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ABSTRACT    An approach being actively pursued worldwide for the improved and efficient utilization of solid 
waste as biomass is their densification to produce pellets. On the other side, interest for biomass has been increased for 
energy production due to high depletion of fossil fuels and various environmental problems. The productions of biomass 
from two primary land use forestland and agriculture land which are estimated to produce 368 and 998 million dry 
tonnes per year respectively, which can be used to produce bio-fuels. Leafy biomass can convert into pellets which can 
be used as bio-fuel of low cost with high calorific value. Pellets don’t pollute the environment, burn completely with little 
ash content & help in solid waste minimization. The extend use of biomass fuel will permit the energy evaluation in 
agricultural waste which is one of the strategic objectives of waste management regulations and long term 
environmental benefits.  
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I INTRODUCTION 
Bio-pellets can be used for energy production, as their combinations do not release the poisonous gases like 
carbon mono-oxide, particulate matter and green house effect. At the other side, bio-pellets   produced from 
biomass which is a renewable energy source and also help in reduction of solid waste material. Production 
of bio-pellets can also improve the economic status of country. Wood blocks and chips, bark, leaves, sugar 
and starch crops can be used as biomass source which is rich in carbohydrates like cellulose, hemicelluloses 
and lignin. 
Bio-pellets is densified bio-fuels made from pulverized biomass with or without pressing aids usually with a 
cylindrical form with diameter 6-25mm, Random length typically 3-5mm. the process of densification of 
biomass is termed as Pellitization. Bio-pellets can be act as continuous source for power and heat generation 
as it reduces the dependence to wind and solar power that depends upon weather or seasonal changes. The 
pelleting of biomass improves its handling characteristics, increase the volumetric Calorific value reduces 
transportation costs and makes it available for a variety of application. It has higher density and energy 
content and less moist compared to its raw materials. Sometimes pelleting of biomass can be done using 
various techniques, either with or without binder addition (A.B.Nasrin, A.N.Ma,Y.M.Choo, S.Mohamad et  
al.,2008). 
The advantages of pelletization: the rate of combustion is comparable to that of coal; uniform combustion 
can be achieved; particulate emissions can be reduced, the possibility of spontaneous combustion in storage 
is reduced; and transportation, storage, and feeding are made more efficient. Other possible areas of 
application of briquetted or pelletized agricultural residues include firing in residential, commercial, and 
industrial heating systems. They can also be used as fuel in wood stoves and external combustion engines, 
and as raw material for pyrolysis and gasification. Wood pellets in India are mostly used for residential 
cooking and heating (with pellet stoves) and/or commercial purposes. For example, over 400,000 Oorja 
stoves (a combination of a uniquely designed ‘micro-gasification’ device or stove and a biomass-based pellet 
fuel) were sold between 2006 and 2010 in the Indian market. In contrast, biomass pellets are being 
increasingly used for power generation in many countries. In Europe, North America and Asia (viz. China, 
Japan, and South Korea), wood pellets are mostly used for co-firing at coal-fired power plants. It will be 
interesting to see how this application of biomass pellets has evolved in India. 
 

II MATERIAL AND METHODS 
This study has been conducted with the aim of transforming waste biomass available into some useful 
product.  The raw material chosen were fallen leaves and leaf sheath from bamboo leaves. With the help of 
advance technology the waste material is converted into bio-pellets which can be used as bio-fuel. 
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Raw material collection & storage: Leafy biomass was used to manufacture pellets in this study. The raw 
materials used were: Dried fallen leaves and leaf sheath, Binders (Potato starch, cashew oil, etc). The raw 
biomass material was autumn fallen leaves and leaf sheath of bamboo trees in the city of Chandigarh. The 
leaves and leaf sheath were collected from botanical garden of Punjab University campus. The estimated 
collection of both leaves and leaf sheath was 30-40 kilogram. Raw material was kept in cellophane bags 
under airtight conditions. Regular sun drying was done in the college greenhouse area for dehumidifying the 
biomass. 
The production of biopellets from bamboo leaves and leaf sheath: Pelleting is a process reduction of 
size of raw material under high pressure to obtain compact pellets, to be used as fuel. The term pellet can be 
defined as “agglomerated pellets formed by extruding individual or mixtures by compacting and forcing 
through die openings by any mechanical process.” 
The process of manufacturing fuel pellets involves placing ground biomass under high pressure and forcing 
it through a round opening called a “die.” When exposed to the appropriate conditions, the biomass “fuses” 
together, forming a solid mass. This sample collection, material transportation, drying, mixing, addition of 
binders, pellet production, sieving, bagging, and storage & cooling, this process is known as “extrusion.” 
Some biomass (primarily wood) naturally forms high-quality fuel pellets, while other types of biomass may 
need additives to serve as a “binder” that holds the pellet together. However, the creation of the pellets is 
only a small step in the overall process of manufacturing fuel pellets. These steps involve feedstock grinding, 
moisture control, extrusion, cooling, and packaging. Each step must be carried out with care if the final 
product is to be of acceptable quality. (TABLE-1) 

TABLE-1: REPRESENTS THE MANUFACTURING PROCESS WITH EQUIPMENT’S USED FOR PELLET 
PRODUCTION 

1. Size Reduction Chippers/Shredders, Hammer Mills 

2.Material Transportation Fans, Cyclone Separators and Screw Augers 

3. Drying Solutions Oven/Rotary/Drum Dryers 

4. Mixing Solutions Batch Mixers 

5. Conditioning Water and Steam Addition, Binders 

6. Pellet Production Round and Flat Die Pellet Mills 

7. Sieving Removing Fines 

8. Cooling Counter Flow Coolers 

9. Pellet Transportation Bucket Elevators 

10.Bagging and Storage Bags, Sacks and Silos 

 

PHYSICAL CHARACTERISTICS OF BAMBOO PELLETS: 
(a) Pellet dimensions: The pellets were cylindrical in the shape. In order to determine dimensions and unit 
mass, bamboo pellets were randomly selected in each experiment. The length (L) and diameter (d) of each 
sample was measured using a digital Vernier caliper. The mass of bamboo pellet pellets (m) was weighed 
using a precision digital balance. 
(b) Unit density: Unit density (ρu) of bamboo pellets was determined by weighing the individual pellet and 
calculating its volume based on its length and diameter as per the following equation: 
 
 
 

Where Vu is the volume of an individual pellet (cm3), d is the diameter of an individual pellet (mm), L is the 
length of an individual pellet (mm), Ρu is the density of an individual pellet (gm./cm3 ), and mu is the mass of 
an individual pellet (gm.). 
(c) Bulk density: Bulk densities (ρb) were calculated as the ratio of the material mass to the container 
volume. The Bamboo pellets were leveled to the top surface of the container and were weighed using a 
digital balance. The container volume was calculated by measuring its length and diameter. 
 
 
 

 

ρb= mb/Vb 

 

    Vu = π r2h, Ρu= mu/Vu 
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Where ρb is the bulk density (g/cm3 ), Vb is the volume of container (cm3), and mb is the total mass of 
pellets(g). 
(d) Pellet quality:  The simplest way to perform the quality pellet test is to place a pellet in a glass of water, 
if the pellet sinks at the bottom, the pellet has a high density and was formed under sufficient pressure. 
However if the pellet floats, it will be a poorer quality pellet with a lower density, lower mechanical 
durability and more likely to crumble and produce fines   
(e) Pellet Durability: Pellet durability was determined by mass loss of samples. One bamboo pellet was 
randomly selected and weighed using a precision digital balance. The initial mass was recorded. It was then 
put into a glass tube and was put into vortex shaker for vibration. Pellet durability (%) was calculated using 
the following equation:  
 
 
 
where mi=initialmass, mf=finalmass. 
PROXIMATE ANALYSIS OF THE BAMBOO PELLETS: 
(a) Percentage Volatile Matter: The percentage volatile matter (PVM) was determined by pulverizing 2g 
of the pellets sample in a crucible and placing it in an oven until a constant weight was obtained. The pellets 
were then kept in a furnace at a temperature of 550°C for 10min and weighed after cooling in a desiccator. 
The PVM was then calculated using the Equation below:  
 
  
 
Where A is the weight of the oven dried sample and B is the weight of the sample after 10min in the furnace 
at 550°C. 
 (b) Percentage Ash content: The percentage ash content (PAC) was also determined by heating 2g of the 
pellets sample in the furnace at a temperature of 550°C for 4h and weighed after cooling in a dessicator to 
obtain the weight of ash (C). The PAC was determined using the Equation below   :                     
 
 
 
(c) Percentage Moisture content: The percentage moisture content (PMC) was found by weighing 2g of 
the pellets sample (E) and oven drying it at 105°C until the mass of the sample was constant. The change in 
weight (D) after 60min was then used to determine the sample's PMC using the Equation below:  
 
 
 
(d) Percentage Fixed Carbon: The percentage fixed carbon (PFC) was computed by subtracting the sum of 
PVM and PAC from 100 as shown in the Equation below: 
 
 
 
(e) Calorific Value: The Heating value or Calorific value of a combustible material is an important property, 
which may be used to evaluate its effectiveness for using as a fuel and also for the design of chemical 
equipment where it is to be used. The calorific value may be defined as the quantity of heat liberated by the 
complete burning of a unit mass of the fuel with oxygen at constant volume process. In case of gaseous fuel, 
the heat released during the complete combustion of one cubic meter of gas at N.T.P (normal temperature 
and pressure) i.e,1atm pressure at 0°C is the measure of calorific value whereas, the calorific value for solid 
fuel is measured per gram or per kg of solid fuel. The calorific value/heating value of the bio-pellet produced 
was examined using an apparatus known as Bomb Calorimeter. The testing was done at IDMA Laboratories 
Ltd., Panchkula.  
Principle: The Bomb Calorimeter is a classic device used to determine the heating or calorific value of solid 
and liquid fuel samples at constant volume. The name of apparatus rises from the shape of vessel in which 
the fuel is burnt. The bomb is made up of stainless steel and consists of base with a support. On the top of lid 
bomb carries oxygen supply valve through which bomb is charged with theO2 at 25 bar to ensure complete 
combustion power of given fuel. Basically, this device burns a fuel sample and transfers the heat into a 
known mass of water. From the weight of the fuel sample and temperature rise of the water, the calorific 

Pellet durability (%) = 100 – (mi – mf ) / mi 

 

     PMC=𝐷/E×100.  

 

   Fixed Carbon =100 %− (PAC+𝑃𝑉𝑀)  

 

     PAC = C/A × 100 

 

      PVM = 𝐴−𝐵/𝐴 × 100  
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value can be calculated. The calorific value obtained in a bomb calorimeter test represents the gross heat of 
combustion per unit mass of fuel sample. This is the heat produced when the sample burns, plus the heat 
given up when the newly formed water vapor condenses and cools to the temperature of the bomb. Before 
testing gross calorific value of bio-pellets, the calorimeter needs to be calibrated with tablets of benzoic acid 
(calorific value -6325kcal/kg). In one of the tests, as reported in literature, about 1g of bamboo pellets were 
introduced into the Bomb, which was charged slowly with pure oxygen (>99.95 vol%, quality 3.5) to a 
pressure of 3.0±0.2 MPa without displacing the original air(Liu et al. 2013). 
 

III. RESULTS & DISCUSSION 

                                                             
 
 
 

                                                          
 
 

      
 

                                                 
 

FIGURE-1 BAMBOO PELLETS PRODUCTION 
 

The result of the analysis program of densified biomass tested in this study is provided in details. These 
results are discussed and analyzed in the following subsections: 
(I) PHYSICAL PARAMMETERS OF THE PRODUCED BIOPELLETS 
1) Dimensions: The pellets were cylindrical in the shape. In order to determine dimensions and unit 
mass, 10 bamboo leaves and leaf sheath pellets were randomly selected in each experiment. The length (L) 
and diameter (d) of each sample was measured using a digital Vernier Caliper. The mass of bamboo leaves 
and   leaf sheath pellets (m) was weighed using a precision digital balance.  
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Figure 2: Randomly selected pellets for analysis of dimensions 

 
Figure 3: Measurement of Length                                 Figure 4: Measurement of Diameter 

 

 
= 3.455+3.214+3.202+3.346+3.836+3.156+3.57+3.45+3.286+3.55/10=3.3965gms  
 

 
=3.1 + 3.3 + 3.2 + 3.4+ 3.2+3.4+3.4+3.3+3.3+3.4 / 10 = 32.9 / 10 =3.29 cm. 
 

 
= 1.1+ 1.1+ 1.1+1.1+1.1+1.1+1.1+1.1+1.1+1.1/10 = 11/10= 1.1cm 
 
2) Unit density: Unit density (ρu) of bamboo pellets was determined by weighing the individual pellet and 

calculating its volume based on its length and diameter as per the following equation:                        
   (i) Vu  = πr2h 

               (ii) ρu = mu/Vu  
Vu = πr2h  (where, r = 0.302 cm & h = 3.06)  
= 3.14 × (0.55)2× 3.09 = 3.14 × 0.302 × 3.09=3.12cm3 
ρu = mu/Vu  (values as derived above) = 3.3965/3.12 =1.088g/cm3 

3) Bulk density: Bulk densities (ρb) were calculated as the ratio of the material mass to the container 
volume. The bamboo leaves pellets were leveled to the top surface of the container and were weighed 
using a digital balance. The container volume was calculated by measuring its length and diameter,  
 
 
 

Given :-Diameter of container = 6.7 cm, Hence, radius of container  = 3.35cm, Mass   = 260gms, Height = 
10cm  
Volume of container = π r2h = 3.14 × (3.35)2 × 10 = 352.38cm3 
Bulk Density  (ρb)  = mb/Vb = 260/ 352.38  =      0.737 g/cm3 
4) Pellet quality: The simplest way to perform the quality pellet test is to place a pellet in a glass of water. If 
the pellet sinks to the bottom of the container, it has a high density and was formed under sufficient 
pressure. However if the pellet floats, it will be a poorer quality pellet with a lower density, lower 
mechanical durability and more likely to crumble and produce loose particle. 

Average Mass = Total sum of the mass of the pellets / Total number of pellets 

Average Length = Total sum of the length of the pellets / Total number of pellets.  
 

Average Diameter = Total sum of the diameter of the pellets / Total number of pellets .  

 

ρb = mb/Vb 
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Figure 5: (a) Top view & (b) Side view- Pellet sank to the bottom of the container. 

4) Pellet durability: Pellet durability was determined by mass loss of samples. Individual bamboo pellet 
was randomly selected and weighed using a precision digital balance. The initial mass was recorded. It was 
then put into a glass tube and tested on vortex shaker. After 10 min, it was weighed again &final mass was 
obtained. Pellet durability (%) was calculated using the following equation:  
Where, Initial mass (mi) = 1.964gm., Final mass (mf)=1.512 gm  
 
 
 

=100-(1.964-1.512)/1.964 =100-0.452/1.964=99.77%                           
Durability above 90 is considered to be good for transportation and handling purposes (Slayton T et al. 
2008).  
The results of the physical properties of bamboo leaves bio-pellets have been summarized. (TABLE-2)                                                                                                          

TABLE-2: PHYSICAL PROPERTIES BAMBOO LEAVES PELLETS. 
                      PARAMETER                           VALUE              
Length of pellet (cm)                           3.29 
Diameter (cm)                           1.1        
Volume (cm3)                          3.12 
Unit Density (g/cm3)                        1.088  
Bulk Density (g/cm3)                       0.737 
Pellet Durability (%)                       99.77   
Pellet quality                   Very good 
Color                     Brown   
Texture                     Rough             

 

(II) PROXIMATE ANALYSIS OF THE BAMBOO LEAVES PELLETS  
Proximate analysis, which is standardized procedure that gives an idea of the bulk components that make 
up a fuel, was done to determine the average of the percentage volatile matter content, percentage ash 
content, moisture content, percentage content of the fixed carbon & calorific value of the bio-pellet formed. 
(TABLE-3) 
(a) Percentage Volatile Matter: The percentage volatile matter (PVM) was determined by pulverizing 3.4g 
of the pellets sample in a crucible and placing it in an oven until a constant weight was obtained. The pellets 
were then kept in a furnace at a temperature of 550°C for 10min and weighed after cooling inside the 
desiccators (Andrew et al. 2015). The PVM was then calculated using the Equation below: 
 
 
Where A is the weight of the oven dried sample and B is the weight of the sample after 10min in the furnace 
at 550°C. (Given values: A = 3gm., B = 0.39gm.) 

Pellet durability (%) =100 – (mi - mf) / mi  

 

PVM=𝐴−𝐵/𝐴×100  
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PVM = (3 – 0.39 / 3 ) × 100 = (2.61/3) × 100  = 0.87 ×100  = 87%                                                     
(b) Percentage Ash content: The percentage ash content (PAC) was also determined by heating3.4g of the 
pellets sample in the furnace at a temperature of 550°C for 4h and weighed after cooling inside the 
desiccators to obtain the weight of ash (C)(Andrew et al. 2015). The PAC was determined using the Equation 
below:  
 
 
 Given values: A = 3 gm., C = 0.35gm.        
PAC = (0.35 / 3) ×100   = 0.11 × 100 = 11 %     
(c) Percentage Moisture content: The percentage moisture content (PMC) was found by weighing 2gm. of 
the pellets sample (E) and oven drying it at 105°C until the mass of the sample was constant. The change in 
weight (D) after 60min was then used to determine the sample's PMC using the Equation below:  
 
 
 
Values: D = 10 gm., E = 8.93 gm.                         
PMC   = (10 – 8.93) / 10 × 100 = (1.07 / 10) ×100 = 10.7 
(d) Percentage Fixed Carbon: The percentage fixed carbon (PFC) was computed by subtracting the sum of 
PVM and PAC from 100 as shown in the Equation below:  
 
 
 
Where, PAC   = 13.41 % , PVM  =   86.25%  (values as derived above)  
                       = 100 – (13.41 + 86.25) = 100 – (99.66) = 0.34 %                                               
Fixed carbon is the carbon fraction that is bonded in the material besides water, volatile mater & ash. It 
consists of carbon compound & several Hydrogen, Oxygen, Sulphur & Nitrogen. Therefore, it can be 
confirmed that the presence of fixed carbon in the fuel is influenced by ash & volatile matter content 
(Nugrahaeni et al., 2008; Vitidsant et al., 1999). 
(e) Calorific Value: The Calorific value is an important parameter to determine the fuel quality. The 
calorific value of Bamboo Leaves pellet and leaf sheath is 2803kcal/kg. It is affected by moisture content, ash 
content and closely related to the level of fixed carbon (Celma et al., 2007). The fuel’s calorific value 
indicates energy that is chemically bounded in fuel at ambient standard conditions, such as temperature, 
water phase (vapor or liquid), and burning emission (CO2, H2O, etc.) (Palz et al., 1985).   

TABLE-3: PROXIMATE ANALYSIS OF BAMBOO LEAVES PELLETS 
PARAMETERES VALUE 
Percentage Volatile Matter (%) 87 
Percentage Ash Content (%) 11 
Percentage Moisture Content (%) 10.7 
Percentage Fixed Carbon (%) 2 
Calorific Value (kcal/kg) 2803 

 

CONCLUSION 
The present study was conducted with the aim of transformed/ densify the loose agricultural waste / 
biomass into some useful product like bio-pellet / bio-fuel. The physical and proximate analysis of the bio-
pellet formed was then carried out and following conclusions were made: Bamboo leaves pellet generated in 
large quantities, which when burnt directly pollutes environment can be converted into high quality and 
durable solid fuel bio-pellet that will be suitable for both domestic and industrial energy production. 
The volatile, ash and moisture contents of the formed pellets were reported to be 87%, 11% and 10.7% 
respectively The heating value of 2803 kcal/kg or 2.803kcal/g calculated for pellet produced indicates that  
bio-pellet can produce heat required for household cooking and small scale industrial application. 
This experimental investigation concluded that, by using leaves for making pellets, one could make a good 
biomass fuel for household and commercial purposes. Along with this primary advantage of pelleting is that 
light, fluffy biomass is densified, which dramatically reduces the space required to store the material. 
Pelleting also improves material handling operations and increases transportation efficiency. The 
combination of low moisture content (typically below 10%) and highly compressed material gives pellets a 
high energy density, typically three to four times that of wood chips. They are also consistent and flow 

PAC=𝐶/A×100.  

 

PMC = 𝐷/E×100.  

 

Fixed Carbon= 100% − (𝑃𝐴𝐶+𝑃𝑉𝑀)  
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easily, making them particularly attractive in domestic applications. One of the aims of this study was to 
improve the quality of pellets from agricultural/forestry residues and their application in the domestic and 
industrial sectors, especially one of the most common woody residues such as leaves. Their extended use 
will permit the energy appraisal of this kind of agricultural waste, one of the strategic objectives of waste 
management regulations and long term environmental benefits. 
We can conclude that in this preliminary work, pellets were successfully produced to investigate the 
feasibility of exploring pellets and evaluate its energy properties. The result of this research confirmed that 
leaf pellets have the potential to be developed for commercial use, this will result in growing domestic and 
industrial demand of biomass for heat and power production and therefore continuous development and 
improvements is predicted for the upcoming years. 
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