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This study compared energy consumption during harvest of Miscanthus Giganteus with a New Holland H8080
mower-conditioner among three cutting blade designs being 1) straight, 2) straight, angled at 30° and 3) serrated. Square bales were produced by a New Holland BB9080 large square baler. To calculate energy consumption per unit crop mass in MJ Mg−1, bales of known mass were identiﬁed, and the cutting energy to
produce this bale was calculated by accumulating the mower-conditioner's energy consumption across the
collection area associated with that bale. Energy consumption was also expressed as a Percentage of Inherent
Heating Value (PIHV), where energy consumption was divided by the heating value of Miscanthus Giganteus
(17.7 GJ Mg−1). Average energy requirement for the whole machine were 12.31 MJ Mg−1 (0.070 PIHV),
11.31 MJ Mg−1 (0.064 PIHV), and 9.27 MJ Mg−1 (0.052 PIHV) for straight, angled and serrated blades respectively. Average energy requirements for the header were 9.50 MJ Mg−1 (0.054 PIHV), 8.32 MJ Mg−1 (0.047
PIHV), and 7.20 MJ Mg−1 (0.041 PIHV) for straight, angled and serrated blades respectively. Average energy
requirements for traction were 0.96 MJ Mg−1 (0.005 PIHV), 1.21 MJ Mg−1 (0.007 PIHV), and 1.04 MJ Mg−1
(0.006 PIHV) for straight, angled and serrated blades respectively. The theoretical ﬁeld capacity increased from
straight blades at 1.35 ha h−1 to angled blades at 1.52 ha h−1 to serrated blades at 2.23 ha h−1. Evidently, the
design of cutting blades had a signiﬁcant eﬀect on energy consumption and ﬁeld performance of biomass harvesting equipment.

1. Introduction
Biomass has become the largest source of renewable energy in the
United States, supplying more than 3% of the nation's total energy
consumption. According to the United States Technical Advisory
Committee, the goal is to increase this value to 5% by 2030.
Accordingly, the U.S. Department of Agriculture (USDA) has planned to
increase the use of agricultural crops as biomass for bioenergy [1].
Miscanthus x giganteus, hereafter referred to as “Miscanthus”, is a C4
grass which is slated as a source for the production of ethanol. Recently,
the interest in Miscanthus in the U.S. has increased because of its high
yield and low input demand [2]. Based on a projected average yield of
Miscanthus of 30 Mg ha−1, converting 9.3% of U.S. farmland to a
Miscanthus crop would oﬀset one-ﬁfth of the current U.S. gasoline
consumption [3].
As part of the eﬀort to increase economic sustainability of
Miscanthus, reducing harvesting costs can play an important role [4].
∗

Currently, existing harvesters are used for Miscanthus, but they are
operated at a relatively low speed because of the density and toughness
of the Miscanthus stems compared to other grasses [5]. Therefore, it is
imperative to re-evaluate the operation and design of harvesters to
minimize the energy consumption as well as optimizing ﬁeld performance. The most obvious focus is the cutting mechanism itself, which
includes the blade design, cutting speed as well as adaptations to improve material throughput.
According to a standard published by the American Society of
Agricultural & Biological Engineers, the power requirement of a counter
shear cutting sickle-bar mechanism is 4.5 kW m−1 as opposed to
8.0 kW m−1 for an impact cutting rotary disc [6], and the cutting energy increases markedly when blades become dull [7]. In addition, the
blade oblique angle was found inversely proportional to cutting energy
requirement [8]. These results were conﬁrmed in a laboratory study
which indicated that a straight cut required an average of 8.4 MJ ha−1
as compared to 6.7 MJ ha−1 for a 30° oblique cut and 5.6 MJ ha−1 for a
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60° oblique cut [9]. Another ﬁeld study was conducted in which a single
disc-cutter was used to test the eﬀect of blades with oblique angles of 0°,
30° and 40° angles on a mower-conditioner [10]. The results showed
that the highest energy consumption of 46.1 MJ ha−1 occurred when
using blades of 0° oblique angle and the lowest energy consumption of
9.1 MJ ha−1 occurred when using blades of 40° oblique angle. In a later
ﬁeld study where blades with 0°, 20° and 30° oblique angles were used
on all discs on a mower-conditioner, the average machine energy
consumed was 18.5 MJ Mg−1, 15.9 MJ Mg−1, and 13.5 MJ Mg−1 respectively [11].
In this study, a straight blade, an angled blade as well as a serrated
blade were evaluated in terms of their eﬀect on energy consumption on
a mower-conditioner that was adapted for harvesting Miscanthus
Giganteus biomass. The objective of this study was to compare energy
consumption for the whole machine, and separately for the cutting head
and for traction as well as determination of the theoretical ﬁeld capacity among the three types of cutting blade.

Fig. 2. New Holland BB9080 large square baler powered by a John Deere 7930 tractor.

2. Materials and methods
The equipment used to harvest Miscanthus comprised a 168 kW
New Holland H8080 hydrostatic drive mower ﬁtted with a 750 HD
specialty rotary disc head (Fig. 1) and a New Holland BB9080 large
square baler powered by a John Deere 7930 tractor (Fig. 2). Both
machines were ﬁtted with RTK-GPS position monitoring and a Controller Area Network (CAN) bus. To isolate the header's energy consumption from the machine energy consumption, the mower was ﬁtted
with pressure transducers in the feed and return hydraulic hoses of one
of two hydraulic motors that drove the header (Honeywell, Model Z),
with a range of 68.95 MPa (10,000 PSI). The same type of pressure
transducer was used to measure the pressure diﬀerential across one of
two hydraulic drive motors, allowing calculation of instantaneous
traction power.
The three cutting blade types that were tested on the mower-conditioner are shown in Fig. 3 with the straight blade with 0° angle on the
left, the 30° angled blade in the center, and the serrated blade on the
right. All blades had an overall length of 110 mm, an overall width of
50 mm and a thickness of 4 mm.
The mowing header had a width of 4.7 m featuring 12 discs, spinning at a maximum rotational speed of 3000 RPM. Each disc had two
slots for mounting blades, located 180° relative to each other, for a total
of 24 blades. To accommodate cutting Miscanthus, some modiﬁcations
were made to the header, including a smaller auger to convey materials,
a crop lifter to remove material from the cutting disc, and ﬁngers at the
center of the auger to propel the crop into steel conditioning rolls that
replaced the original rubber rolls.

Fig. 3. Three blade types were compared in this study, from left to right: 0° straight blade,
30° angled blade, and a serrated blade. All blades had an overall length of 110 mm,
overall width of 50 mm and a thickness of 4 mm.

According to the manufacturer's speciﬁcations, the New Holland
BB9080 large square baler required a minimum nominal tractor PTO
power of 91 kW, and produced bales with a width of 1.2 m, a height
0.9 m and a maximum length of 2.6 m. It was equipped with a yield
monitoring system which provided the mass and volume of collected
material, as well its real time RTK-GPS location and time stamp at
0.33 Hz.
The mower-conditioner was ﬁtted with a data acquisition system
comprising a HBM Somat eDAQ data logger which collected CAN bus
data, as well as an HBM EGPS-200 PLUS unit which collected RTK-GPS
data and provided an interface to the hydraulic pressure transducers.
Data were recorded at a rate of 1 Hz including engine rotational speed,
engine torque, hydraulic pressure in the feed and return lines of the
hydraulic motor on the cutting head and drive motors, latitude and
longitude from the RTK-GPS, true ground speed and fuel consumption.

2.1. Field experiments
In this study, a 3.64 ha ﬁeld was split into three approximately
equal-sized subplots, in which the three cutting blades were tested
(Fig. 4). The south-west corner of the ﬁeld was located at lat, lon:
40.062, −88.19953. The Miscanthus crop was harvested in March,
2014, as the moisture content reached a level of approximately 15%.
During the tests, the mower's speed was determined empirically by a
single operator, whose aim was to drive the machine as fast as possible
while cutting the crop completely and preventing material clogging.
Fig. 4 shows the passes of the baler in the ﬁeld, where the numbers
indicate the bale drop order. Notice that the baler did not always follows straight paths because the operator sometimes swerved to pick up
material in low-yielding areas such as the sixth pass from the top of the
map. It also swerved around an antenna tower located in the center of
the plot.

Fig. 1. New Holland H8080 self-propelled mower-conditioner with 750 HD specialty
rotary disc head.
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matched with the closest locations in the mower-conditioner data
ﬁle. For instance, bale No.4 (see Fig. 5) was formed between baler
GPS locations A ( lon4start ) and B (lat4end, lon4end ) . The mower GPS locations closest to A and B were found as locations C and D. Subsequently, the mowing data between location C and D were extracted
and assigned to bale No.4. This procedure was repeated for all selected segments and associated bales.
3. The CAN Electronic Engine Control 1 message (ID 217056256)
contains both the Engine Speed RPM, and the Percent Torque
parameters. Engine Speed RPM was converted to the rotational velocity in rad s−1, and the instantaneous engine torque in Nm, was
calculated from the Percent Torque value multiplied by the engine's
rated torque of 729.2 Nm. Instantaneous engine power was calculated as the product of the latter two parameters. To calculate machine energy consumption, instantaneous engine power was integrated over time. A ﬁlter was applied that removed data points
where the vehicle speed was close to zero, as well as data points
which' values were out of range.
4. The hydraulic power to the header of the machine was calculated by
the measured pressure diﬀerential across the feed and return lines of
one of two hydraulic motors, multiplied by the ﬂow rate through
both motors combined. The ﬂowrate from the New Holland H8080
series speciﬁcations sheet indicates that the rated pump ﬂow to the
header is 302.8 L/min (80 GPM), at a rated engine speed of 2200
RPM (the CAN data showed that during the tests, the engine ran
consistently at rated engine speed).

Fig. 4. A 3.64 ha plot was divided into three parts of approximately equal size to compare
energy consumption of straight, angled and serrated cutting blades.

2.2. Calculation of energy consumption
Data from the eDAQ system as well as from the yield monitor were
imported into MATLAB® R2013b for processing and analysis. To calculate the energy consumption of the mower-conditioner, its header
and hydrostatic transmission, data segments were selected starting just
after dropping a bale, and ending at the dropping of the subsequent
bale. Only uninterrupted straight segments were used where the machine did not turn, back up or swerve around obstacles, as shown in
Fig. 5. The mass of the bale dropped at the end of the segment was then
used to calculate the accumulated energy input for that bale in MJ
Mg−1.
To calculate the energy consumption in each segmented area, the
bale mass, collection area, machine energy consumption, header and
traction energy consumption, and theoretical ﬁeld capacity were calculated as follows:

The hydrostatic transmission of the H8080 machine consist of two
variable displacement pumps driven in tandem with a total maximum
ﬂow output of 310.4 L/min (82 GPM) at a rated engine speed of 2300
RPM. This ﬂowrate propels the machine at a maximum in-ﬁeld speed of
20 km h−1. Since the engine during experiments ran at 2200 RPM, the
hydrostatic transmission pump's output ﬂow during experiments was
calculated as 2200/2300*310.4 = 296.9 L/min (78.4 GPM).
Furthermore, since the ﬂowrate through a motor is proportional to the
rotational speed of the drive motor, the ﬂowrate was multiplied by the
actual machine speed divided by the maximum in-ﬁeld speed. Header
and traction energy were then calculated by integrating instantaneous
hydraulic power over time, in the same manner as for machine energy
consumption. Note that in the pump ﬂow calculations the volumetric
eﬃciency of the pumps was assumed 95% per recommendation of CNH
Industrial (personal communication).
Energy consumption in MJ Mg−1 was calculated by dividing the
accumulated energy per segment by the associated bale mass, and in MJ
ha−1 by dividing the accumulated energy per segment by the associated
collection area. The energy consumption in Percentage of Inherent
Heating Value (PIHV) was calculated by dividing the energy consumption in MJ Mg−1 by the heating value of Miscanthus Giganteus,
which is 17.7 GJ Mg−1.

1. The mass of the bale was calculated by accumulating instantaneous
mass ﬂow data from the baler's yield monitoring system, which
provided RTK-GPS referenced mass ﬂow information every 3 s.
2. To calculate the collection areas for each bale segment, the GPS data
of the segment's start and end points were used to calculate the
length of the segment using conversion equations [12], after which
the length was multiplied by the header width of 4.7 m. To relate the
segment data from the baler to the mower-conditioner measurements, the chosen start and end locations of the segment were

5. Theoretical ﬁeld capacity was calculated by multiplication of the
machine's average true ground speed (from RTK-GPS) in a segment
leading to a bale by the header width of 4.7 m.
3. Results and discussion
The mower-conditioner's machine energy consumption as a function
of yield for the three blade types is shown in Fig. 6. Although the
measurements exhibit ample variability, it is clear that serrated blades
consumed less energy than the 30° angled blades, which, in turn, consumed less energy than 0° straight blades. A comparison between the 0°
straight and 30° angled blade shows that an energy reduction of 8.2% is
possible, corroborating ﬁndings in previous research [8], [9], [10],
[11]. The straight line ﬁt curves in Fig. 6 indicate a weak inversely
proportional relationship between the mowing energy in MJ Mg−1 and
the yield in Mg ha−1.

Fig. 5. Straight segments of the baler path were used to calculate energy input to the
mower-conditioner among three cutting blade types.
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Fig. 6. Machine energy consumption versus yield during
mowing-conditioning of Miscanthus for three cutting blade
designs.

blades. Average energy consumption of the header was 9.50 (1.82) MJ
Mg−1 (0.054 PIHV), 8.32 (0.78) MJ Mg−1 (0.047 PIHV), 7.20 (0.83)
MJ Mg−1 (0.041 PIHV), for straight, angled and serrated blades respectively, whereas the average energy consumption for traction was
0.96 (0.19) MJ Mg−1 (0.005 PIHV), 1.21 (0.17) MJ Mg−1 (0.007
PIHV), and 1.04 (0.22) MJ Mg−1 (0.006 PIHV), for straight, angled and
serrated blades respectively.
Since the mower engine output power was measured from the CAN
bus, and since the header and traction power were calculated individually from hydraulic pressure diﬀerentials across and ﬂow rates
through motors, the average overall eﬃciency of the hydraulic drive
system was also calculated (see Fig. 7) as (9.50 + 0.96)/
12.31 = 85.0%, (8.32 + 1.21)/11.31 = 84.3% and (7.2 + 1.04)/
9.27 = 88.9% for straight, angled and serrated blades respectively.
These numbers should be interpreted with caution, since they are affected by the temperature-related viscosity of the hydraulic ﬂuid, which
was unmonitored.
Table 2 shows the average energy consumption data for the machine, header and traction, in MJ h−1, as well as average power in kW.
In addition, the average machine speed and the calculated Theoretical
Field Capacity values are shown as: 1.35 ha h−1 for the straight blade,
1.52 ha h−1 for the angled blade, and 2.23 ha h−1 for the serrated
blade. In other words, the theoretical ﬁeld capacity using serrated
blades was 1.65 times higher than the theoretical ﬁeld capacity using
straight blades and 1.46 times higher than the theoretical ﬁeld capacity
using angled blades. This shows that serrated blades can yield a signiﬁcant increase in theoretical ﬁeld capacity because the operator can
maintain a higher machine speed while maintaining a good quality of
cut.
The observed diﬀerences in energy consumption of the header are
obviously caused by diﬀerent cutting processes among the three blades.
The speciﬁcations of the 750 HD specialty head of the H8080 mower
state that the tip speed of the blade reaches 301 km h−1 (83.6 m s−1).
Unfortunately, scant literature is available that explains the underlying
physical processes at these cutting speeds. Earlier work used a universal
testing machine to cut stems of Miscanthus at very low speeds [13],
where the authors recognized three cutting processes being compression, local failure in tension and shearing. A comparison between
straight and serrated blades showed that the serrated blade compressed
the stem less than a straight blade. The serrated blade also broke the
cortex into many small parts and caused easier failure due to crosssectional tension. Finally, the stem was cut in the process of shear for
both blades. The serrated blade needed less force in the ﬁrst two processes which causes less energy consumption. When comparing the

Table 1
Student t-test comparisons among straight, angled and serrated blades in terms of a)
machine energy consumption, b) header energy consumption, and c) traction energy
consumption. Note that non-signiﬁcant diﬀerences are denoted in bold.
a) Machine energy, MJ Mg−1

Straight
Angled
Serrated

Straight

Angled

0.1190
2.2929E-08

0.0009

Serrated

b) Header energy, MJ Mg−1

Straight
Angled
Serrated

Straight

Angled

0.0927
1.0001E-05

0.0031

Serrated

c) Traction energy, MJ Mg−1

Straight
Angled
Serrated

Straight

Angled

0.4139
0.4960

0.1950

Serrated

Table 1 shows a 2-tailed t-test to detect diﬀerences in machine,
header and traction energy consumption among the three blade types at
a 95% conﬁdence level. In the case of machine energy consumption,
there were signiﬁcant diﬀerences between the serrated and angled
blade (p = .0009), as well as between the straight and serrated blade
(p = 2.2929E-08). However, the diﬀerence between the angled and the
straight blade was not signiﬁcant (p = .1190). Similarly, in the case of
header energy consumption, there were signiﬁcant diﬀerences between
the serrated and angled blade (p = .0031), as well as between the
straight and serrated blade (p = 1.0001E-05). As was the case for machine energy consumption, the diﬀerence between the angled and the
straight blade was not signiﬁcant (p = .0927). In the case of traction
energy consumption no signiﬁcant diﬀerences were found among the
blade types (all p > .05).
Energy consumption of the mowing machine, its header as well as
traction are shown in Fig. 7. The machine energy was measured as
average (standard deviation) being 12.31 (1.47) MJ Mg−1 (0.070
PIHV) for straight blades, 11.31 (1.51) MJ Mg−1 (0.064 PIHV) for
angled blades and as 9.27 (1.21) MJ Mg−1 (0.053 PIHV) for serrated
169
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Fig. 7. Comparison of machine energy, header energy, and
traction energy among three types of cutting blade.

very high local pressure onto the stem, which initiate the failure of the
stem while the blade itself cuts it through completely.
As shown in Table 2, the diﬀerences in traction energy among all
cutting blades were not signiﬁcant at the 95% conﬁdence level. This
shows that the cutting process is virtually independent of the traction
needed to move the machine forward at a constant speed. The slight
increase in traction energy for the angled blade type could be explained
by the fact that the angled blade did not produce a clean cut, as observed during the experiments in the ﬁeld. This meant that ample
partially cut stems remained the ﬁeld, causing a drag force onto the
header.

Table 2
Average energy and power values among three blade types for a) machine energy consumption, b) header energy consumption, and c) traction energy consumption. Standard
deviations are shown in parentheses.
a)
Machine energy

MJ Mg−1

PIHV

Straight

12.31
(1.47)
Angled
11.31
(1.51)
Serrated 9.27
(1.27)

Machine power

MJ h−1

0.070 293.8
(11.84)
0.064 307.2
(10.08)
0.052 316.9
(10.84)

Machine
speed

TFC

kW

km h−1

ha h−1

81.6
(3.29)
85.3
(2.80)
88.0
(3.01)

2.87 (0.33)

1.35
(0.16)
1.52
(0.27)
2.23
(0.43)

3.24 (0.58)
4.74 (0.92)

4. Conclusions
This study comprised a ﬁeld comparison of the eﬀect of 1) a 0°
straight cutting blade, 2) a 30° angled cutting blade and 3) a serrated
cutting blade on the energy consumption and theoretical ﬁeld capacity
of a mower-conditioner machine while harvesting Miscanthus
Giganteus.
The results showed that while mowing Miscanthus using serrated
blades, the mower-conditioner saved 18.0% of machine energy compared to angled blades and 24.7% compared to straight blades.
However, to put these energy savings into perspective, the machine
energy consumption for all blades is very low relative to the inherent
heating value of Miscanthus, being 0.070 PIHV (Percentage of Inherent
Heating Value) for straight blades, 0.064 PIHV for 30° angled blades
and 0.052 PIHV for serrated blades.
Weak inversely proportional relationships were found between
machine energy consumption in Mg ha−1 and yield in Mg ha−1 for
straight, angled and serrated blades. For machine energy consumption,
signiﬁcant diﬀerences were found for straight versus serrated blades
and angled versus serrated blades, but not for straight versus angled
blades. The same results were found for header energy consumption.
For traction energy consumption, no signiﬁcant diﬀerences were found
among the three blade types.
Arguably, the most useful gain from the use of angled or serrated
blades may lie in the fact that the operator can maintain a higher
machine speed, yielding a signiﬁcant increase in theoretical ﬁeld capacity; the serrated blade's theoretical ﬁeld capacity was 1.46 times
higher than that of the angled blade and 1.65 times higher than that of
the straight blade.
Although these are encouraging numbers, it must be noted that
these results were obtained in tests in a single crop, and that no data
were collected regarding the durability of the blades. In addition, no

b)
Header energy
MJ Mg
Straight
Angled
Serrated

−1

9.50 (1.82)
8.32 (0.78)
7.20 (0.83)

Header power
−1

PIHV

MJ h

kW

0.054
0.047
0.041

227.6 (38.35)
227.6 (19.75)
247.2 (20.01)

63.2 (10.65)
63.2 (5.49)
68.7 (5.56)

c)
Traction energy

Straight
Angled
Serrated

Traction power

MJ Mg−1

PIHV

MJ h−1

kW

0.96 (0.19)
1.21 (0.17)
1.04 (0.22)

0.005
0.007
0.006

22.93 (4.04)
33.01 (3.39)
35.85 (7.17)

6.4 (1.12)
9.2 (0.94)
10.0 (1.99)

straight and angled blades, the main diﬀerence was the relative
movement between the blades' edges and the Miscanthus stem; a
straight blade only applies a force in the direction perpendicular to the
stem, whereas the angled blade applies perpendicular and tangential
forces to the stem, yielding a slicing action. This is why the straight
blade mainly shatters the stem upon impact, whereas the angled blade
cuts it. This may explain why the average energy consumption using the
angled blade was lower than that of the straight blade. While there was
not a clear explanation for the diﬀerence between angled and serrated
blades, a reasonable conjecture is that the serrations cause points of
170
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attempt was made to determine the optimal cutting speed of the angled
blades. Future studies should address these factors.
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