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Abstract

Agricultural residues are producing in large amount but they are used inefficiently that pollute the environment.
Apart from the problems of transportation, storage, and handling, the direct burning of loose biomass in
conventional grates is associated with very low thermal efficiency and widespread air pollution. To overcome
these problems the biomass materials is compressed as 1000 kg/m?® and can increase its density and durability.
In this study a machine was designed to densify grinded biomass materials at optimum level of density to obtain
more than 90% durability. The machine was consist on power screw and slotted tapper die. The grinded material
of particle size less than 5 mm and moisture contents less than 12% passed through hopper and power screw
which was rotating at 300 rpm with a 15 kW electric motor compressed this material through tapper die which was
heated externally by electric heaters. The capacity of machine was 200 kg/hr. The payback period of machine
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was 4 months.
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Introduction

Pakistan is extremely dependent on the use of fossil fuels, mainly
coal and petroleum. The dependency is even more evident in the semi-
urban areas. On the one hand, several small scale industries such as
brick kiln manufacturers, industrial boilers, and food processing and
pharmaceutical industries use coal for thermal/heating purposes,
which results in high greenhouse gas emissions, which are responsible
for climate change [1]. On the other hand, institutional kitchens use
expensive and polluting LPG (liquefied petroleum gas). However, the
rural population in Pakistan does not have access to reliable energy.
The main source of energy for this section of the society is the use of
firewood. The people living in rural areas burn firewood inefficiently
(mainly for cooking), which causes indoor air pollution and releases
harmful black smoke. Thus, only unreliable and dirty energy is available
to the rural population and industries in semi-urban areas [2,3].
Pakistan has millions of tons of unused and available biomass waste.
This loose biomass is currently treated as a waste with no economic
value. It is often burnt inefficiently in open fields, causing air pollution.
However, this ‘waste’ can be turned into a completely environment-
friendly source of energy through briquetting. It contains more oxygen
and low carbon with respect to other fuels [4]. Agricultural residues
are an abundant biomass feedstock [5]. There is a great concern in
using biomass solid fuel, such as pellets or briquettes [6]. Briquettes are
compressed biomass material, which can be used for heat and electricity
generation. Unused, loose, and low-density biomass can be briquetted
to a bulk density of more than 1000 kg/m’. Biomass briquettes can be
used for small and big thermal installations, replacing coal and LPG
[7]. This, in turn, results in significant emission reduction. Biomass
briquettes can also be used in small- and big-scale smokeless stoves
that are based on the gasification technology for commercial cooking,
as well as at home, replacing LPG and firewood. In addition, they
can be utilized in bio-digesters and gasifiers for decentralized power
generation [8]. Energy resources like natural gas, oil, hydro and
nuclear, coal and liquefied petroleum gas (LPG) contribute to 48.3%,
32.1%, 11.3%, 7.6% and 0.6%, respectively of primary energy supplies
of Pakistan [9].

The use of briquettes based on biomass, a renewable source,

will reduce the amount of CO, (carbon dioxide) emitted due to
the burning of fossil fuels like coal and LPG [10]. In addition, the
collection and densification of biomass will generate income for the
rural people, as well as provide a clean energy for the local industry
in an environmentally sustainable manner [11]. Most of the biomass
materials are, however, not suitable for direct utilization, because they
are fluffy, uneven in size and shape and have very low density [12].
These differences not only make difficult to handle, transport and
store the biomass material in raw form. There are numerous ways to
resolve these problems, of which briquetting is the most commonly
utilized technologies [12]. Briquettes are commonly made in piston
press which produces solid briquettes [13]. But, to date, in Pakistan
there is no biomass briquette machine is being manufactured and only
one unit of piston press is currently available which is imported from
India and not in working condition due to unavailability of spare parts.
Therefore, every year thousands of tons biomass is being wasted due to
lack of briquetting machine because farmer do not have enough time
and space to store biomass in a huge quantity. So, a study was planned
to design and fabricate indigenous biomass screw press machine at low
price and also insured the availability of its spare parts.

Methodology

The study was conducted with an overall objective to design and
fabricate an extruder type biomass briquette forming machine.

Procurement of materials

Following materials were purchased to fabricate the extruder type
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Part Name Quantity Description
Electric motor 1 No 20 hp x 900 rpm V.
Power screw 3 No’s High carbide steel 10= L (3)
Electric heater (coils) 3 No’s 1.75 kW each v
Barrel 1 No size according to screw size 270825
Die 1 No 50 mm inner diameter = 1354 P
V-Pulleys 2no’s 150 mm and 540 mm diameter
V-belts 4 No's A-64 P =20mm’
Bearings 2No's UC-250 with brackets As we know that the density of feeding material was 100 kg/m’, so
Angle Iron and M.S . . . . .
Sheet - Main frame and body the mass of material conveyed in one complete revolution of feeding

Breakers, thermostat, temperature gauge,

Electric panel board on off switches efc.

Table 1: Materials purchased to fabricate the extruder type briquette forming
machine.

briquette forming machine (Table 1).

Design of machine

The machine designed for briquetting was of single extrusion
heated-die screw-press type. The main parts of the machine are motor,
pulleys and belts, screw, barrel, heater die and briquette die. Power is
transmitted through pulleys and belts from the motor to screw. The
outer surface of the die was fixed with an electrical coil to heat it about
300°C. The temperature of heater is maintained by thermostat. The
temperature is helpful to melt the lignin in the biomass and used as
a binder. After starting the motor, raw material is fed into screw that
compressed it and extruded through die.

Results were reveled from laboratory experiments (detailed
discussion in R&D section) that 30 MPa is required to compact
biomass upto 1000 kg/m® at 8% moisture content and less than 5 mm
particle size. The machine was designed with following assumption and
requirements

Requirements

From review of literature few assumptions and requirements was
set for machine design such as the minimum capacity of machine
was assumed 200 kg/hr with density of the briquettes < 1000 kg/m®
because the densities of raw materials are ranger from 80 kg/m?-129 kg/
m?®. The durability must be greater than 90% for safe storage, handling
and transportation. The diameter of briquettes was selected as 50 mm
because these briquettes will be used in steam boilers so if diameter
reduce from 50 mm the thickness of wall will also be reduced because
15 mm center hole also necessary for because this hole is due to screw
shaft and also for air circulation during burning. The solid briquettes
not burn completely especially from center point. This hole is also an
advantage of screw press over piston press (Table 2).

Calculations
Diameter and pitch of last flight of compression zone
Volume of last flight of feeding zone =

T
V,= Z{(IOO)Z —(50)*} x 46 = 270825mm’ 1

To calculate pitch of compression zone assume diameter of last
flight of compression zone was 65 mm, and

V. :%{(65)2 = (50)°}x P =1354 P mm’ @

We assumed that the compression ratio was 10. So,

zone was,
m=100 kg/m? x 2.708 x10** m*=0.027 kg

The efficiency of the screw conveyor is 50% [15], than mass of
material conveyed in one full flight of feeding zone in one revolution
was

m=0.02708 x 0.5=0.0135 kg

Now, the density of compacted briquette was assumed, 1000 kg/m?
p,=1000 kg/m’

Volume of briquette was,

V,=1/4 {(50)- (15)%} x 300=535762.5 mm’=5.35 x10"* m*

Mass of briquette was,

m, =1000 kg/m’> x 5.35x 10* m*=0.535 kg

Number of revolutions required to make one briquette,
N=0.535/0.0135=39.5 revolutions (4)
Capacity of machine was assumed, 200 kg/hr.

Number of briquettes made in 200 kg,

Number =374

briquettes

of briquettes= 200/0.535=373.83 briquettes

374 briquettes were made in one hour or 3600 seconds so,
Time required for one briquette= 3600/374=9.62 seconds
We know that revolution required for one briquette was 39.5 so,
Time required for one revolution= 39.5/9.62=4.10 seconds
And revolutions per minutes was
R.P.M=246.36 =246
Driving system

Motor RPM was 900 so design of driving system as follow

D, xR=D,xR, (5)

Shape of briquette Cylindrical
Outer diameter of briquette 50 mm
Inner hole diameter of briquette 15 mm
Length of briquette 300 mm

Machine capacity =~ 200 kg/hr.

Compaction ratio [14] 10
Diameter of screw shaft 50 mm
Size of last feeding zone flight Diameter =100 mm and pitch=46 mm
Density of shredded biomass material 100 kg/m?

Table 2: Requirements to design machine.
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D,x R, 150mmx900
R, 250

Consider belt slip as 2% of each belt. So the calculated RPM of
driven pulley was 250.

D, =

D,=540 mm
Motor power required

We know that the outside diameter of last flight of compression
zone was 65 mm. We also know that from laboratory experiments that
the pressure required to compact biomass up to 1000 kg/m* was 30

MPa. Speed of screw was calculated as 246 RPM (Figure 1).

Coeflicient of friction between screw and feeding material was, u =
0.25 [15]. Helix angle (a) of acme thread calculated as
_ pitch 20
7D  7z(55)

W, = virtual coefficient of friction

tan o 0.115 (6)

B = angle of acme thread

As the angle for Acme threads is p = 14.5°, so virtual coefficient of
friction,
u 0.25

cosf cos 14.5°
We know that the force required overcoming friction at the screw,

pl=tangp, = =0.258 (7)
P=W tan (a+¢,) (8)
W = axial load exerted by screw

Amount of load (W) was calculated form laboratory experiments
as follow,

Pressure= (Force)/Area and Force=Pressure x Area 9)

Pressure = 30 MPa and cross sectional area of briquette was
4, =%{(50)2 —(15)*} =1785.87 mm’

Force=30 N/mm? x1785.87 mm?=53565 N

P-w tan ottan @
1—tan atan @

0.115+0.258

P =53565| ————— =20
1-(0.115%0.258)

} =53565%x0.384

P=20590.6 N

Mean diameter of last flight of compression zone

d=d -2 -65-22_ 55 mm (10)
) 2

Torque required overcoming friction at the screw.

T= Px% = 20590.6><5—25 =566243.43N —mm or 566.24 N—-m (11)

We know that power required to drive the screw, was

27N 2’”70246 =14579.54 watt or 14.57 kW or 19.54 hp ~ 20 hp

=Tw= TXW =566.24x
Results and Discussion

The study was based on three objectives and the results from this
study were discussed according to these objectives. First objectives was

“To design and development a hollow die screw press briquette forming
machine” The complete design of the machine already discussed in
previous chapter (Methodology) a software for designing screw press
briquette machine of any capacity (kg/hr), briquette size (diameter)
and compression ratio was developed. This software required some
primary parameters of machine and the subsequent calculations of
different sample characteristics will emerge on the sheet as results.

Performance evaluation of briquette forming machine

Once the full design was completed, initially machine was tested
with three parameters like moisture contents of selected raw materials,
speed of screw and temperature of die and results shown in Figures
2-4. All the tests were conducted with a 3 phases, 20 horse power, and
970 rpm electric motor. The testing of the screw press gave information
about briquette quality and capacity. The most important findings in
this first step were that the moisture contents, speed of screw, particle
size and temperature of die must be kept at 10%, 250 rpm, 3 mm and
300 °C to certify a good performance respectively [14]. Concluding
from their research, the highest density (1136 kg/m?) of corn stover

Compression screw

Feeding hopper

Figure 1: A 3 dimensional view of 50 mm biomass extruder.
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Figure 2: Effect of moisture contents on durability of selected biomass
materials.
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Figure 3: Effect of screw speed on durability of selected biomass materials.
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Figure 4: Effect of die temperature on durability of selected biomass materials.

was produced from 3.2 mm particle size and at 12% moisture contents
[16] said that the compression ratio was ranging from 5.2-8.6 and
recommended that a maximum of 8.6 times. Temperature played a
crucial role in briquetting process. According to given conditions, the
capacity of machine was found to be 200 kg/hr determined in a 120
minute test. The linear speed at the outlet was 30 mm/sec. The average
individual density was 975 kg/m?-1000 kg/m’, and the densification
ratio was found to be 10, which agreed well with the calculated
densification ratio of 10 as determined during the design of the screw.
Once the first test was finished, the full experimental design was carried
out.

Effect of moisture contents

The trends of effect of moisture content lines on durability of
all type of biomass materials were almost same as shown in Figure
2. The maximum value of durability for all materials like sawdust,
cotton stalks, maize straw and rice straw at 12% moisture contents.
As moisture level were increasing continuously from 12% to onward
the durability of briquettes were decreasing and after 20% moisture
contents the machine was unable to produce briquettes and compacted
material was stuck into the die of machine. When moisture level was
too high than material cannot flow into the flights of screw and die and
stuck badly.

Effect of screw speed

Five different size of driving pulleys were also used to determine
the effect of screw speed on durability of selected biomass materials. It
was observed that briquettes were more durable at slow speed because

of more compaction was occurred but this trend was up to 250 rpm. As
the speed of screw was increased from 250 rpm the compaction was not
firmly and durability of briquettes were decreased as shown in Figure
3. To attain good quality briquettes screw speed should be 250 rpm and
further tests were conducted at 250 rpm of screw.

Effect of die temperature

The third and last parameter was temperature of die from which
required shape of briquettes were produced. The machine was unable
to produced briquettes at a temperature of die below 200°C and
compacted materials were not flowing within die and stuck. After
200°C the machine produced briquettes but not as much good quality
as required so this test extended up to 300°C. The durability of all type of
biomass materials were maximum at 300°C and this value was constant
beyond 300°C so the further tests were conducted at die temperature of
300°C (Figure 4).

Economic analysis

In Figure 5 red line shown the total cost of briquetting technology
including machines, labor and operational costs and green line shown
the net profit if machine operate 8 hours per day and almost 25 days in
a month. By adopting this technology farmers can get some additional
money from crop residues which he presently wasting and polluting
the environment and as mentioned in case study this technology can
also solve electricity problem of rural areas. This technology is highly
economically viable in rural areas of Pakistan and the payback period
of this technology was just 4 months [17,18]. Concluded that the
payback period of piston press briquetting technology was 6 months
(Tables 3 and 4).

Conclusion

From the results we concluded that the production capacity of
screw press machine is 200 kg/m* with 20 hp electric motor power.
Variables like moisture content and particle size plays an important
role in the flow behavior of raw biomass material through any
densification system. The recommended temperature for good quality

Items PKR Remarks
Cost of Shredder 75,000 Complete fabrication cost
Cost of Compactor 200,000 Complete fabrication cost
Cost of raw material . .
(cotton stalk) 2/kg Harvesting+transportation of stalks
Operating cost shredQer + 500/hr PKR 20/kW
Compactor (Electricity)
Operating cost (Labor) 100/hr 10,000/month
Miscellaneous 100/hr Belts+Screw+barrel maintenance etc.
Total experr:gltltjres inone 1100/hr Electricity + labor + maintenance
Machine Capacity 200 kg/hr
Market price of briquettes = 12.5/kg PKR 500/40 kg
Total production 2500/hr rupees 12.5/kg
Net profit 1400/hr 11,200/day and 2,80,000/month at 8
hr/day
Average I_and hc_>|d|ng 283 ha 7 acre
farmers in Pakistan
Average production of
cotton stalks from 3 ha 2900 kg/ha 7:5 tones
Payback period 1.5 years* | Making briquettes of 40 tons biomass

*In Pakistan average land of farmer is 3 ha so he required almost 6 seasons to get
40 tons of biomass so actual payback period for a farmer is 1.5 years

Table 3: Economic analysis of briquetting technology.
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Machine Operational Cost on monthly basis in PKR (millions) ) Briquettes .
Months  Cost (PKR, Operating Cost | Operating cost ) T_ot_al Costin production at Net Pr9f!t n Quantity of biomass (tones)

Millions) (Electricity) (1abor) Maintenance cost Millions (PKR) PKR 0.0125 M/t PKR (millions)
1 0.275 0.15 0.02 0.024 0.469 0.6 0.131 48
2 0 0.15 0.02 0.024 0.663 1.2 0.537 96
3 0 0.15 0.02 0.024 0.857 1.8 0.943 144
4 0 0.15 0.02 0.024 1.051 24 1.349 192
5 0 0.15 0.02 0.024 1.245 3 1.755 240
6 0 0.15 0.02 0.024 1.439 3.6 2.161 288
7 0 0.15 0.02 0.024 1.633 4.2 2.567 336
8 0 0.15 0.02 0.024 1.827 4.8 2.973 384
9 0 0.15 0.02 0.024 2.021 54 3.379 432
10 0 0.15 0.02 0.024 2.215 6 3.785 480
11 0 0.15 0.02 0.024 2.409 6.6 4.191 528
12 0 0.15 0.02 0.024 2.603 7.2 4.597 576

Table 4: Economic analysis for adaptation of briquetting technology.

===Total Cost in millions (PKR)

w

PKR (millions)
[3S)

=== Net Profit in millions (PKR)

Months

Figure 5: Payback period for adaptation of briquetting technology.

briquettes of all biomass materials is 300°C. The optimum range of
moisture contents of raw material for screw press is 8%-10%. From the
different experiments it is concluded that the proposed particle size for
better quality briquettes is 3 mm. Biomass densification is a result of
solid bridges forming between biomass particles that are dependent on
applied pressures and moisture in the biomass. Cost of shredder and
screw press are rupees 75,000 and 200,000 (PKR) respectively. Payback
period for adaptation of this briquetting technology is just 4 months.
Small farmers (4-5 hectare) can easily afford/adopt this technology and
also can earn additional money.
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