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Abstract:  The objective of this study was to determine the effects of moisture content and blade cutting speed on the 
chopping and size distribution of sugarcane leaves.  The experiments were conducted using 4 different moisture content 
percentages of 19.74%, 30.97%, 44.52% and 50.12% w.b. and at the blade cutting speeds of 380, 630 and 880 rpm.  The results 
revealed that moisture content and blade cutting speed significantly affected working capacity, weight and geometric mean 
particle length of the sugarcane leaves, and the results were statistically significant with confidence levels of 95%.  The 
interaction of the two factors had a significant effect on the working capacity but did not affect the percent weight and geometric 
mean particle length of the sugarcane leaves.  Working capacity, percent weight and geometric mean particle length all decreased 
when the cutting speed was increased and the moisture content decreased.  This resulted in an increase in the distribution of 
“small size” leaves.  At the blade cutting speed of 880 rpm and moisture content of 19.74% w.b., the percent weight was 98.54% 
and geometric mean particle length was 9.18 mm.  Size distribution of leaves {(<10) (10-20) (20-30)} mm in length had a total 
size distribution of 86.67%.  The distribution of particles less than 10 mm in length was the highest at 48.57%, followed by the 
distribution of particles 10-20 mm and 20-30 mm in length, recorded at 24.52% and 13.57%, respectively. 
Keywords: sugarcane leaves, chopper, size distribution, fuel biomass 

Citation: Charee, S., S. Sudajan, C. Junsiri, K. Laloon, and C. Oupathum. 2021. Effects of moisture content and blade cutting 
speed on the chopping and size distribution of sugarcane leaves for the production of fuel biomass. Agricultural Engineering 
International: CIGR Journal, 23(2):152-161. 

 

 1  Introduction 

Sugarcane (saccharum officinarum, belonging to the 
Poaceae or Gramineae family) is cultivated in over 200 
countries in both the tropics and sub-tropics. Almost 180 
million metric tons of sugar from sugarcane is produced per 
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year. Thailand is the fourth largest producer after Brazil, 
China, and India and is the second largest sugar exporter 
after Brazil (FAO, 2018). Thailand has a total sugarcane 
plantation area of about 1.94 million hectares, with a yield 
of 67.63 tons / hectare, and a total production of 130.97 

million metric tons per year; this is divided into fresh 
sugarcane for crushing (about 50.94 million metric tons) 
and burnt sugarcane (about 80.03 million metric tons) 
(OCSB, 2018). The sugarcane that is harvested consists 
of sugarcane tops (8%), fresh leaves (15%), sugarcane 
stems (70%) and dry leaves (7%); the remaining non-
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sugar product is called “sugarcane trash” (Ashfaq et al., 
2015). The amount of sugarcane leaves and shoots 
depend on the species and maintenance (De Landel et al., 
2013). Approximately one-third of the total sugarcane, or 
about 60 percent of leaves and sugarcane tops, 
comprising 18 million metric tons per year, is often burnt, 
which causes pollution and environmental damage 
(Jenjariyakosoln et al., 2013). These types of biomass, 
such as bagasse, can be recycled as alternative energy to 
be used in the sugar production industry, as 
supplementary fuel in a combined cycle powerplant or as 
fuel in biomass powerplants. Leaves and the tops of 
sugarcane at a dry-30% moisture content w.b. have 
energy values in the range of 12.0 to 18.3 MJ kg-1 
(Smithers, 2014), and can be used to produce electricity 
for 1,647 MW. Some types of agricultural waste cannot 
be used straight away as they need to be modified to be 
suitable for use. In the material preparation process 
before energy production, there is a necessity to reduce 
material size due to the low density and high humidity 
(13.5% – 70% w.b.) of sugarcane leaves and tops, 
specifically, due to the fact that it causes transportation 
and storage problems (Hassuani et al., 2005). Moreover, 
the length of material causes problems regarding fuel 
conversion efficiency, incomplete burning and heat 
transfer efficiency (Ghaly et al., 2013). 

Chopping is an important part of the production 
process that reduces material size so as to increase 
surface area between particles and reduce friction of 
material flow rate (Jezerska et al., 2016). Particles with a 
wide distribution will provide various material 
characteristics that could make it more difficult to create 
briquettes compared to using particles with a close 
distribution or better homogeneity. Therefore, the 
distribution of particles is an important factor in the 
briquette-making process (Nunes et al., 2016). The report 
of Sun and Cheng (2002) stated that after chopping, the 
size of the material should be 10-30 mm and after hitting, 
it should be 0.2-2 mm in length. Naimi et al. (2006) 
suggested that the ideal material size for the production 
of pellets is less than 3.2 mm; for briquettes production, 
6-8 mm; and ethanol production, 1-6 mm. Jorapur and 
Rajvanshi (1997) studied the mixture of sugarcane leaves 

(10-100 mm in size) and bagasse (less than 50 mm in 
size) as fuel in a gasification system. Kurt (2006) used 
sugarcane leaves and tops, measuring 10-50 mm, to 
generate heat and energy and found increased efficiency. 
Therefore, material size is important for utilization or 
product transformation, including product design. 
Choosing an appropriate chopper unit (or chopping 
machine) can help achieve suitable and consistent 
material size while reducing energy consumption in the 
biomass preparation process. 

 In relation to the above information about the factors 
that affect chopping and the distribution of material after 
chopping, a study by Ghaly et al. (2013) reported that 
increasing cutting speed caused straw length to be 
reduced and created a high percentage of small material, 
while other variables remained unchanged (Abdallah et 
al., 2011). Moisture content also significantly affected 
the size of material. The higher the moisture content of 
the materials, the thinner the material would be. While 
material with particles of a smaller size requires more 
energy to reduce the size (Hernández and Boulanger, 
1997; Kratky and Jirout, 2011). Chopping speed and 
moisture content of materials could affect the 
performance of a chopping machine and the size of the 
chopped material for use as fuel. Therefore, the objective 
of this study was to study the effects of moisture content 
and blade cutting speed on the chopping and size 
distribution of sugarcane leaves for the production of fuel 
biomass. The results of this study can be used as 
guidelines for choosing the optimal size of chopped 
sugarcane leaves for fuel production. 

2  Materials and methods 

2.1  Sample preparation 
The sugarcane leaves used in this study are Khon 

Kaen 3 cultivar grown in Khon Kaen province in the 
north-eastern region of Thailand (16°25'50"N / 
102°37'0"E). This is the most popular cultivar among 
farmers in the region. The sugarcane harvesting season 
runs annually from December through May. The 
sugarcane structure consists of fresh leaves, dry leaves 
and tops residues before harvesting. Fresh leaves are 
green and yellow, while dry leaves are brown. The tops 
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are part of the stem between the topmost tip and the last 
stalk-node (Canilha et al., 2012). Dry leaves will 
gradually degrade as they age, eventually becoming 
mulch. The leaves sample used in this study was 
comprised of leaves from 12-month-old sugarcane 
harvested by laborers (Figure 1). In harvesting, the 
farmers cut off and discarded the fresh leaves and the 
tops, while the stalks were tied together (15-20 stems) 
and transported to the sugar factory. This experiment 
used fresh leaves and tops in order to obtain data with 
different moisture content in each sample group. Samples 
were divided into four groups, consisted of group 1: 
freshly harvested sugarcane leaves; while group 2, 3 and 
4 were sun-dried leaves (daytime temperature between 
32°C -37°C, relative humidity between 55%-65%). The 
results showed that the moisture content percentages of 
the sugarcane leaves were 50.12%, 44.52%, 30.97% and 
19.74% w.b., respectively. The average moisture content 
of sugarcane leaves was measured. Samples were 
weighed at 30 g and oven-dried at 105°C for 24 hours 
and then weighed again (ASAE, 2006). Moisture content 
of sugarcane leaves was calculated using the following 
Equation 1: 

𝑀𝑀𝑀𝑀 (%𝑤𝑤. 𝑏𝑏. ) =
(𝑤𝑤𝑤𝑤  −  𝑤𝑤𝑑𝑑)

𝑤𝑤𝑤𝑤
× 100 (1) 

 
              

 

where MC is the moisture content, wet basis (%), ww 

is the initial mass of sample (g); wd is the final mass of 
dry sample (g).   

 

Figure 1 Sugarcane Khon Kaen 3 cultivar being harvested by 
laborers 

 

Figure 2 The prototype dump chopper unit developed for chopping 
sugarcane leaves 

2.2  Test equipment   
 This study used a dump chopper unit developed 

for chopping sugarcane leaves (Figure 2) belonging to 
the Postharvest Technology Innovation Center at Khon 
Kaen University. This dump chopper unit utilizes the 
following components: infeed roller, adjusting screw 
width, chopper head, cutting knife and cutting platform.  

Upper infeed 
roller

Lower infeed roller

Adjusting screw 
width

Feeding

 
(a) 

Sugarcane leave
Cutting platform

Cutting knife

Spring

 
(b) 
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Size of chopped sugarcane leave

Chopped head

 
(c) 

Figure 3 Working principle of sugarcane leaf chopping unit (a) 
material feeding position,(b) pulling material into the chopping 

unit,  and (c) cutting characteristics 

The working principle of the dump chopper unit 
starts with the upper and lower infeed rollers having a 
diameter of 10 centimeters and 22.5 centimeters 
respectively, both rotating in opposite directions at the 
same speed (The size ratio between the infeed rollers and 
chopper head is 1:4). The distance between the upper and 
lower roller can be adjusted by screws. The feed rollers 
pull the sugarcane leaves into the chopper head, which 
has a diameter of 16 cm (measured from the tip of the 
blade). The chopper head holds 4 blades positioned at an 
incline of 10 degrees to the chopper shaft. The chopper 
head securely holds 4 blades at an angle of 10 degrees to 
the chopper shaft. The chopper head causes the blade to 
spin, and it is swung round to cut the sugarcane leaves 
that are fed in, using the shearing chop principle to cut 
platform. The chopped sugar cane leaves are broken into 
pieces and then fall down through the exit, as shown in 
Figure 3. 
2.3  Test methods 

The variables in this study were: (1) blade cutting 
speed at three levels; 380, 630 and 880 rpm (3.18, 5.28 
and 7.38 m s-1), and (2) moisture content at four levels; 
19.74%, 30.97%, 44.52% and 50.12% w.b. Other factors 
to note was the cutting blade, which had four blades, and 
the input rate, which was set at 200 kg h-1. The engine 
prime mover used in this study obtained from tractor 
connect with power take off. Each of the working 
conditions was tested accordingly. Chopped sugarcane 
leaves were weighted. Working capacity was recorded. 
Chopped leaves were sorted into different sizes using 
sieves. The materials that were collected in each sieve 

were weighed and the length of the leaves were measured 
using a Vernier Caliper. The indicators in this study were: 
2.3.1 Working Capacity (kg h-1)  

It is the weight of the product per set operation time 
(h). This can be calculated using Equation 2:    

  
Cwc = Wp

To        
                                          (2) 

where, Cwc is the working capacity (kg h-1); WP is the 
weight of product (kg); TO is the time of operation (h) 

2.3.2  Percent Weight (%)  
It is ratio of the weight of chopped material to the 

weight of material before being chopped, as shown in 
Equation 3: 

                
Wpw = (𝑊𝑊i−Wuc)

Wi
× 100

                
 (3) 

where, WPW is the percent weight (%); Wuc is the 
weight of uncut materials (kg); Wi is the weight of input 
materials (kg) 
2.3.3  Geometric mean particle length (mm)  

The particle size of the chopped sugarcane leaves 
was determined according to ASAE standard S424.1 
DEC01 (ASAE, 2003) for chopping forage materials. 
The samples of chopped sugarcane leaves were placed 
into the top screen of the Ro-Tap sieve shaker. The sieve 
sizes used in the experiment were numbered 1, 2, 3, 4 
and 5 (nominal openings of 19, 12.7, 6.3, 3.96 and 1.17 
mm, respectively) using the sieve set as shown in Table 1 
for sifting the chopped material. After sieving, the mass 
retained in each sieve was weighed. Sieve analysis was 
repeated four times for each sample of chopped leaves. 
The geometric mean particle lengths (xgs) of the samples 
were calculated according to ASAE Standard S424.1 
(Wilcox et al., 1970; Lisowski et al., 2018). This can be 
calculated using Equation 4: 

      𝑥𝑥𝑔𝑔𝑔𝑔 = 𝑙𝑙𝑙𝑙𝑙𝑙−1[∑(𝑚𝑚𝑖𝑖 log 𝑥𝑥𝑠𝑠𝑖𝑖)/∑𝑚𝑚𝑖𝑖]               (4) 
where, xgs is the geometric mean particle length(mm); 

mi is the mass of the material left in the i-th sieve(g); and 
xsi is the geometric mean particle length in the i-th sieve 
determined from the Equation 5 below (mm): 

           𝑥𝑥𝑠𝑠𝑠𝑠 = �𝑥𝑥𝑖𝑖𝑥𝑥𝑖𝑖−1             (5) 

 where, xi is the holes diagonal of i-th sieve(mm) and 
x(i - 1) is the diagonal of sieve hole which is above the i-th 
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sieve(mm). 
Table 1 Dimension of square sieve used for measuring the 

length of chopped materials. 

Sieve  
Nominal 
opening 
(mm) 

Diagonal 
(mm) 

Sieve thickness 
(mm) 

Sieve size 
(%)  

1 19.00 29.60 12.70 45 
2 12.70 18.00 6.90 33 
3 6.30 8.98 4.80 33 
4 3.96 5.61 3.10 39 
5 1.17 1.65 0.64 41.5 

tray - - - - 

2.3.4  Size distribution (%)  
Data obtained from measuring the length of chopped 

leaves that remained in the sieve of 6 parts, 100 samples 
of each part. There was a total of 7,200 samples. The 
distribution of lengths of the chopped leaves were (<10), 
(10-20), (20-30), (30-40), (40-50) and (>50) mm, 
respectively. The distribution of the leaves can be 
grouped for appropriate use. 
2.4  Experimental design and statistical analysis 

This study was a 3×4 factorial analysis. Each 
treatment had 4 replicates. Data were analyzed using a 
two-way variance analysis (ANOVA) in SPSS software 
(IBM Crop. Released, 2019). Mean values were 
compared using least-significant difference (LSD) 
analysis at the significance level of 0.05 

3  Results and discussion 

The analysis of variance of the data indicated that the 
effects of the moisture content (A) and blade cutting 
speed (B) had significant effects on the working capacity, 
percent weight and geometric mean particle length of the 
sugarcane leaves. The interaction effect of moisture 
content and blade cutting speed (AB) had significant 
effects on the working capacity but the effect on the 
percent weight and geometric mean particle length was 
not statistically significant (p>0.05) (Table 2). The 
details of each indicator are explained as follows: 

 Table 2 Analysis of variance on the effects of moisture and 
blade cutting speed 

Source Dependent Variable 
D
f   

Mean 
Square 

F-value 
p-

value 

Moisture content 
(A) 

Working capacity 3 1114.143 
179740.8

07 
0.000 

Percent weight 3 34.964 24.715 0.000 

Geometric mean of particle 
length 

3 9.559 209.403 0.000 

Blade cutting speed 
(B) 

Working capacity 2 0.542 87.416 0.000 

Percent weight 2 13.968 9.873 0.000 

Geometric mean of particle 
length 

2 7.059 154.652 0.000 

AB 

Working capacity 6 0.055 8.820 0.000 

Percent weight 6 0.957 0.676 0.670 

Geometric mean of particle 
length 

6 0.032 0.693 0.657 

Error 

Working capacity 
3
6 

0.006    

Percent weight 
3
6 

1.415   

Geometric mean of particle 
length 

3
6 

0.046    

3.1   Working capacity  
The mean values of the working capacity on the 

chopping of sugarcane leaves at different moisture 
contents and blade cutting speed are compared. The 
average working capacities were significantly different 
(p<0.05). The working capacity of the chopping of 
sugarcane leaves decreased when moisture content was 
increased; and, the working capacity of the chopping of 
sugarcane leaves increased when the blade cutting speed 
was increased (Table 3). The average values for the 
working capacity varied from 92.97 to 71.52, 93.04 to 
71.91 and 93.09 to 72.10 kg h-1, by increasing the 
moisture content from 19.74% to 50.12% w.b., and blade 
cutting speed at 380, 630 and 880 rpm, respectively. This 
showed that the working capacity at the lowest moisture 
content was approximately 1.3 times higher than that of 
the highest moisture content. 
Table 3 Effects of moisture content and blade cutting speed on 

the working capacity of the chopping of sugarcane leaves 
Independent variable Blade cutting speed, rpm 

Moisture content, % w.b. 
380 630 880 

Working capacity, kg h-1 

19.74 92.97a
B 93.04a

AB 93.09a
A 

30.97 84.72b
B 84.85b

A 84.95b
A 

44.52 74.83c
C 75.03c

B 75.35c
A 

50.12 71.52d
C 71.91d

B 72.10d
A 

 Note: The same letter in Column (Lowercase letter), Row (Capital letter) 
indicates non-significant difference at LSD test (α=0.05) 

Figure 4 shows that as moisture content increased 
from 19.74% to 50.12% w.b., the working capacity 
continuously decreased at all blade cutting speeds. And 
as the blade cutting speed was increased from 380 to 880 
rpm with a moisture content of 19.74%, 30.97%, 44.52% 
and 50.12% w.b., the working capacity tended to 
increase slightly. When looking at the blade cutting 
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speed from 380 to 880 rpm, the moisture content of 
19.74% w.b. had the highest working capacity of all 
other tested moisture contents. Because as fresh leaves, 
which contained numerous heavy fiber bundles and fully 
structured, developmentally mature, moisture-rich 
mesophyll cells, exhibited a significantly higher 
resistance to failure. Similar results were also reported by 
Mou et al. (2013) for leaf sheath of sugarcane. The 
cutting speed increased, sugarcane leaves were chopped 
in larger quantities in the same amount of time, which 
caused the increasing of working capacity. The 
maximum working capacity was 93.09 kg h-1 with a 
blade cutting speed of 880 rpm and moisture content of 
19.74% w.b. Similar results were also obtained by 
Adgidzi (2007), who reported the average working 
capacity of dry materials was 24.00 kg h-1 and fresh 
materials was 15.60 kg h-1. Furthermore, Ajav and 
Yinusa (2015) stated that moisture content significantly 
affected the working capacity of a machine. This is 
because when materials are chopped at a high speed, the 
centrifugal force of the blade creates wind that causes dry 
material to be blown out of the chamber, whereas this is 
more difficult when materials have a high moisture 
content. 

 

Figure 4 Working capacity, with (a) effect of moisture content and 
(b) effect of blade cutting speed. 

3.2   Percent weight 
 A comparison of the mean values of the percent 

weight of chopped sugarcane leaves at different moisture 
contents and blade cutting speeds are presented in Table 
4. It is evident from Table 4 that as the moisture content 
of the sugarcane leaves increased, the percent weight of 
chopped sugarcane leaves decreased, with increasing 

moisture content of sugarcane leaves from 19.74% to 
50.12% w.b. the mean value of their percent weight 
decreased by a factor of 1.04 (from 97.01% to 92.92 %). 
The average values for the percent weight were found to 
be 92.92%, 94.62%, 95.50% and 97.01% for moisture 
contents of 50.12%, 44.52%, 30.97% and 19.74% w.b., 
respectively. 

 The test results showing the difference between 
the effects of moisture content at the level of 50.12% and 
19.74% w.b. with all other levels were significant for the 
percent weight at a 5% probability level, while there was 
no significant difference between the effect of moisture 
contents of 30.97% and 44.52% w.b. (Table 4). The 
percent weight of chopped sugarcane leaves increased in 
line with the increased blade cutting speed (Table 4), 
showing a positive correlation. The average values for 
the percent weight were found to be 94.17%, 94.87% and 
96.02% at blade cutting speeds of 380, 630 and 880 rpm, 
respectively. The difference between the effects of the 
blade cutting speed at the level of 880 rpm with all other 
levels was significant for the percent weight at a 5% 
probability level, while there was no significant 
difference between the effect of blade cutting speeds at 
380 and 630 rpm (p<0.05). 
Table 4 Comparison of percent weight and geometric mean of 

particle length in relation to the interaction effect between 
moisture content and blade cutting speed 

Independent variable 
Dependent Variable 

Percent weight (%) 
Geometric mean of 

particle length (mm.) 

Moisture 
content, % w.b. 

19.74 97.01a 9.91d 
30.97 95.50b 10.65c 
44.52 94.62b 11.48b 
50.12 92.92c 11.92a 

Blade cutting 
speed, rpm 

380 94.17b 11.51a 
630 94.87b 11.22b 
880 96.02a 10.24c 

Note: The same letter indicates non-significant difference at LSD test (α=0.05) 

Figure 5 shows that as moisture content increased 
from 19.74% to 50.12 % w.b., the percent weight tended 
to decrease at all blade cutting speeds. As the cutting 
speed increased from 380 to 880 rpm, percent weight 
increased as well. Similar results were also reported by 
Khope and Modak (2013) for forage cutter. At the blade 
cutting speed of 880 rpm and moisture content of 19.74% 
w.b., the percent weight was higher than all other tested 
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levels. This is because the sugarcane leaves with a low 
moisture content were dry and fragile. Therefore, a 
higher quantity could be chopped compared to those with 
a high moisture content, of which the leaf structure had 
strongly attached fibers. The maximum percent weight 
was 98.54% at the blade cutting speed of 880 rpm and 
moisture content of 19.74% w.b.. The minimum percent 
weight was 92.28% at the blade cutting speed of 380 rpm 
and moisture content of 50.12% w.b.. Similar results 
were also obtained by Adgidzi (2007) who reported that 
percent weight of wet materials and dry materials was 86% 
and 92% respectively for forage cutter. 

 

Figure 5 Percent weight, with (a) effect of moisture content and (b) 
effect of blade cutting speed. 

3.3   Geometric mean of particle length  
Results revealed that the geometric mean particle 

length of sugarcane leaves after chopping also decreased 
when moisture content decreased; likewise, it decreased 
with increased blade cutting speed (Table 4). The 
average geometric mean particle length of sugarcane 
leaves after chopping varied from 11.92 to 9.91 mm 
when the moisture content changed from its lowest value 
to its lowest amount in this study (Table 4). According to 
the results, the geometric mean particle length was at its 
lowest point with a statistically significant difference 
(p<0.05) for the three lowest moisture contents of 
19.74%, 30.97% and 44.52% w.b., with a mean value of 
10.68 mm. This is compared with a mean value of 11.92 
mm for the other moisture content (50.12% w.b.). The 
average values for the geometric mean particle length 
were found to be 11.51, 11.22 and 10.24 mm at the blade 
cutting speeds of 380 630 and 880 rpm, respectively. The 

geometric mean particle length at the blade cutting speed 
of 380 rpm was statistically different from the blade 
cutting speeds of 630 and 880 rpm (p<0.05). 

Figure 6 shows that as moisture content increased 
from 19.74% to 50.12% w.b., the geometric mean 
particle length tended to increase at all blade cutting 
speeds. As the blade cutting speed increased from 380 to 
880 rpm, the geometric mean particle length tended to 
decrease. The geometric mean particle length at the 
moisture content of 19.74% w.b. was shorter than lengths 
at other tested moisture contents. This is because the 
sugarcane leaves with a low moisture content were dry 
and fragile, therefore, they were more prone to tearing 
than those with a high moisture content, of which the leaf 
structure had strongly attached fibers. After sorting and 
measuring the geometric mean particle lengths, the 
lengths of the leaves with a low moisture content were 
shorter than those with a high moisture content. The 
maximum geometric mean particle length was 12.47 mm 
at a blade cutting speed of 380 rpm and moisture content 
of 50.12% w.b. Similar results were also reported by 
Ajav and Yinusa (2015), who found that the average 
length of the leaves was shorter according to the 
reduction of moisture content. 

 

Figure 6 Geometric mean of particle length, with (a) effect of 
moisture content and (b) effect of blade cutting speed.  

3.4   Size distribution 
The results of chopped sugarcane leaf size 

distribution show the length of sugarcane leaf size 
distributed as follows: (<10) (10-20) (20-30) (30-40) (40-
50) and (> 50) mm, respectively. The distribution of life 
sizes were grouped into two groups: leaves with the 
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length of {(<10), (10-20) and (20-30)} mm as "small 
size", and leaves with the length of {(30-40), (40-50) and 
(> 50)} mm as "large size". The theoretical length of 
chopped sugarcane leaf particles 19.64 mm. Figure 6 
shows how different cutting speeds change the leaf size 
distribution. It revealed that when the cutting speed 
increased, the percentage of "small size" leaves increased, 
while the percentage of "large size" leaves decreased. 

 
Figure 6 Size distribution for different blade cutting speed 

 

Figure 7 Size distribution for different moisture content 

Figure 7 shows the effect of moisture content on leaf 
size distribution. When the moisture content increased, 
the variation of the percent size distribution was almost 
in a straight line, which means that the percent size 
distribution of "large size" leaves gradually increased as 
well. Similar results were also reported by Abdallah et al. 
(2011). The highest share of sugarcane leaves size 

distributed "small size", which was coherent with 
theoretical length of cutting (19.64 mm). Similar results 
were also reported by Lisowski et al. (2009) for plants 
chopping. Leaf size distribution of {(<10), (10-20) and 
(20-30)} mm at the moisture content level of 19.74% w.b. 
and blade cutting speed of 880 rpm resulted in a leaf size 
distribution of 86.67%. Leaf sizes of less than 10 mm 
had the highest distribution of 48.57%, followed by 
24.52% and 13.57% for leaf sizes of 10-20 mm and 20-
30 mm, respectively. Leaf sizes of {(30-40), (40-50) and 
(> 50)} mm at the moisture content level of 50.12 % w.b. 
and blade cutting speed of 380 rpm had the highest leaf 
size distributions of 13.94%, 1.20% and 7.93%, 
respectively or 23.08% in total.   

Therefore, if the "small size" leaves are needed, 
sugarcane leaves should have low moisture content and 
the cutting speed should be increased. “Small size” 
leaves are suitable for grinding in order to make fuel 
products in the form of pellets and briquettes, or for the 
production of ethanol. When “large size” leaves are 
needed, the cutting speed should be reduced to obtain a 
greater distribution of “large size” leaves, but the percent 
weight may be reduced. This group is suitable for 
instantly used fuel. 

4  Conclusion 

This study investigated the cutting of leaves and size 
distribution of sugarcane leaves using a dump chopper, 
taking into consideration working capacity, percent 
weight, average leaf length and size distribution. The 
variables involved in this study were moisture content 
and blade cutting speed. Working capacity, percent 
weight and average length tended to decrease as cutting 
speed increased and moisture content decreased. 
Therefore, this affected the leaf size distribution, i.e., the 
amount of leaves categorized in the "small size" group 
increased. At a blade cutting speed of 880 rpm and 
moisture content 19.74 % w.b. with a percent weight of 
98.54%, the geometric mean particle length was 9.18 mm 
and the leaf size distribution was {(<10), (10-20) and 
(20-30)} mm. The total size distribution was 86.67 %. 
Leaves with a length of less than 10 mm were distributed 
the most at 48.57 % followed by distributions of 24.52 % 
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and 13.57 % for leaves 10-20 mm and 20-30 mm in 
length, respectively. Reducing the cutting speed caused 
an increase in leaves in the “large size” group. Sugarcane 
leaves with a high moisture content have strong and 
heavy fibers, therefore, reducing the cutting speed left 
some of the sugarcane leaves uncut. This study can be 
used as an initial reference and for suggestions about 
relevant additional factors. Increasing the cutting speed 
may result in an increase of energy consumption. 
Reducing the size of chopped materials also relates to 
other factors, such as how the number of blades used in 
the cutting machine and the material input rate will affect 
the size distribution and energy required for cutting. 

Therefore, further studies should focus on ways in which 
energy consumption can be minimized for the production 
of fuel biomass using suitably sized sugarcane leaves. 
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