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Abstract- In the recent past with the increase in the 

world population the industrialization and 

transportation increase which increase worlds energy 

demand which results in rise in the price of 

conventional fuel. So to meet the energy scarcity we 

have to use some renewable energy source such as 

biomass, but due to their low energy content, high 

moisture content, low density and high emission these 

biomass fuel can’t be directly used as a fuel. So to 

improve these parameters of biomass we convert it into 

pellets of uniform length with high energy density and 

less emission. Due to similar combustion properties as 

of coal these pellets can be used with coal in power 

generation. 

Pellet fuels (or pellets) are bio-fuels made from 

compressed organic matter or biomass. The popularity 

of wood pellets has increased tremendously in the recent 

year, due to their ease of use and recommended over 

wood-fired equipment’s by many commercial facilities 

and homeowners and chooses pellet boilers or stoves. 

They can also be used in the automated feed system as 

they are denser, easy to handle and superior as 

compared to the raw feed stock. Wood along with a 

range of biomass materials can be used for pellets 

making using different types of binder’s material and at 

different die pressure. 

The main aim of this work is to making of pellets from 

different biomass such as rice husk, bamboo power and 

water hyacinth using different binders and moisture 

content. In order to make pellets of good strength from 

different biomass different binders at required amount 

is used. From experimental it has been found that with 

the increase of binder the amount of pressure required 

for pelletization is decreased. Also with the increase in 

die temperature the natural lignin acts as binders to 

flow through the die hole and ultimately decrease the 

required die pressure. 

 

Index terms- Biomass, Pelletization, Bio Fuel, Pellets, 

Renewable 

1. INTRODUCTION 

 

In the continuous past, with the extension in the 

complete masses there is augmentation in the 

industrialization and transportation which depends 

clearly and by suggestion on imperativeness sources. 

To fulfill this extended imperativeness need which 

prompts progression of greater essentialness sources? 

For some earlier years we expend non-sustainable 

power sources to create essentialness, anyway these 

days using coal, oil and gas for our imperativeness 

essential is transforming into an issue. The use of oil, 

coal and other non-sustainable power hotspots for 

power age prompts a high intermingling of poison in 

condition. Moreover with progressively more use of 

the oil subordinates they are fast running out. For 

reducing non-sustainable power source utilize the use 

of biomass start has been bolstered. 

Biomass is a type of sun vitality that is put away in 

structure synthetic bonds between hydrogen, oxygen 

and carbon particles. These substances discharge the 

put away vitality when the obligations of these atoms 

are broken by disintegration or ignition. Biomass 

allude to those plants and plants based materials are 

not utilized for feed and nourishment, it is a quick 

sustainable type of vitality and accessible free as 

misuse of tree and harvests disposed of items. 

Pelletization is a technique of changing over granules 

or fine powders of biomass and mass drugs into 

pretty much nothing, round and barrel formed units, 

known as fuel pellets. Because of various points of 

interest of multi-particulate portion like flexibility in 

releasing structure, lesser subject irregularity, 

extended bioavailability, no peril in segment 

damping, obvious gastric debilitating, etc 

Pellet fills (or pellets) are the kinds of fuel that are 

made by packing natural issue or biomass. Any kind 

of biomass, for example, horticultural deposits, 

mechanical waste and coproducts, virgin wood, 

nourishment waste and vitality yields can be utilized 
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for making pellets. The biomass into pencil estimated 

pellets that is uniform fit as a fiddle, size, thickness, 

dampness and vitality content as it has lower 

dampness which means it has higher BTU esteem 

likewise the thickness of pellet fuel is significantly 

higher than the crude biomass More fuel can be 

moved a given truck. Wood pellets are is most 

regular pellet and are produced using sawdust and 

related squanders. Other modern waste, for example, 

palm bit shells void natural product packs, coconut 

shells, and tree tops and branches. Pellets are ordered 

by their warming worth, fiery debris content, 

dampness substance and measurements of the pellets. 

Pellets fuel can be utilized for private and business 

warming, control age, and cooking. 

 
 

II. LITERATURE REVIEW 

 

Magnus Rudolfsson et al. Torrefaction is the 

procedure wherein the biomass is exposed to a warm 

treatment process at a temperature of 200–350 oC in 

an inactive gas or diminished oxygen air for some 

fitted timespan and improve the gross calorific 

estimation of the biomass. With low Torrefaction the 

power required for pelletization abatement and 

furthermore diminishes the power for making 

biomass control which additionally diminishes with 

decline in dampness content. This part is an 

investigation of consolidated Torrefaction and 

pelletization performed pertinent to modern settings. 

Initially the Scots pine wood chips were torrefied at 

high temperature 291–315 oC and brief time 6–12 

min. At that point utilizing diverse dampness content 

10 to 14% and strainer size of 4 to 6 mm. these 

pellets framed utilizing toerrified materials brings 

about higher mass thickness 558–725 kg m3 and 

toughness 46.3–86.5%. Torrefaction temperature has 

the best impact pursued by torrefaction time and 

dampness content.  

Marius Wohler et al. This paper study the measure of 

emanation by the burning of the wood pellets in a 

regularly utilized home machine, for example, bio 

Chula and pellets stove is principally relies upon the 

ignition trademark and the properties of the pellets. 

This paper gives the impact of pellets of various 

length on the exhibition of the stove in the genuine 

activity. For this three wood test distinctive long are 

tried on two unique kinds of pellets stove under 

examination and non-study condition. The outcomes 

demonstrates an impressive impacts of pellets length 

on the exhibition of the two kinds of stoves and result 

in reduction in the of long pellets contrasted with 

shorter pellets likewise the utilization of the long 

pellets increment essentially particulate and vaporous 

discharge which lessening the warmth yield 

proportion.  

Shalini Graham et al. This paper study and analyse 

the mechanical debasement of the steam detonated 

wood pellets and white pellets because of long haul 

outside capacity and inside capacity. The multi 

month activity is performed of capacity of the pellets 

in the indoor and open air condition and the lessening 

in the sturdiness of the equivalent is contemplated.  

 

III. PELLETIZATION PROCESS 

 

3.1 Pre-Pelletization  

Torre group or Pre Pelletization: Torrefaction which 

otherwise called mellow carbonization in this 

procedures the biomass is exposed to a warm pre-

treatment process which results in up degree of 

biomass into an excellent vitality and carbon bearers, 

as of coal. In this procedure the biomass is exposed to 

a temperature extending from 200 to 300 degree 

Celsius without oxygen for up to 30 min and 

moderate warming procedure prepare biomass 

bringing about discharging of unstable compound. 

Torrefaction has been anticipated as a husky system 

that diminishes the no uniformity among contrasting 
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kinds of feed stocks, and assembling uniform quality 

vitality materials with improve vitality substance. 

Anyway the mass thickness of the torrefing material 

is for the most part lower when contrasted with the 

crude biomass, making ease in vehicles and capacity.  

Table 1: Comparison of torrefied pellets with other 

fuels 

 Wood Wood 

pellets 

Torref

ie 

pellets 

Char

coal 

Coa

l 

Moistures 

content (wt 

%) 

30-45 7-10 1-5 1-5 10-

15 

Calorific 

value (Gj/t) 

9-12 16-20 20-24 26-32 17-

28 

Volatile 

(%db) 

70-75 70-75 55-65 10-12 15-

30 

Bulk 

density 

(t/m3) 

200-

250 

550-

750 

700-

850 

180-

240 

800-

850 

Fixe carbon 

(%db) 

20-25 20-25 28-35 85-87 50-

55 

Energy 

densitty 

(Gj/m3) 

2-3 7-11 15-19 5-7 18-

24 

Table 2: Physical properties comparision 

Types of pellets Dia

met

er(
mm

) 

M

C 

(
%

) 

Parti

cle 

Dens
ity(g/

cm3) 

Bul

k 

den
sity

(kg/

m3) 

High 

heat 

Value
(MJ/k

g) 

Du

rab

ilit
y(

%) 

untreated wood 
chip pellets 

6.4
4 

6.
7 

1.14 673 18.80 80.
5 

Terrified 

woodchips 
pellets mixed 

with 8% wheat 

flour binder, at 
255oC 

6.4

8 

8.

6 

1.22 _ _ 86 

White regular 

pellets terrified 

at 255oC 

6.2

9 

1.

9 

1.16 615 21.07 63.

8 

White regular 

pellets terrified 

at 275oC 

6.1

3 

1.

7 

1.06 589 21.96 63 

White regular 

pellets terrified 

at 290oC 

6.1

4 

1.

5 

0.95 515 24 60.

8 

 

3.2 Pelletization Process:   

The biomass used for pelletization is initially passed 

through the hammer mill to get decrease size and 

uniform quality of biomass powder. This biomass 

powder is squeezed through small opening of die 

having hole of diameter of 6 to 8 mm at very high 

pressure. This high pressure result in a very high 

increase in the temperature of the biomass which 

causes an increase in the lignin present in biomass 

forms a natural binder for the powder for 

pelletization.  

Figure 2: Diagram of fuel pellet manufactures 

 

IV.EXPERIMENTAL WORK ON PELLETZATION 

 

4.1 Pellet and its Different Components 

Wood pellet is a packed pellet from saw dust, at some 

point it likewise name as observed residue pellets. 

Anyway EFB pellet is the pellet compacted from 

EFB short fiber. The EFB pellet is especial utilized in 

business or modern power plant.  

 

4.1.1 Wood Pellets:  

Wood pellet is a compacted pellet from saw dust, at 

some point it additionally name as observed residue 

pellets. Wood pellets contain vitality rough 4.5 to 5.2 

MWh/ton. An expansion in wood pellets 

effectiveness is gotten in the ongoing years and 

pellets offers ignition efficiencies of over 80%. 

 

4.1.2 EFB Fiber: 

The residue of Empty Fruit Brunches EFB will go 

through several processes to refine the EFB into the 

long EFB fiber which further subjected to grinding 

operation and the remaining short EFB fiber which 

directly used for biomass purpose. 

 

4.1.3 Converting EFB Fiber into EFB Pellet: 

Compared with EFB pellets, EFB fiber does not used 

directly as biomass fuel because of the high moisture, 

lower net calorific value and bulk in volume etc, but 

EFB pellet has no such problem. A crusher machine 

is used for chopping the EFB fiber into smaller 

length.  The shorter EFB fiber can directly put into 

the palletize machine and goes through the palletize 

process.  
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4.1.4    EFB Pellet: 

EFB pellet are made from the pulverized, 

compressed, and pelletized Palm Empty Fruit 

Brunches (EFB) through the pellet mill. EFB is the 

by-product for crude palm oil processes. EFB fiber is 

the cheaper renewable source of energy in 

comparison with sawdust and wood chips. They are 

less seasonal and available abundantly so it can 

reduce dependence pellets industry on forest 

resources. 

 

4.1.5    Water Hyacinth Pellets: 

Water hyacinth is one of the top worst water weeds 

all of the world due to its characteristics of faster 

growth rate. And due to it’s easily availability it is 

used as free biomass and utilized for the pellets 

making. 

 

4.2 Gasifier  

The performance of the gasifier is mainly depends on 

the type of the reactor used. There are different types 

of combustor that can be used for different pellts, the 

updraft gasifier was seems to be perform well with 

these pellets. It gives better operating results in terms 

of tar produced during operation, ease of starting the 

fuel, smooth operation for production of producing 

gas and least smoke emitted.  

 

4.3 Equipments  

• Mixer: The mixing of the granulating liquid 

with the biomass powder is one of the major factors 

for the pellets properties. There are mainly two types 

of mixture screw based mixture and planetary 

mixture. The screw based mixture results in good 

mixing of the granulating liquid and pellets formed 

from this is narrower in size and higher in strength 

and density compared to the planetary mixture under 

same condition.  

• Extruder: Among different types of extruder 

the extruder the ram extruder is better than those 

from the gravity feed extruder because with the 

addition of the addition of the water in the granules 

the force required in the ram extruder significantly 

decrease. Thus extrusion allow you to use more with 

amount of with forming much fines and gives pellets 

of higher integrity. An extruder expands the pellets 

through gelatination of starch and gives reduction of 

the density and increased porosity of the biomass. 

Also the axial extruder produces pellets of higher 

density compared to radial screw extruder. Mass flow 

rate through extruder, force on the extrusion screen 

and the roller torque are controlled by (i) the gap 

between screen and the roller blade and (ii) rotation 

speed of the roller. 

• Friction Plate: A large number of factors 

affecting the production of pellets, among these 

factors the design of the spheronizer/friction plate is 

one of the major factor. Two types of design of the 

friction plates are used, cross hatch design and radial 

design. And mainly three types of pattern on the 

friction pellets spiral, radial and waffle form which 

results in different property of the pellets.  

• Extrusion Screen: The opening of the die is 

the die or extrusion screen, different shape of screen 

is used depending upon the requirement. A thicker 

screen is used to withstand high pressure to produce 

high dense pellets. Thin holes are of size 0.5 to1.5 

mm where as thick holes are formed using drill of 

size 1.5 mm and higher, slightly taper and straight 

holes are used for thin screen. The extrusion screen 

with less length to radius ratio produce loosely 

bounded and rough extrudates, whereas with high 

length to radius ratio gives well bounded and smooth 

extrudates. 

 

4.4 Process Parameters 

• Extrusion Speed: The production of the 

extrudate is mainly governed by extrusion speed. A 

high extrusion speed is necessary for more amounts 

of pellets but it decrease the quality of the pellets 

produced. Also with proper binders and design 

parameter the high extrusion speed results in decrease 

in the energy consumption due to decrease in the 

friction between extrusion screen and wall of the die 

and reduce the surface defects of the extrudate. 

• Extrusion Temperature: The study using 

twin shaft extruder gives the effects of extrusion 

temperature on the quality of the pellets. With the 

increase in the temperature the liquefaction of the 

biomass material started which result in increased 

expansion and decreased bulk density of the extruded 

pellets. Due to the higher temperature in extrusion 

spheronization process the free water in granule is 

evaporates in extrusion which affects the final quality 

of the pellets.  

• Spheronizer Load: There is an optimum disc 

load and disc speed for each disc diameter, too high 

load on the granules compress the powder into small 
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region results in decreasing porosity and granules 

fracturing. The mean diameter and pellets density 

increase with increase in the spheronization load. The 

high load result in poor particle-plate interaction and 

low load result in poor particle-particle interaction.  

• Spheronization Time: The quality of the 

sphere is significantly affected by the spheronization 

time. A number of parameter such as particle size 

distribution, change in densities, and increase in 

diameter, higher sphericity and change in the yield of 

certain size were observed. 

 

Drying Method: Drying of the final pellets can be 

done I a number of ways such as fluid bed drying, 

freeze-drying, hot air oven drying and the quality of 

the pellets is significantly influenced by the drying 

technique. Freeze-drying with more number of pores 

open to atmosphere gives more surface area for 

drying than other drying methods. In oven drying due 

to uneven shrinkage gives rough granules of the wet 

powder where as freeze drying retained the size and 

shape of the powder 

 

V.RESULTS AND DISCUSSIONS 

 

Here Water boiling test was carried out for three 

different types of pellets using similar test condition. 

And it is an essential test to check the different 

properties of the fuel used. 

Table 3: Different parameters for each type of pellet 

Parameters Bamboo 

powder 

pellets 

Rice 

husk 

pellets 

Water 

hyacinth 

pellets 

Pellets mass (g) 200 200 200 

Ash content (g) 10.13 16.48 8.28 

Ash content (%) 5.06 8.24 4.14 

Fuel  burnt 189.87 183.52 191.72 

Initial water quantity 

(ml) 

400 400 400 

Final water quantity 

(ml) 

57.7 51.23 45.71 

Water evaporated (ml) 342.3 348.77 354.29 

Total time (sec) 893 915 956 

Calorific value 

(kJ//kg) 

18.5 14.2 13.2 

Fire power  (KW) 3.92 3.22 2.39 

Burning rate (Kg/h) 0.84 0.79 0.97 

Evaporation rate 

(Kg/h) 

1.44 1.66 1.35 

Table 3 shows the entries parameters of Water 

Boiling Test of different types of pellets. By these 

parameters quality of the fuel is decided  

Table 4: Time for each 10 degree rise of temperature 

Temp 

( ) 

2

8 

3

0 

4

0 

5

0 

60 70 80 90 98 

Bamboo 

powder 

0 1

0 

2

6 

6

6 

10

2 

12

7 

15

7 

18

5 

21

1 

Rice 
husk 

0 1
7 

3
8 

6
7 

11
2 

13
9 

16
8 

19
6 

22
8 

Water 

hyacinth 

0 1

5 

4

5 

8

5 

12

4 

16

4 

19

6 

22

0 

25

5 

Table 4. shows the time taken by different types of 

pellets to equal rise in temperature of given amount 

of water. Data shows that bamboo pellets gives quick 

heating and rise in temperature of the water. 

Figure 3: Time temperature profile of bamboo 

powder 

Figure 3show the time temperature profile for 

bamboo powder pellets. For this the time period 

noted for equal increase in temperature and a time 

temperature profile was generated for each type of 

pellets. And it reaches to the highest temperature 

earlier compare to RHP and WHP. 

Figure 4: Time temperature profile of rice husk 

Figure 4 show the time temperature profile for rice 

husk pellets. And the graph shows approximately 

linear relation between time and temperature after 

initial start of burning of pellets.  



© October 2019 | IJIRT | Volume 6 Issue 5 | ISSN: 2349-6002 

IJIRT 148664 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 15 

 

Figure 5: Time temperature profile of water hyacinth 

Figure 5 show the time temperature profile for rice 

husk pellets. And the graph shows similar linear 

relation between time and temperature after initial 

start of burning of pellets. The time temperature 

profile of all type of pellets is shown in these graphs 

helps to compare the heat produced. All profiles take 

almost similar path to reach boiling temperature. 

Figure 6: Fire power of different pellets 

Figure 6. shows the fire power of different types of 

pellets in Water Boiling test results. And figure 

shows that all the rice husk pellets gives higher fire 

power compare to bamboo powder pellets and water 

hyacinth pellets.   

Figure 7: Burning rate of different pellets 

Figure 7 shows the fuel burning rate of different 

types of pellets in Water Boiling test results. And 

figure shows that all the rice husk pellets gives higher 

fuel burning rate compare to bamboo powder pellets 

and water hyacinth pellets.   

Figure 8: Ash content of different pellets 

Figure 8 shows the ash contents of different types of 

pellets in Water Boiling test results. And figure 

shows that all the rice husk pellets gives more ash 

contents than bamboo powder pellets and minimum 

for water hyacinth pellets. 

 

VI.CONCLUSIONS 

 

Biomass is considered as a decent share in 

sustainable power source yet the customary pattern of 

utilization of fossil biomass brings about usage of 

less vitality and generation of higher fiery remains 

from the biomass. A significant technique to utilize 

the accessible biomass as a viable fuel of good 

vitality esteem and less emanation is to utilize it as 

biomass pellets. Likewise roughly every one of the 

kinds of biomass can be utilized for pelletization yet 

some biomass needs some pretreatment before 

pelletization, for example, torrefaction, expansion of 

ointments and fasteners in reasonable sum for good 

pellets generation. This reason can be served by 

utilizing water and various sorts of vegetable oils or 

both.  

In this examination, it was wanted to research 

tentatively the utilization of various vegetable oil 

alongside the water to be most appropriate for 

bamboo powder, saw residue and water hyacinth for 

pellets making. In any case, choice of the covers is 

pivotal assignment in light of the fact that various 

folios have various properties including cost. So as to 

choose the best possible folios material various 

examinations must be performed.  
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Trials are done for various cover's liquid just amazing 

for various biomass and working conditions as 

examined. 

 In order to select proper binders, apart from its 

properties it is necessary to consider stability and 

cost. Taking all this factors considerations it is 

found that soybean oil is found to be the best 

binder and lubricants material for pelletization. 

 Experimentally it has been found that with the 

increase in binder the amount of pressure 

required for pelletization is decrease. 

 Fewer amounts of binders and lubricants are 

required for same die pressure with the increase 

in die temperature as the natural lignin also used 

for binding. 

 Effect of operating parameters and binders 

concentration on pelletization rate is studied for 

different biomasses. 

 Among all the binders used in this study, water 

along with vegetable oils gives the best results 

and is recommended for the pelletization 

applications under normal operating conditions. 

 Pelletization of unmodified wood waste increase 

its energy contents and makes it a full-featured 

substitute for other types of fuel such as coal. 
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