-100 mm lengths of cut
and a minimum (15.52 kg h-1) for 25-50 mm
lengths of cut. Whereas maximum average
cutting capacity of 39.40 kg h-1 was recorded
for Vilaytee babool at 9.45 per cent moisture
content with 75-100 mm length of cut and a
minimum of 25.04 kg h-1 with 25-50 mm
length of cut (Table 1).
Variation in cutting capacity for different feed
material may be due to the percentage of
moisture content present in the biomass and
the different lengths of cut. As the length of
cut increased, the time required to cut a given
mass decreased resulting in higher cutting
capacity of machine. At higher moisture
content of biomass material, cutting capacity
increased due to fast cutting action of section
of material (Yancey et al., 2014).
The average capacity of cutting of pigeon pea
stalk by manually at 3.28 per cent moisture
content was maximum (8.55 kg h-1) for 75100 mm length of cut and it was minimum
(4.58 kg h-1) for 25-50 mm lengths of cut.

6.98 per cent moisture content was maximum
(11.40 kg h-1) for 75-100 mm lengths of cut
and it was minimum (6.40 kg h-1) for 25-50
mm lengths of cut. Whereas maximum
average capacity of cutting (15.42 kg h-1) was
recorded for Vilaytee babool at 9.45 per cent
moisture content for 75-100 mm lengths of
cut and it was minimum (8.20 kg h-1) for 2550 mm lengths of cut (Table 1).
By comparing the two methods of cutting, the
capacity of cutting increased with increase in
moisture content for machine, while in case of
manual cutting the capacity of cutting
increased with increase in moisture content.
This may be due to forces applied during
cutting. In case of machine cutting uniform
tangential force was applied, while in manual
cutting impact force was applied. Hence, two
cutting capacities were obtained in two
methods of cutting.
Energy consumption
The total energy consumption for cutting of
pigeon pea stalk by machine at 3.28 per cent
moisture content was maximum (0.13 MJ kg1
) for 75-100 mm lengths of cut and it was
minimum (0.06 MJ kg-1) for 25-50 mm
lengths of cut.
While, the total energy consumption for
cutting of cotton stalk at 6.98 per cent
moisture content was maximum (0.19 MJ kg1
) for 75-100 mm lengths of cut and it was
minimum (0.09 MJ kg-1) for 25-50 mm
lengths of cut. Whereas maximum total
energy consumption for cutting of 0.23 MJ
kg-1 was recorded for Vilaytee babool at 9.45
per cent moisture content for 75-100 mm
lengths of cut and it was minimum of 0.06 MJ
kg-1 for 25-50 mm lengths of cut (Table 1).
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Table.1 Performance evaluation of size reduction machine with comparison of manual method
Sl.
No.

Types of
biomass
material

1

Moisture
content
(per cent)

Size of
biomass
material
(mm)

3.28

25-50
50-75
75-100
25-50
50-75
75-100
25-50
50-75
75-100

Pigeon
pea stalk
6.98

2
Cotton
stalk

9.45

3
Vilaytee
babool

Average
Cutting
capacity
(kg h-1)
21.35
28.00
32.13
15.52
20.34
24.12
25.04
33.51
39.40

Size reduction machine
Energy Human Total
Total
meter
power
power
energy
reading (kW)
(kW)
consumed
(kW)
(kWh kg-1)
0.69
0.0735
0.76
0.04
0.53
0.0735
0.60
0.02
0.47
0.0735
0.54
0.01
0.75
0.0735
0.82
0.05
0.63
0.0735
0.70
0.03
0.55
0.0735
0.62
0.02
1.51
0.0735
1.58
0.06
0.96
0.0735
1.03
0.03
0.63
0.0735
0.70
0.02

Energy
consumed
(MJ kg-1)
0.14
0.07
0.04
0.16
0.10
0.07
0.21
0.10
0.07

Manual method
Cutting
Human
capacity
energy
(kg h-1) consumed
(MJ kg-1)
4.58
1.21
6.19
1.64
8.55
2.26
6.40
1.70
8.32
2.20
11.40
3.01
8.20
2.17
11.23
2.97
15.42
4.08

Table.2 Physical properties of selected biomass material
Sl. No.

Types of biomass
material

1

Pigeon pea stalk

2

Cotton stalk

3

Vilaytee babool

Size of biomass
material (mm)
25-50
50-75
75-100
25-50
50-75
75-100
25-50
50-75
75-100

Diameter
(mm)
6-10
6-14
6-18
5-10
6-13
6-16
11-18
18-26
18-46
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Moisture content
(per cent)

Total solids
(per cent)

Bulk density
(kg m-3)

3.28

96.72

501

6.98

93.02

465

9.45

90.55

556
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Table.3 Chemical and thermal properties of selected biomass material
Sl. No.

Types of biomass
material

1
2
3

Pigeon pea stalk
Cotton stalk
Vilaytee babool

Size of
biomass
material
(mm)
25-100
25-100
25-100

Volatile
matter
(per cent)

Ash
content
(per cent)

80.67
80.20
80.81

1.39
1.43
1.83

Total
carbon
content
(per cent)
17.94
18.37
17.36

Calorific
value
(MJ kg-1)
16.44
16.05
17.49

Plate.1 A view of biomass cutting operation

The total energy consumption for cutting of
pigeon pea stalk manual at 3.28 per cent
moisture content was maximum (2.26 MJ kg1
) for 75-100 mm lengths of cut and it was
minimum (1.21 MJ kg-1) for 25-50 mm
lengths of cut. While, the total energy
consumption for cutting of cotton stalk at 6.98
per cent moisture content was maximum (3.01
MJ kg-1) for 75-100 mm lengths of cut and it
was minimum (1.69 MJ kg-1) for 25-50 mm
lengths of cut. Whereas maximum total
energy consumption of 4.08 MJ kg-1 was
recorded for cutting of Vilaytee babool at
9.45 per cent moisture content for 75-100 mm
lengths of cut and it was minimum of 2.17 MJ
kg-1 for 25-50 mm lengths of cut (Table 1).
The size reductions of biomass material are
demanding due to the fibrous and tenacious
nature of their structure. The energy
consumption of size reduction machine

depends on the certain factors including the
initial particle size of the biomass, moisture
content, biomass feed rate, biomass properties
and the machine variables. This might be due
to the energy consumption with different
length of cut was maximum for Vilaytee
babool and a minimum for pigeon pea stalk,
these findings are similar to findings of
Anukam et al., (2016).
Physico-chemical and thermal properties
of selected biomass material
Physical properties
The physical properties of selected biomass
material are presented in Table 2. The
diameter of cotton stalk, pigeon pea stalk and
Vilaytee babool wood varied from 6-15, 6-17
and 15-30 mm, respectively. The length of
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feed stock material ranged from 25-100 mm
for all the biomass material. The moisture
content of dried samples recorded was 3.28,
6.98 and 9.45 per cent for pigeon pea stalk,
cotton stalk and Vilaytee babool, respectively.
The percentage total solid for pigeon pea
stalk, cotton stalk and Vilaytee babool was
found to be 96.72, 93.02 and 90.55 per cent,
respectively. The variation in percentage of
total solids in biomass material may be due to
the variations in percentage of moisture
content of the feed stock material. The bulk
density of 501, 465 and 556 kg m-3 was
observed for pigeon pea stalk, cotton stalk
and Vilaytee babool, respectively which
depended on the moisture content in biomass
materials. The findings are in close agreement
with the results of Rao et al., (2004), Mishra
et al., (2010) and Power et al., (2014).
Chemical and thermal properties
The chemical and thermal properties of
selected biomass material are presented in
Table 3. The volatile solids content of 80.20,
80.67 and 80.81 per cent were recorded for
pigeon pea stalk, cotton stalk and Vilaytee
babool, respectively. The ash content of
pigeon pea stalk, cotton stalk and Vilaytee
babool were found to be 1.43, 1.39 and 1.83
per cent, respectively. The fixed carbon
content of pigeon pea stalk, cotton stalk and
Vilaytee babool were found to be 18.37,
17.94 and 17.36 per cent, respectively. The
calorific value of different biomaterials like
pigeon pea stalk, cotton stalk and Vilaytee
babool were 16.44, 16.05 and 17.49 MJ kg-1,
respectively. The results are closely agreed
with the reported value (Samodini et al.,
2013).
In conclusions, the size reduction machine for
cutting of selected biomass feedstock was
evaluated. The performance characteristics of
cutting capacity and energy consumption of
biomass for different biomass material were

determined. The capacity of cutting of
biomass material by machine was maximum
(39.40 kg h-1) for Vilaytee babool at 9.45 per
cent moisture content with 75-100 mm length
of biomass and a minimum of 15.52 kg h-1 for
cotton stalk at 6.98 per cent moisture content
with 25-50 mm length of biomass compared
with manual cutting. Variation in cutting
capacity for different feed material may be
due to the percentage of moisture content
present in the biomass and the different
lengths of cut. The energy consumption of
biomass material by using machine was
maximum (0.21 MJ kg-1) for Vilaytee babool
at 9.45 per cent moisture content with 25-50
mm length of biomass and a minimum of 0.04
MJ kg-1 for pigeon pea stalk at 3.28 per cent
moisture content with 75-100 mm length of
biomass compared with manual. The energy
consumption of size reduction machine
depends on the certain factors including the
initial particle size of the biomass, moisture
content, biomass feed rate, biomass properties
and the machine variables.
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