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MANUFACTURE AND PERFORMANCE EVALUATION
OF A COMBINATION MACHINE FOR CHOPPING AND
MILLING ARUNDO DONAX (PART II)

El-Sharabasy, M. M. A.! M. M. Badr 2

ABSTRACT

The aim of the present work was to manufacture and evaluate the
performance of a combination machine to be suitable for chopping and
milling the Arundo donax stalks so as to use the final product in many
industrial applications such as: making compost to improve soil properties,
energy source (direct burning and biogas generation) and compressed wood.
The performance of the combination machine was studied under the
following parameters: drum speed, moisture content and feed rate. The
performance of the manufactured machine was evaluated taking into
consideration the following indicators: cut length distribution, machine
productivity, fineness degrees, specific energy and operational cost. The
experimental results reveal that the highest values of cut length percentage <
2 up to 4 cm, machine productivity and fine degree were (78.95%, 600 kg/h
and 82.87%) respectively, while the lowest values of the specific energy and
operational cost were (71.08 kW.h/Mg and 33.33 L.E/Mg), respectively
under the following conditions: drum speed of about 1300 rpm, stalks
moisture content of 14% with adjusting feed rate at 700 kg/h.

1. INTRODUCTION

rundo donax (Giant reed) is a tall, erect, perennial cane-or reed-like
Agrass, 2 to 8 meters high. It is one of the largest of the herbaceous

grasses. The fleshy, almost bulbous, creeping root stocks form
compact masses from which arise tough, fibrous roots that penetrate deeply
into the soil. The culms reach a diameter of 1 to 4 cm and commonly branch
during the second year of growth. These culms are hollow, with walls 2 to 7
mm thick and divided by partitions at the nodes. The nodes vary in length
from 12 to 30 cm. The canes are used for many different purposes such as
roof thatching, fishing rods, reeds in woodwind instruments, etc.
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It is one of the largest herbaceous grasses and even though Arundo donax is a
Cs plant, it shows high photosynthetic rates and unsaturated photosynthetic
potential in comparison with C4 plants, (Pilu et al. 2012). Heaton et al.
(2004) reported that giant reed is one of the most promising crop for energy
production for the Mediterranean climate of Europe and Africa, where it has
showed advantages as indigenous crop (already adapted to the environment),
durable yields, and resistance to long drought period. Several field studies
have highlighted the beneficial effect of giant reed crop on the environment
due to its minimal soil tillage, fertilizer and pesticide. Furthermore it offers
protection against soil erosion. One of the most important land degradation
processes in Mediterranean and US environments. Arundo donax bio-energy
feedstock has an impressive potential for several conversion processes. Dried
biomass has a direct combustion high heating value of 8000 BTUs/Ib.
Spencer (2006) found that Arundo donax has very high amounts of biomass
per unit of land area as documented in many studies looking at standing
biomass of wild infestations and annual productivity of cultivated stands.
This study found an adjusted Arundo stand biomass of 15.5 kg/m?, which is
corroborated by the most comprehensive study evaluating Arundo biomass.
The large amount of biomass is related to high productivity of the plant, high
density of individuals (high cane density), and tall growth form of the plant
(average 6.5 m). In addition to the high amount of biomass per unit of land
area, Arundo has a large amount of energy per unit of dry weight (17 MJ/kg
to 19.8 MJ/kg). These values compare favorably with other fuel crops
(Arundo is one of the highest) and are higher than most native tree, scrub,
and herbaceous assemblages in the riparian zone. This is why fuel crop
producers consider Arundo one of the top potential biofuel crops. Guthrie
(2007) mentioned that Arundo donax plants are often used as erosion control
because the root masses stabilize stream banks and terraces. Arundo has been
suggested as a source of biomass for fuel energy production. It does not
make a good livestock forage because the leaves mature and become
unpalatable quickly. Leaves may be woven into mats and baskets. Stems can
be used for building material, plant supports, fences, screens, roofing,
walking sticks, measuring rods, fishing poles and brooms. The stems are
used make musical instruments like clarinets and bag-pipes. Young stems or
branches can be used in roof thatching. The stem fiber can be used to make
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paper. Rhizomes are edible, raw or cooked. They can be dried out and
ground into a powder to make bread, usually in conjunction with cereal
flours. Arundo is also used to treat dropsy. Elfatih et al. (2010) modified and
evaluated a machine for rice straw chopping under the supervision of
Agricultural Engineering Research Institute and National Research Center.
They found that increasing the cutting drum linear speed from 56.6 m/s to
70.7 m/s, increased the cutting efficiency, the chopper productivity, and the
power requirement by percentage of 3.7%, 2.8% and 0.9%, 57.5%, 55.9%
and 41.7%, 36.8%, 28.6% and 35.9%, respectively, meanwhile, decreased
the energy consumption by percentage of 32.7%, 38.4 and 9% for 35 mm, 25
mm, and 9 mm concave hole diameter, respectively. The shortest composting
period 95 days has been resulted using 25 mm concave holes diameter at 66
m/s cutting drum speed, meanwhile the longest period 140 days has been
resulted using the 9 mm concave holes diameter at 70.7 m/s cutting drum
speed. Also, it has been resulted using the 35 mm concave holes diameter at
56.6 m/s cutting drum speed. The highest cost was 240.7 L.E/Mg,
Meanwhile the lowest cost was 129.2 L.E/Mg. Solomon Tekeste (2012)
developed an engine-driven chopper for chopping the crop residue and hay.
The machine was designed with the following main components: feed
chopper, rotating drum with swinging knives, casing with fixed knives
welded on it, a screen and stands. The machine was tested to evaluate its
performance. The test was conducted using three levels of drum speeds: 960,
1200 and 1400 rpm, and three feed rates: 420, 540 and 660 kg h™*. The test
result showed that the optimum drum speed and feed rate values for both
maize stalk and grass were 1200 rpm 540 kg h™, respectively. The average
size reduction percentage using these optimum combinations was 92.0% and
79.5% for maize stalk and grass respectively. The machine performed well
with output rate ranging from 420 to 660 kg/h and specific energy
requirement of 11 to 20 KJ kgt output.

So, such care had to be taken to manufacture and operate the combination
machine for chopping and milling Arundo donax to be suitable for different
technique industries. Thus, the objectives of this research are to:

e Manufacture a combination machine to be suitable for chopping and

milling the Arundo donax.
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e Optimize some operating parameters: drum speed, moisture content and

feed rate affecting the performance of the combination machine.
e Evaluate the manufactured machine from the economic standpoint.

2. MATERIALS AND METHOD

The experiments were conducted through the year of 2014 at Department of
Agricultural Engineering, Faculty of Agriculture, Zagazig University to
design and manufacture a combination machine to be suitable for chopping
and milling the Arundo donax plant so as to use the product in many
industrial applications such as: animal feeding, making compost to improve
soil properties, energy source (direct burning and biogas generation) and
compressed wood.
2.1. MATERIALS:
2.1.1. The used plant:
Arundo donax (giant reed) was used in this study at different moisture
contents. Some Physical characteristics of the used Arundo donax were
determined before chopping and milling operations such as: length of plant,
diameter of stalk, stalk thickness, and mass of 10 stalks. As well as, chemical
analysis has been estimated for Arundo donax plants.
2.1.2. The manufactured combination machine:
The combination machine suitable for chopping and milling Arundo donax
was manufactured from low cost and local materials at a private workshop in
Zagazig city, Sharkia Governorate. It consists of the main following parts as
shown in Fig.1.
A- Chopping unit:
The chopping unit consists of the following parts:
1) Feed inlet: The chopping unit was supported with a horizontal feed inlet
begins with a wide opening of 66 cm in width and 12 cm in height and ends
with a small opening of 36 cm in width and 8 cm in height to guide the
Arundo donax stalks towards the feeding drums locating at the end of the
feed inlet. The feed inlet has also three inclination sides with total height of
30cm. (Fig.1).
2) Feeding drums: The chopping unit was supported with two drums having
dimensions of 8 cm in diameter and 36 cm in length for each one located at
the end of the feed inlet to hold and guide the Arundo donax stalks with
adequate feed rate to the chopping unit.
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3) Chopping drum: The chopping drum is a horizontal steel shaft with 5 cm
in diameter and 50 c¢cm in length laid on two horizontal bearings and
supported with two steel shears each one ends with a sharp blade having
dimensions of 50 cm in length, 9 cm in width and 3 mm in thickness. The
sharp blade was fixed on the steel shear using four Hex. Hd bolts and nuts at
inclination angle of 28° to introduce Arundo donax stalks to the blades
consequently with less shearing forces. The inclination chopping blades play
as a centrifugal fan to move the chopped materials towards the outlet.

4) Outlet: The outlet having dimensions of 40 cm in width, 35 cm in height
and 130 cm in length with curved shape to facilitate moving chopped
materials into the milling unit.

B- Milling unit:

The milling unit consists of the following parts:

1) Feed hopper: The outlet of the chopping unit with the dimensions
mentioned above plays as the inlet of the milling unit which guides the
chopped materials through this tunnel towards the milling chamber with
adequate feed rate. (Fig.1).

2) Milling chamber: The milling chamber consists of three main parts as
follows:

¢ Milling drum: The milling drum is a horizontal steel shaft with 6 cm in
diameter and 50 cm in length laid on two horizontal bearings and supported
with three steel flanges having diameter of 50 cm and thickness 15 mm, each
flange was bored at its outer circumference to receive four steel shafts with
total length of 48 cm and 2 cm diameter. Each shaft loaded with 8 equal
hammers, each one having dimensions of (35x6x1 cm). The milling drum
has totally 32 hammers with 5 cm between each one on the same shaft.

¢ Cover: The upper half of the milling chamber was supported with inner
steel serrated part in the middle of the cover with total length of 65 cm on the
circumference and average thickness of 3 cm to serve as a cover of the
concave and helps the hammers to more act on the chopped materials.

¢ Concave: The lower half of the milling chamber is a sieve with total length
of 70 cm and width of 50cm bored with 6mm holes diameter. The milled
materials pass down on the slide pan under milling chamber with inclination
angle of 22° on horizontal to facilitate milling materials moving towards the
outlet.
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C- Power transmission:

The combination machine was powered by a small tractor type (Kubota-

M5400) with engine power of 42.65 kW (58hp) at rated speed of 3000 rpm.

In average it will be about 37 kW at tractor (pto). This tractor power was

chosen to cover the power required to operate the machine (31.5kW) which

was calculated theoretically. The tractor engine transmits its rotating motion

to the combination machine by means of double groove pulley with 10 cm in

diameter and two V-belts powered from tractor (pto) to obtain the rotating

speed for both chopping and milling units. Also a flywheel was attached to

the chopping shaft to stop the reduction of the rotating speed noticed

whenever much stalk materials were added to the chopping chamber.

D- The main frame:

The main frame of the combination machine for chopping and milling

Arundo donax stalks is made from iron steel sheet. It includes three hitching

points to be drawn with a small tractor and take its rotating motion from (pto)

using pulleys and V-Belts. The combination machine was carried by four

ground wheels with 55 cm in diameter; two wheels for chopping unit and the

other two wheels for the milling unit. (Fig.1).

2.2. METHOD:

2.2.1. Preliminary experiments:

Preliminary experiments were carried out to evaluate the performance of the

manufactured machine to be suitable for chopping and milling Arundo donax

to be suitable for different technique industries. Modifications were

conducted in chopping and milling units to obtain the desirable cutting length

and milling products.

2.2.2. Experimental conditions:

The performance of the manufactured machine was experimentally measured

under the following parameters for chopping operation:

¢ Four different feed rates of (500, 600, 700, and 800 kg/h).

e Four different chopping drum speeds of (1000, 1200, 1300, and 1400 rpm)
or (18.32, 21.98, 23.81 and 25.64 m/s).

¢ Four different ears moisture contents of (12, 14, 16, and 18 %).

e The milling operation was carried out under the following constant
parameters: hammer milling speed of 1700 rpm (35.59 m/s) and screen
openings of 6mm.
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2.2.3. Measurements and determinations:
Evaluation of the performance of the combination machine for chopping and
milling Arundo donax was based on the following indicators:
e Machine productivity: The machine productivity for chopping and
milling operations was determined using the following equation:

Mp = % , kg/h (1)
Where:
Mp = machine productivity, kg/h.
Ms = mass of milled Arundo donax sample, kg.
t = time consumed in the chopping and milling operations, h.
e Cut length percentage measuring: Randomized samples of chopped
Arundo donax were taken after each treatment to determine the actual length
for each group.
e Fineness degree (particle size distribution): The ground Arundo donax
samples were classified into three main categories according to Henderson
and Hansen (1968). The first one is fine milled FMC (< 3 mm), the second
is medium milled MMC (3-4.2 mm) and the third is coarse milled CMC (>
4.2 mm).
e Required power: The following formula was used to estimate the
required power. (Hunt, 1983):
Po=[F.C(1/3600)pf x L.C.Vx427 x 1, X1, x L/75) x(1/1.36) ], kW (2)

Where:
F.C = Fuel consumption, (I/h).

pf = Density of fuel, (kg/l ), (for gasoline = 0.85).

L.C.V = Calorific value of fuel, (10.000 k.cal/kg).

nwb = Thermal efficiency of the engine, (for Diesel engine, 35%,).

427 = Thermo-mechanical equivalent, (kg.m/k.cal).

nm = Mechanical efficiency of the engine, (for Diesel engine, 85%).

The energy can be calculated as following:

e Specific energy: Specific energy for the milling operation can be
calculated as follows:

Po
SE=——, kW.h/k 3
Mp g 3)
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e Operational cost: The operational cost required for chopping and milling
operation was estimated using the following equation:
C
C =—, LE/Kk 4
op. = M g )

Where:
C =Hourly cost, L.E/h.
The hourly cost of milling operation was determined using the following
equation: (Awady, 1978).

C=E[1+l+t+rj+(1.2w.s.F)+ﬂ ©)
hla 2 144

Where:

p = price of machine, L.E. h = yearly working hours, h/year

a = life expectancy, h. I = interest rate/year

t = taxes, over heads ratio. r = repairs and maintenance ratio
W = power of motor in kW. m = monthly average wage, L.E.

e = hourly cost/kW.h 144= monthly working hours.

3. RESULTS AND DISCUSSION
The obtained results will be discussed under the following items:
3.1. Influence of chopping drum speed and stalks moisture content on
cut length distribution:

The effect of drum speed on cut length percentage is shown in Table 1.
Results show that increasing drum speed from 1000 to 1400 rpm, increased
cut length percentage from 39.23 to 48.21, from 26.34 to 31.93, from 8.00 to
10.89 % at first, second and third groups respectively.

Table (1): Effect of chopping drum speed and stalks moisture content on

cut length percentage.
Cut length percentage, %

Cut length groups Drum speed, rpm Moisture content, %
1000 1200 1300 1400 12 14 16 18
<2 cm (first) 39.23 4162 4737 4821 4512 4737 4376 40.35

(2-4)cm(second)  26.34 2854 3158 3193 3023 3158 29.69 2757
(4-6) cm (third) 800 910 1053 1089 936 1053 946 921
(6-8) cm (fourth) 1157 854 532 500 759 532 886 1048
> 8 cm (fifth) 1486 1220 520  3.97 770 520 823 1239
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While decreased cut length distribution from 11.57 to 5.00 and from 14.86 to
3.97 % at fourth and fifth groups respectively, at constant feed rates of 700
kg/h. The cut length percentage increased by increasing drum speed due to
the increase in chopping force and friction of the Arundo donax stalks on the
cutter-head. The effect of stalks moisture content on cut length percentage is
shown in table 2. Results show that increasing moisture content from 12 to
14 %, increased cut length percentage from 45.12 to 47.37, from 30.23 to
31.58, from 9.36 to 10.53 % at first, second and third groups respectively.
While decreased cut length percentage from 7.59 to 5.32 and from 7.70 to
520 % at fourth and fifth groups respectively. Any further increase in
moisture content from 14 to 18 %, decreased cut length percentage from
47.37 to 40.35, from 31.58 to 27.57, from 10.53 to 9.21 % at first, second
and third groups respectively. While increased cut length percentage from
532 to 10.48 and from 5.20 to 12.39 % at fourth and fifth groups,
respectively at constant feed rate of 700 kg/h.
Higher values of stalks moisture content more than the optimum value tend
to decrease the cut length percentage because of the increase in both weight
and size of stalks, which forced then to move without complete chopping. On
the other side, the lower values of moisture content less than the optimum
value tend to decrease the cut length percentage due to the decrease in both
weight and size of stalks, which cause difficulty in chopping operation.
3.2. Influence of chopping drum speed and stalks moisture content on
machine productivity at different Arundo donax feed rates:
The effect of drum speed on machine productivity is given in Fig.2. Results
show that increasing drum speed from 1000 to 1300 rpm measured at
different Arundo donax feed rates of about 500, 600, 700 and 800 kg/h,
increased machine productivity from 350 to 400, from 405 to 480, from 528
to 600 and from 470 to 550 kg/h, respectively. Any further increase in drum
speed more than 1300 up to 1400 rpm measured at the same feed rates
decreased machine productivity from 400 to 380, from 480 to 446, from 600
to 572 and from 550 to 526 kg/h, respectively at constant stalks moisture
content of 14 %.
Concerning the effect of stalks moisture content on machine productivity,
Fig.2 indicated that the increase in moisture content from 12 to 14 %
measured at different Arundo donax feed rates of about 500, 600, 700 and
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800 kg/h, increased machine productivity from 370 to 400, from 450 to 480,
from 560 to 600 and from 510 to 550 kg/h. Any Further increase in moisture
content more than 14 up to 18 % measured at the same feed rates decreased
machine productivity from 400 to 350 from 480 to 430, from 600 to 522 and
from 550 to 492 kg/h, respectively at constant drum speed of 1300 rpm.

Feed rate, (kg/h) |=o=500 =0=600 =700 =x~=80Q| Feed rates, (kg/h) | == 500 0= 600 =~ 700 =x=800|
740 - 740
% 690 < 690
< 640 < 640
2 A 2 590 —l
2 228 e 2 540 P,
° M X o ) x\\a
5 490 = X 3 490 %
g /u-\ﬁ g /\D\
5 440 [ 5 440 d
© 390 I —— @ 390 —
< 340 = 340
Q Q
g 290 g 290
240 240 T T T T
900 1000 1100 1200 1300 1400 1500 10 12 14 16 18 20|
Chopping drum speed, (rpm) Moisture content, (%)

Fig.2. Effect of chopping drum speed and stalks moisture content on
machine productivity at different feed rates.

The machine productivity increased by increasing chopping drum speed on
account of the increase of milled Arundo donax flow through the screen
openings at the same time unit. With respect to the machine productivity
increased by increasing stalks moisture content due to the increase in weight
of milled stalks.

3.3. Influence of chopping drum speed and stalks moisture content on

fineness degree at different Arundo donax feed rates:

With regard to the effect of drum speed on fineness degree percentage, Fig.3
show that increasing drum speed from 1000 to 1400 rpm measured at
different feed rates of about 500, 600, 700 and 800 kg/h, increased fine
milled percentage from 62.24 to 74.35, from 66.25 to 77.13, from 73.54 to
84.44 and from 68.60 to 79.36 % respectively, also increased medium milled
percentage from 8.63 to 19.20, from 6.30 to 17.00, from 4.16 to 14.13 and
from 7.10 to 18.20 % respectively, while decreased coarse milled percentage
from 29.13 to 6.45, from 27.45 to 5.87, from 22.30 to 1.43 and from 24.30 to
2.44 % respectively, at constant stalks moisture content of 14 %. The
fineness degree increased by increasing drum speed due to the increase in
chopping and milling forces and friction of the Arundo donax stalks on the
cutter-head and hammer mill.
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Fig.3. Effect of chopping drum speed on fineness
degree at different Arundo donax feed rates.
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In respect the effect of moisture content on fineness degree, results in Fig.4
show that increasing stalks moisture content from 12 to 14 % measured at
different feed rates of about 500, 600, 700 and 800 kg/h, increased fine
milled percentage from 65.55 to 72.40, from 68.30 to 75.00, from 76.83 to
82.87 and from 71.45 to 77.20 %, respectively.
Also increased medium milled percentage from 11.24 to 17.56, from 9.60 to
15.80, from 6.65 to 12.05 and from 10.43 to 16.26 %, respectively, while
decreased coarse milled percentage from 23.21 to 10.04, from 22.10 to 9.20,
from 16.52 to 5.08 and from 18.12 to 6.54 %, respectively.
While any further increase in moisture content more than 14 up to 18 %
measured at the same feed rates decreased fine milled percentage from 72.40
to 64.30, from 75.00 to 68.42, from 82.87 to 75.62 and from 77.20 to 70.55
%, respectively, also decreased medium milled percentage from 17.56 to
7.35, from 15.80 to 5.22, from 12.05 to 3.11 and from 16.26 to 6.23 %,
respectively, while increased coarse milled percentage from 10.04 to 28.35,
from 9.20 to 26.36, from 5.08 to 21.27 and from 6.54 to 23.22 %,
respectively at constant chopping drum speed of 1300 rpm.
Higher values of stalks moisture content more than the optimum value tend
to decrease fineness degree because of the increase in both weight and size of
stalks, which forced then to move through the screen openings without
complete milling. On the other side, the lower values of moisture content less
than the optimum value tend to decrease fineness degree due to the decrease
in both weight and size of stalks, which cause difficulty in milling operation.
3.4. Influence of chopping drum speed and stalks moisture content on
specific energy at different feed rates:
As regard the effect of drum speed, Fig.5 show that increasing drum speed
from 1000 to 1300 rpm measured at different feed rates of about 500, 600,
700 and 800 kg/h, decreased specific energy from 121.86 to 106.63, from
105.31 to 88.85, from 80.78 to 71.08 and from 90.74 to 77.55 kW.h/Mg,
respectively. Any further increase in drum speed from 1300 to 1400 rpm,
specific energy will increase from 106.63 to 112.24, from 88.85 to 95.63,
from 71.08 to 74.56 and from 77.55 to 81.08 kW.h/Mg, respectively at
constant stalks moisture content of 14%.
With respect to the effect of moisture content on specific energy, results in
Fig.6 show that increasing moisture content from 12 to 14% measured at
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Fig.5. Effect of drum speed and moisture content on specific energy at
different Arundo donax feed rates.

different feed rates of about 500, 600, 700 and 800 kg/h, decreased specific
energy from 115.27 to 106.63, from 94.78 to 88.85, from 76.16 to 71.08 and
from 83.63 to 77.55 kW.h/Mg, respectively. Any further increase in moisture
content from 14 to 18 %, specific energy will increase from 106.63 to 121.86,
from 88.85 t0 99.19, from 71.08 to 81.70 and from 77.55 to 86.69 kW.h/Mg,
respectively at constant drum speed of 1300 rpm. The higher values of
chopping drum speed and stalk moisture content more than the optimum
values tend to increase the specific energy due to the decrease in machine
productivity.

3.5. Influence of chopping drum speed and stalks moisture content on

operational cost at different feed rates:

As to the effect of drum speed, Fig.6 show that increasing drum speed from
1000 to 1300 rpm measured at different feed rates of about 500, 600, 700 and
800 kg/h, decreased operational cost from 57.14 to 50.00, from 49.38 to
41.67, from 37.88 to 33.33 and from 42.55 to 36.36 L.E/Mg, respectively.
Any further increase in drum speed from 1300 to 1400 rpm, operational cost
will increase from 50.00 to 52.63, from 41.67 to 44.84, from 33.33 to 34.97
and from 36.36 to 38.02 L.E./Mg at constant stalks moisture content of 14%.

In respect to the effect of moisture content on operational cost, results in
Fig.7 show that increasing moisture content from 12 to 14 % measured at
different feed rates of about 500, 600, 700 and 800 kg/h, decreased
operational cost from 54.05 to 50.00, from 44.44 to 41.67, from 35.71 to
33.33 and from 39.22 to 36.36 L.E/Mg, respectively. Any further increase in
moisture content from 14 to 18 %, operational cost will increase from 50.00
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to 57.14, from 41.67 to 46.51, from 33.33 to 38.31 and from 36.36 to 40.65
L.E./Mg at constant drum speed of 1300 rpm. Both higher and lower values
of chopping drum speed and stalk moisture content more or less than the
optimum value tend to increase operational cost due to the decrease in
machine productivity.

Feed rate, (kg/h) | ==500 =0~ 600 =x=700 =x=800) Feed rates, (kg/h) | =500 =0-600 =~ 700 =x=800|
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Fig.6. Effect of drum speed and moisture content on operational cost at
different Arundo donax feed rates.

4. CONCLUSION
The combination machine for chopping and milling the Arundo donax stalks
was manufactured from locally available materials in a private workshop in
Zagazig city and evaluated at Agricultural Engineering Department for
producing milled Arundo donax so as to use the final product in many
industrial applications. The obtained results reveal that the maximum values
of machine productivity and fines degree were (600 kg/h and 82.87%), while
the minimum values of the specific energy and operational cost were (71.08
kW.h/Mg and 33.33 L.E/MQg), respectively under the following conditions:
drum speed of about 1300 rpm, stalks moisture content of 14% with
adjusting feed rate at 700 kg/h.
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