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Abstract 

Most of solid waste in Indonesia, including Acacia magium bark waste in district of 

Tanjung Lago, Banyuasin, South Sumatra province is not handled properly. The solutions 

that can be developed for utilizing Acacia bark waste include easy waste handling, fast 

processing, needed by big scale, and can provide value added by make it into bioenergy 

like biomass pellet.  Pelletized processes consist of three major unit operations, drying, 

size reduction (grinding), and densification. Densification process still need pelletization 

machine. Pellet mill or pelletization machine in Indonesia still expensive because it need 

to be imported from another country, spare parts are still dificult to obtainable and 

complicated for repair process. The goals of this study are design improvment of pellet 

mill and performance test the physical properties of biomass pellets from Acacia 

mangium with added starch. It can be concluded that the physical properties such as 

length, and diameter compliance with requirements of Swedish Standard: SS 187 120, 

ӦNORM M 7135, and Austrian Pellets Association Standard, related to the higher quality 

pellets. 
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1. INTRODUCTION 

Acacia wood (Acacia mangium) is usually 

used for pulp processing, paper, particle board, 

and crate (Francis, 2002). In district of 

Tanjung Lago, Banyuasin, South Sumatera 

province, the waste from Acacia bark 

processing is not handled properly. Acacia 

bark in massive number dumped in the river, 

without further processing to minimize river 

pollution. In this study, Acacia bark will be 

processed into biomass pellet that can be used 

as one of alternative energy resources. It was 

done because of Orwa et al. (2009) stated that 

Acacia have high calorific value, which is 

4800-4900 kcal/kg. 

Biopellet is one solutions of biomass 

utilization into solid fuel, which can give many 

benefit, like environmental problem solution 

and value added (Uasuf and Becker, 2011). 

European developed country have utilized 

biomass into biopellet fuel (Trømborg et al. 

2013). Biomass can produce higher calorific 

value than low rank coal (LRC) which is 4724 

kcal/kg (Munawar and Subiyanto, 2014) and 

also more stable and cheaper alternative 

energy, because of its competitive price than 

other solid fuel (Nunes et al. 2016).   

Biomass pellet utilization as thermal 

energy through combustion (Garcia Maroto et 

al. 2014) for household and small scale 

industry as electrical fuel (Wongsiriamnuay 

dan Tippayawong, 2015), is to give a pressure 

to the material (sawdust) or in smaller size and 

dry to be converted into pellet or cyllinder 

shape with diameter 8 mm (Sjöström and 

Blomqvist, 2014). 

Existing technology still comes from 

another country, which have expensive price 

and spare part is hard to find. Local 

pelletization machine still use single screw 

meat grinder, then added by machine and 

reducer (gearbox) and pulley. The obstacle 

from this machine was the pellet product not 

have maximum pressure, it can be seen from 

the result that still have cavity in the pellet. 

Biomass pellet product should have high 

density and hard so pressure problem machine 

still not maximum. There also pelletization 

machine with pressure system and hydraulic, 

good machine pressure and practice but still 

have low working capacity and longer time. 

The main factors in pelletization machine 

selection are power requirement, working 

capacity, convenience in operation, and price. 
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Pelletization machine that was made by using 

rotation, translation and centrifugal power. 

Main component of pelletization machine are 

roller and dies. 

The objective of this study are to perform 

design improvement of pelletization mill and 

to carry out performance test of the machine by 

using biomass pellets from Acacia mangium 

added with starch. It can be concluded that the 

physical properties such as length, and 

diameter compliance with requirements of 

Swedish Standard: SS 187 120, ӦNORM M 

7135, and Austrian Pellets Association 

Standard, related to the higher quality pellets. 

The use of  starch adhesive because it can 

produce pellet with high durability and high 

hardness, also produce smaller smoke than 

other adhesive (Jezerska et al. 2014). 

2. MATERIALS AND METHODS 

2.1 Materials and Tools 

Material used in this study are starch 

adhesive and accacia bark from Musi river in 

district of Tanjung Lago, Banyuasin, South 

Sumatra province. The tools used in this study 

are pellet mill, calipers, digital scales, 

measuring cups, welding machines, lathes, and 

to draw using software SolidWork 2012. 

2.2 Working Principle of Machine 

Working principle of this pellet mill 

machine is using rotational force and 

translation at the roller, meanwhile the roller 

connected to shaft and produce centrifugal 

force at two roller. Material inside hopper will 

push downward slowly and became solid 

because of the translation force or friction 

between dies and material. Because of the 

rotation force and roller translation that work 

in pelletized board or dies give some advantage, 

there are: produce heat on dies form high and 

long roller rotation (rpm), push material inside 

dies hole, so it became solid and can grind 

material became soft then became pellet that 

can be solid. 

Result of rotation, translation, and 

centrifugal force will produce friction force, so 

it will produce heat to dies. Biomass contain 

lignin (wax like) and can be solid because of 

heat from grinding rotation mechanism and 

pressure from roller. This mechanism predicted 

can produce super quality pellet (hardness > 

1.2 kg/dm
3
). The skecth of pelletization 

machine shown in Figure 1. 

 

 
 

 

 

 

 

 

 

 

Figure 1. 3D design of pellet mill 

 

Material downward speed determined bu 

hopper degree and material weigh. According 

to (Fasina and Sokhansanj 1993) the best 

degree to launch the materials are 20-30
o
. 

hopper degree can be done using bevel 

protactor. Measuring speed material falls are 

done by using the formula:  

 

Speed Material Falls  =  ρg.∆v   (1) 

Roller rotation speed can be known by 

comparison of rotation speed main rotor. This 

is the formula to measure roller speed.  

 

V = ω.R   (2) 

 

where: 

V = linier speed 

ω  = angular speed 

R = radius 

According to Xiao et al. (2014) in 

determine roller diameter for grinding pellet 

making material according to material size. 

This is the equation that developed (Xiao et al 

2014) shown in Equation 4.  

 

 

(3) 

 

From the measurement using the 

Equation 4, the optimum diameter of roller 

will be known and can be use to grind 

biomass material to make pellet.  

Heat conductivity score of alumunium 

238000 and iron 79500 in W/m.C
o 

unit 

(Syaiful, 2014). Thermal effect from 

grinding process has significant impact to 

residual stress generated. Previous research 
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shown high temperature result in tensile 

stress on the surface of the workpiece. 

Jaeger in 1942 in Fergani et al. (2014) 

proposed a method for determine the 

temperature rise based on moving heat 

source. Extention method has been used in 

heat in contact zone expressed as: 
  

(4) 

 
Where 

(5) 

 

 
Explanation:  

q = heat flux 

q0 = average heat flux 

P = grinding power 

lc = contact length 

b = grinding width 

Solution for moving heat source represent 

in Bessel equation by added longer contact 

zone.  

 

(6) 

 
 

Figure 2 shown contact between roller 

and dies with lenght of triangular temperature 

in (x,y) point in working object. 

 

Figure 2. Grinding process and heat 

source(Fergani et al. 2014) 

2.3 Pellet Diameter and Lenght Measurement 

Pellet lenght and diameter measured using 

calipers with 0.05 mm accuracy. Sampling has 

been using quartering method by spread 1 kg 

pellet into 4 parts (100 gram) from each part 

then divided into 4 part (25 gram) and took ¼ 

part from it (5 gram), then got 5 gram sample 

to measure pellet lenght and diameter. 

 3. RESULTS AND DISCUSSION 

3.1 Protototype Pellet mill modification  

According to each pelletization machine 

strength and weakness (Figure 3), there are 

machine pressure, working capacity, practicity, 

and price became factors to determine in 

making pellet pelletization machine. Pressure 

force will produce big friction force so it will 

make calorific value or heat. 

Biomass contain lignin, cellulose, and 

hemicellulose. Lignin compiled 10-25% of 

lignocellulose biomass and produce polymer. 

Lignin also not soluble in water and stable 

naturally, and as adhesive between cellulose 

and hemicellulose. Lignin degraded at 30-

120
o
C (Watkins et al. 2015). Heat energy 

produced form rotary mechanism with 85 rpm 

– 90 rpm and grinding pressure mechanism 

using roller predicted will give print process 

and produced super quality pellet (good 

hardness). 

Roller of Pelletization machine 

mechanism has several advantages, there are 

high throughput, easy maintenance process, 

able to generate heat energy for printing 

process, able to work as pressure and grinder. 

But this mechanism also has disadvantages, the 

machine has premature wear from friction 

process with material and dies. 

 

Figure 3. Pellet mill has been modification 

According to (Xiao et al. 2014) in 

determined roller diameter for grinding 

mineral material based on input of material 

size. Equation from (Xiao et al. 2014) shown 

in equation 2. From the equation optimum 

diameter of roller for biomass grinding can be 

known. The measurement result shown in 

Table 1.  
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Table 1. Needs for roller diameter 

(Xiao et al. 2014) has been modified 

From previous research measurement by 

Xiao et al. (2014), roller measurement based 

on size and dimension of material input. Roller 

selection in this machine design using 90 mm 

diameter roller (Figure 4) and width 50 mm 

with maximum material size 10 mm. One 

roller weight is 1.2 kg, with total weight of 

roller 2.4 kg. Pellet machine capacity are 15 

kg.h
-1

, using3 phase 3 HP 12 Ampere electrical 

motor. The machine use 1:20 gearbox to 

generate rotational speed 72 rpm. Meanwhile 

dies designed using 200 mm with dies hole 

diameter was 7.5 mm and pellet mill 

dimension 700 mm x 400 mm x 650 mm.  

 

Figure 4. Roller mounted on dies 

Pellet standart should be accomplish, 

there are pellet lenght and diameter. Lenght 

and diameter determined based on pellet mill 

working performance. This research used 

Swedish Standart : SS 187 120, ӦNORM M 

7135, and Austrian Pellets Association 

Standard as guidance to determine best pellet 

quality. Pellet standart shown in Table 2. 

Table 2. Biomass pellet quality standard 

 

3.2 Length of Pellet 

According to Table 3, pellet lenght 

from accacia bark was 24-25mm, with 

standard deviation below 1, means pellet 

length match with standard. Good biopellet 

length always supported by materials 

composition, perfect adhesive, high 

pressure force, exact cutter knife setting, 

material mixed equally and water content 

in material. If compared with standart in 

Table 2, biomass pellet lenght already fit to 

standart, with lenght more than 5 mm or 

usually has a length of 4 times the 

diameter. 

Table 3. Measurement length of biomass 

pellet 

L
en

g
th

 (
m

m
) Repetition 

I II III IV V 
23,45 25,37 25,45 25,59 25,95 

24,75 26,59 26,75 25,15 26,72 

24,72 24,72 25,95 25,29 24,88 

24,37 24,75 24,24 26,96 24,56 

Mean 24,32 25,36 25,59 25,74 25,53 

St.Dev 0,60 0,87 1,05 0,82 0,99 

3.3. Diameter of Pellet 

When diameter test, pellet diameter 

produced by pellet mill were 6-6.5 mm, when 

diameter of dies 7.5 mm. This phenomenom 

can be happen because most of material inside 

hopper that will coming from dies hole was 

blocked. The blockage came from adhesive 

material that sticked to dies hole. But this is 

not a disadvantage if pellet mill still have 

production process, this blockage will push the 

material so it wiill produce solid pellet. After 

finished, pellet mill should be cleaned 

immediately  to avoid crust on dies hole that 

will block the dies. 

Compared with standard in Table 2, pellet 

diameter already fit with standard, 4-10 mm. 

Diameter data from pellet mill shown in 

Table 4. 

 

 

 

 

 

 

 

The Size of the 

Feed (mm) 

0.15 0.3 1 5 10 

The diameter roller 

by calculating 

(mm) 

20 25 30 40 90 
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Table 4. Measurement diameter of biomass 

pellet 

CONCLUSSIONS 

Based on biomas pellet physical 

characteristic from Acacia bark waste like 

pellet length and diameter, pellet mill have 

been designed using two roller with each roller 

have 90 mm diameter and produced standard 

quality pellet. Pellet lenght was 24-25 mm with 

6-6.5 mm diameter. Further testing needs to 

relate the effect of various adhesive to pellet 

physical characteristic, proximate test, ultimate 

and pellet lignocellulose to understand the 

change of accacia bark physical change before 

and after processed into pellet. 
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