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Biomass from plants, which have lignocellulosic structure have low bulk
density of 30 kg/m3, is suitable to be pelletized to increase its specific
density (gravity) for easy and inexpensive handling and storage. A new
biomass waste material has evolved in interest due to abundant young
coconut waste produced from famous young coconut drink and shake
business in Melaka, Malaysia. The young coconut pelletization feasibility
needs to be verified by firstly assessing its electrical production cost.
Therefore, this paper aims to measure the electrical production cost for
process involved in young coconut pelletization and analyze its
competitiveness against other biomass material from other countries. This is
executed by assessing the electrical production cost of three main process in
pelletization; crushing, drying and pelleting. The equipments used are
coconut crusher, lab-scaled industrial oven and mini pellet mill. The result

demonstrates a significantly high electrical production cost, which is
MYR141,430/tonne, while other material’s production cost only amounts to
couple of Malaysian hundreds. Processes’ efficiency need to be massively
improved by using drum drying method and by adding blender after crusher
to increase the desired grain size to avoid raw material wastage. Electrical
tariff must also be switched from commercial to industrial tariff.
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1. INTRODUCTION

Biomass from plants, which have lignocellulosic structure have low bulk density of 30 kg/m3.
Their moisture content range on wet basis are between 10% and 70%. Pelleting, which is an alternative
densification process to produce 6 to 8 mm in diameter and 10 to 12 mm long cylinder (pellet), increases the
specific density (gravity) of biomass to more than 1000 kg/m3 [1, 2]. Biomass is densified into pellets to
ensure low and homogeneous moisture content throughout the pellets for inexpensive handling and
decomposing avoidance during storage purpose [3, 4]. In Europe, solid biomass remains as the most essential
part of biomass even though its share in overall contribution in biomass decreased constantly between year
2006 and 2017 [5].

Among popular biomasses that are densified into biomass pellets are wood, rice, wheat and corn
waste [6, 7]. Other famous biomass pellets in Malaysia are originated from wood, oil palm waste and old
coconut coir [8-12]. According to [13], there are two techniques, which can be used to choose the most
favourable plant for solid biopellet; Hierarchical Clustering Agglomerative and Principal Components.
The enlarging market of pellet requires new material consideration beyond wood [14]. Therefore, a new
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biomass pellet material has evolved in interest as young coconut drink and shake is one of not only tourists’
but also locals’ main attraction in Melaka. Based on our previous conducted survey in three main provinces
in Melaka, which are Melaka Tengah, Alor Gajah and Jasin, the young coconut waste is produced
approximately 1 to 2 tonnes per week [15]. However, a feasibility study based on its production cost must be
investigated beforehand to examine whether the price per energy unit from this source is competitive to other
biomass energy sources such as wood and oil palm waste. This is an indicator to prove whether the pellet
production from the young coconut waste is feasible or not.

The pelletization of biomass consists of a several processes: drying, size reduction, densifying,
cooling, screening, and warehousing [3], [16]. According to [3], pellet production cost in North America for
a base case plant capacity of 6 t/h was about $51/t of pellets, while pellet plants with a capacity of more than
10 t/h decreased the costs to roughly $40/t of pellets. The paper reported that the relationship between
production cost and production capacity is exponentially decreasing correlated. Meanwhile, [17] revealed
that briquette production cost, another type of solid biofuel ranged from 66.55 € t—1 to 137.87 € t—1 for rape
straw briquettes and for those made from a mixture of rape straw and rapeseed oilcake (50:50), respectively
in north-eastern Poland. In Canada, switchgrass pellet ranges from $72 to $102/t, whereby its drying cost is
excluded, depending on its raw material cost [18]. Other than that, [19] published that cost of pellet
production is between $78 and $113/t in Sweden and Austria.

Pilot scale demonstration should be carried out to examine the scale up scenario and commercial
viability [20]. However, this paper only focuses on young coconut waste pellet production processes by using
a lab-scaled coconut crusher and pellet mill which has a production capacity of 20-30 kg/h. Despite the small
size of the mini pellet mill, it has features seen on professional large scale professional pellet mills. It has a
conditioning chamber, where crushed raw material will be mixed with any prestored liquid such as water and
oil to either increase or reduce compression within the pellet mill die. It also features a ring die design which
is used by most commercial pellet plants.

This paper calculates only electrical production cost and does not consider the capital cost of
involved machines and excludes the feedstock logistic cost from collection, storage, production to users. [21]
The production cost includes electricity utilization for the crushing, drying by using optimized temperature
from [22] and pelleting processes, water and lubricant utilization for pelleting process (to adjust moisture
level of the feedstock) and raw material cost (young coconut waste). The cost must be in range of other
biomass pellet in order to be produced. Later on, biomass moisture can be further optimized in order to
further reduce the production cost [23]. Moreover, an ecological tax is suggested to be increased on
conventional fuel source such as coal or subsidy should be given to biomass pellet plant set up [12].
This project is hypothesized to prove the feasibility of biomass pellet production from a new biomass
material, which is young coconut waste. The feasibility is proven by comparing the price per kWh of market-
available biomass pellet or other biomass solid fuel like briquette with the new material (young coconut
waste) pellet.

2. METHODOLOGY
2.1. Complete Pelleting Process Overview

In this study, the operation costs were present in a young coconut waste pellet production.
The operation costs were related to cost of electricity consumption for operation. Generally, pellet operation
has three main processes: Crushing process, drying process and pelleting process. In this study, the cost and
energy consumption assessment utilize 963 kgs raw material of young coconut waste. The total energy and
cost used in the pellet production was determined by calculating from three main processes as shown in
Figure 1.
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Figure 1. Flow chart of young coconut waste pelleting process

2.2. Pelleting Process

Young coconut waste (YCW) was collected from young coconut stalls in Melaka at several areas,
mainly from Melaka Tengah region such as Batu Berendam and Bukit Katil. To get smaller grain size of
material for the sieving and drying process, the young coconut waste was crushed for three times in coconut
crusher Trapp TC40, which uses impact cutting, to increase yield of <lmm-grain size. The crushed raw
material went through a pre-drying for 123 hours under the Sun (Open-sun drying method) between 1000 to
1600 to decrease the moisture content to enable the raw material to be sieved. The pieces of young coconut
waste were then manually sieved into the < Imm-grain size. Approximately 11 kgs of the <1 mm-grain size
young coconut feedstock was produced from sieving and the feedstock were dried in a lab-scaled industrial
oven at temperature of 95°C. The process needs about 1603 hours to complete to get feedstock with moisture
content of 9%. About 4kgs of 9% moisture content-feedstock is produced and this quantity is the least
amount, which is required by the mini pellet mill for the pelleting process. The dried feedstock fed into the
mini pellet mill’s hopper and its auger feed directs the feedstock into pelleting chamber, where the feedstock
was compressed through holes from the inside face of a ring die. The pellets were extruded, and an adjustable
knife cut the pellets off to desired length. This pelleting process took approximately 0.83 hour for
4 kgs feedstock. Operation hour for pellet process as shown in Table 1.

Table 1. Operation Hour for Pellet Process

Process Operation duration (hours)
Raw material collection N/A
Crushing 37.04
Open-sun pre-drying (from 1000 to 123.00 (N/A in the production cost calculation)
1600)
Sieving N/A
Lab-scaled oven drying 1603 (for approximately 11 kgs of <1 mm-grain to produce 4 kgs
of 9% moisture content-dried feedstock)
Pelleting 0.83 (including the machine warming up)

2.3. Energy and Cost Consumption Assessment

The main equipment, which were used in pellet production processes are TC40 Trapp crusher, a lab-
scaled industrial oven and a mini pellet mill with 20 to 30 kgs production capacity per hour. The total
electrical energy consumed corresponded to the mentioned equipment only. Figure 2 is steps to calculate the
total energy and cost used in the young coconut waste pellet production.
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Figure 2. Flow chart of calculation for operation cost

The power requirement (kW) was determined by recording the voltage and current by using clamp
meter. Clamp meter measured the line current (1) and potential voltage (V) at three different machines while
the machine is operating with load. The electrical power consumption was determined from measured current
and voltage values as follows equation:

P =V*[*cosiof (D)

Where:
P: Electrical power, kKW
I: electric current, A
V: electrical voltage, V
Cos 0: power factor being equal to cos 30°: 0.86
From electric power consumption amount, the energy consumption can be determined by multiply
electrical power consumption with time, kWh.

E =P*t @)

Where:

E: Electric energy, kwWh
P: Electrical power, kKW
t: Time, h

The energy in (2) is calculated for 4 kgs of 9% moisture content- feedstock due to the minimum
production capacity of the mini pellet mill. The energy consumption per weight can be calculated by dividing
electrical energy from (2) with mass of raw material.

For cost of energy, according to C2 tariff declared by Tenaga Nasional Berhad (TNB) in Malaysia,
the price of kilowatt hour of electric are varies depending on peak and off hour. Since the pelleting processes
were conducted during peak hour at Universiti Teknikal Malaysia Melaka laboratories, the price for all kWh
during peak period is 36.50 cent/kWh. Cost of electrical energy per weight as follows equation:

Cost/mass=Rate*E/mass 3)

Where:

Cost/mass: Total electrical cost of machine operation per mass, MYR/kg
Rate: Energy cost per unit kWh, 36.50 cent/kWh (TNB tariff, C2)
E/mass: Electric energy per mass, kWh/kg
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The energy consumption for per unit pellet mass, J/kg was determined by using bomb caloric meter.
The final cost per joule can be calculated by multiplying the total electrical cost per mass, MYR/kg with the
specific energy consumption, J/kg as following equation:

Cost/Joule=Cost/weight*1/e (4)

Where:

Cost/Joule: Total electrical cost for operated machine per joule, MYR/Joule
Cost/weight: Total cost machine operated per weight, MYR/kg

e: specific energy consumption, J/kg.

3. RESULTS AND ANALYSIS

Electrical production cost is calculated based on measured current, voltage and the corresponding
operated machine duration. Results in Table 2 reveal that electrical cost per mass is MYR141.43/kg produced
pellet. This is equivalent to MYR141,430/tonne young coconut waste pellet. The result is already foreseen,
as a sum of 963kgs of raw material are needed in crushing process, just to obtain 11kgs of <lmm-grain
feedstock after underwent sun pre-drying and sieving process. The 11kg-<1mm-grain feedstock is needed to
produce 4kg-optimum moisture level feedstock, which has 9% moisture content. Four Kilograms is the
minimum production capacity of the mini pellet mill.

The evidence of the cause factors can be seen in following Figure 3. Oven drying process took
significantly long duration if compared to other processes. This relates directly to the increment of electrical
production cost. The drying process costs 96.85% from the total electrical production expenditure. This may
be due to utilization of lab-scaled oven. Therefore, this process needs to be improved by switching to mass
production, changing TNB tariff to industrial tariff and using large scale industrial drum dryer (other drying
method) are expected to inevitably reduce the electrical drying cost. This fact is supported by [19] and [3].
Changing drying method to rotating drum drying is more suitable and cheaper for industrial mass production.

Apart of that, if crushing efficiency can be increased, the total electrical production cost can be most
likely further reduced. This can be done by adding crushing frequency or addition of a blender after the
crusher, as blender cuts, not crushes. This will result a higher amount of <lmm-grain feedstock. Despite of
the smaller percent contribution to the total electrical cost, which is about 3%, it is still significant if
compared to the pelleting process, which only amounted to 0.00014%. The 3% is equivalent to MYR 4,243/t.
In addition, via increasing the crushing/ blending efficiency, lesser raw material will be needed to produce
the same amount of feedstock for drying process.

Table 2. Operation Cost for Pellet Process

Parameters Crusher  Ovendrying  Pellet mill (I)  Pellet mill (11) Total
Weight feedstock (kg) 963.00 11.10 4.00 4.00 N/A
Current, | (Ampere) 6.20 4.70 0.9 8.7 N/A
Voltage, V (volt) 244.70 230.00 56.5 30 N/A
Operation duration, t (minutes) 2222.30 96200.00 50.00 50.00 N/A
Operation duration, t (hours) 37.04 1603.33 0.83 0.83 N/A
Power, P (watts) 1313.88 936.17 44.04 226.03 N/A
Energy, E (kwh) 48.66 1501.00 0.04 0.19 1549.89
Energy per mass, E/W (kWh/kg) N/A N/A N/A N/A 387.47
Electrical production cost per mass,
(MYR/kg) N/A N/A N/A N/A 141.43
Energy content, e (J/kg) N/A N/A N/A N/A 16130.00
Production cost, (MYR/J) N/A N/A N/A N/A 0.01

The end electrical production cost per tonne of young coconut waste pellet is the highest among
other biomass solid fuel due to extremely inefficient lab-scaled drying process. Moreover, initial moisture
content of the raw material also impacts the drying duration and directly the cost. As a feedstock, young
coconut waste is significantly wet if compared to switch grass, rape straw and other common pellet material
like rice husk. The production price is also influenced by crushing performance.

The scenario is massively due to the involved small lab-scaled machines, unsuitable tariff
(commercial tariff) and processes were executed at peak hour as the process is conducted at university’s
facility during the day. This is exhibited by the figure MYR141,430/tonne in Table 3. From the table, it can
be extracted that other pellets/briquette’s production cost only amounts to couple of Malaysian hundreds.
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This is more than 20k folds smaller than the young coconut pellet electrical cost. Different electrical tariff in
distinct countries may be one of the root cause of various resulted production cost. However, it is to be noted
that Table 3-displayed switch grass pellet production price per tonne in Canada excluded its drying cost.

Operation Duration and Electrical
Production Cost vs Process

0 |
Crushing Oven drying Pelleting

u Operation duration, t (hours) u Electrical Energy, E (KWh)

Figure 3. Machine operation duration and electrical production cost relation of every process

Table 3. Minimum and Maximum Production Price per Tonne for Biomass Solid Fuel (Pellet and Briquette)
in Different Countries

Min. Price per Tonne Max. Price per Tonne
Country / Types of Solid Fuel MYRI/t) (MYR/Y)
Canada — Switch grass pellet (without drying) [14] 284.62 403.21
Sweden & Austria — Pellet [15] 308.33 446.69
North-Eastern Poland — Rape straw briquette [20] 356.28 738.09
North America - Biomass Pellet [3] 158.12 201.6
Melaka, Malaysia - Young Coconut Waste Pellet NA 141,430.00

4. CONCLUSION
From the result data and analysis, there are several findings that can be listed out as following:

a) Processes’ efficiency need to be massively improved by switching to most optimum methods to allow
young coconut waste pelletization. Shocking reduction may be experienced by changing the drying
method to the more optimum method, as drying cost dominates the total electrical cost. As for mass
drying, rotating drum drying is the suggested method for the purpose.

b)  The young coconut waste pellet electrical production cost is remarkably high. In pursuance of using the
young coconut waste as new material, the type of utilized electrical tariff needs to be revised from
commercial to industrial tariff.

c) To guarantee the young coconut waste feasibility, crushing process must also be improved by adding
blender after crusher to increase yield of <Imm-grain of feedstock and reduce the amount usage of raw
material.

d) The production cost must be re-evaluated during mass young coconut waste pellet production to enable
satisfying literature comparison.
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