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Introduction 

Bioenergy refers to renewable energy produced from biomass. Biomass is any organic material that has sunlight stored in the 

form of chemical energy. Biomass covers a wide range of organic materials such as trees, plants, and waste materials. 

Numerous sources such as waste fuels, agricultural or energy crops, etc can be used as biomass feedstocks. These biomass 

feedstocks serve as the source of organic matter (Yuan et al., 2008; Zych, 2008; Chum et al., 2012). Fossil fuel resources 

being limited in nature there arises a need for biofuels as they are a renewable source of energy and hence are better than 

fuels derived from fossils. Biofuels are environmentally friendly as compared to petroleum-based fuels because the burning 

of biofuels causes less environmental pollution. The major problem in burning fossil fuel is that a high content of sulfur is 

released into the atmosphere leading to the formation of acid rain. Levels of nitrogen are released into the atmosphere while 

burning a biofuel but on a whole, the net acid rain production is greatly reduced by using biofuels. Production of biofuels 

should be carried in properly because proper biofuel production can greatly help in the reduction of greenhouse gas emissions 

(Uppangala, 2010). Various inexpensive sources could be used to produce Biofuels, including wastes from crops, non-edible 

oils, used vegetable oils, animal fats, etc.  

 

Biomass is a type of plant material that helps in forming the building blocks of the biomass which is obtained from reactions 

taking place between CO2 in the water, sunlight, and air by the process of photosynthesis to produce carbohydrates. Three 

main types of products can be made through Biomass conversion i.e. Electrical/heat energy, Chemical feedstocks and 
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The objectives of present work are to make and develop eco-friendly biofuel by using pine 
needles for environmental conservation and management, to enhance the quality, burning 
process, the durability of the burning using various abundantly available goods in our day-to-
day life such as paper, cardboard, and wood, to create alternative livelihoods for the local 
people and to enhance their economy. Carbonized charcoal-based method has been used to 
make bio-briquettes. Char is mixed with the addition of water according to the desired 
composition of bio-briquettes in the ratio 6:4, 7:3 and 8: 2 of char and clay respectively. Using 
the intentionally designed iron mould, the mixture of charcoal was made into bio briquettes. 
Results indicates that the bio-briquettes of 8:2 composition take lesser time i.e., 6 min to ignite 
when ignited with paper compared to 12 min and 10 min for 6:4 and 7:3 composition and the 
same results can be seen in case of ignition with cardboard. It took 6.5 min to ignite as 
compared to 15 min and 14 min for 6:4 and 7:3 compositions. The results of burning time shows 
the bio-briquette with 7:3 as its composition burnt for a longer period of 80 min when ignited 
with paper and 78 min in the case of cardboard as compared to 68 min and 58 min in case of 
ignition with paper, and 60 min and 50 min in case of ignition with cardboard for 6:4 and 8:2 
composition respectively. The best composition to make bio-briquettes is 7 (char): 3 (clay). Best 
results were experienced when bio-briquettes are ignited with paper comparative to cardboard. 
Bio-briquettes take less time to ignite with paper and burn for a longer period in comparison 
with that of cardboard. Production and use of biobriquettes may reduce the risk of forest fire in 
the forest and also provide the alternative livelihood to the local people. It will also reduce the 
pressure on the forest resources. Further work is needed to make bio-briquettes more reliable, 
cost effective and more environment friendly. 
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Transport fuel. In this study, the particular interest is in the generation of heat energy. In recent years, biomass as an energy 

source has engaged worldwide attention. There are several reasons for it. First, all the technology-based developments which 

are related to the conversion process show promising applications of biomass at relatively lower cost and higher conversion 

efficiency. Second, A major stimulus for renewable energy sources is climate change which is posing a potential threat to the 

environment due to the high emission levels of Greenhouse gases. Biomass can act as a source of employment generation to 

the people and can also lead to biodiversity and pollution control.  

 

As per the Uttarakhand Renewable Energy Development Agency (UREDA), a total area of about 399,329 hectares i.e., 

16.36% of the total forest area in the state is covered with the Chir Pine Forest in the state. Like pine needles, being highly 

inflammable, from the middle of March keep falling off the trees until the monsoon’s onset in July, hence forest fires are 

quite recurring in these areas. This has a significant impact on the environment, further leading to the loss of flora and fauna. 

As per estimates, the Reserve and Van Panchayat forests (excluding wildlife areas) generate about 1.5 million metric tonnes 

(mmt) of pine litter in the state annually. Therefore, about 600,000 mmt is available for industrial applications, even if about 

40% of the estimated quantity is withdrawn as collectible quantity, after making ample allocations for traditional uses. 

Besides pine litter, other biomass such as lantana, parthenium, agricultural crop residue, etc. of about 800,000 mmt is also 

available in Uttarakhand for industrial purposes. 

 

Based on these abundantly available resources, The state has the caliber to produce over 150 MW of energy annually from 

biomass-based projects of up to 250 kW and briquetting/bio-oil units of up to 2,000 mtpa. They help in generation of revenue 

and livelihood and at the same time helps meet the energy needs of the local. Pine tree (Pinus roxburghii), a plant species of 

family Pinaceae is dominated in the forests in Uttarakhand. It is used as a fuelwood, timber and resin. The leaves (needles) is 

fallen in the summer season and cover the forest floor. Pine needles are highly inflammable and one of the major causes of 

forest fire in the state during the summer.  A very huge damage is caused by the forest fire in Uttarakhand every year 

resulting the loss of biodiversity and local assets.  

 

Keeping in view the hazardous nature of pine needles, a concept has been visualized to reduce the amount of pine needles, 

from the pine forests and convert them to various products. The biofuel (bio-briquettes) is one of them. Production and use of 

biobriquettes may reduce the risk of forest fire in the forest and also provide the alternative livelihood to the local people. 

G.B. Pant National Institute of Himalayan Environment (GBPNIHE), Kosi-Katarmal, Almora, Uttarakhand has already 

initiated work on this concept and starts making bio-briquettes by using the pine needles. 

 

Materials and methods 

Study Area 

The present was carried out in Jyoli village cluster (a group of six villages) i.e, Jyoli, Kaneli, Bisra, Khadkuna, Kujyari and 

Dilkote. Jyoli village cluster located between 29
0
36’38” and 29

0
38’13” N latitude and 79

0
34’40” and 79

0
36’35” E longitude 

in Hawalbagh block of Almora district, Uttarakhand. This area falls in lesser Himalayan belt and has a monsoonal cool and 

temperate climate having moderate rainfall. The total area of the village cluster is about 5.29 km2, and the altitude varies 

between 1268 m and 1550 m amsl. An average temperature of the study area is 13.3
0
 C and average annual rainfall of 1,132.5 

mm. ln this village cluster of three Gram panchayats, six villages namely, Jyoli-Khadkuna, Kaneli-Bisra and Kujyari-Dilkote 

are situated. Total population of the village cluster is 1752 (male=906, female=846, M:F=0.93) distributed within 303 

households (Primary Survey, 2020). The SC population is about 28%, and about half of the households fall under BPL 

category. Two villages, namely Khadkuna and Bisra do not have any SC households. About one-third population of the 

village cluster is out migrated. Baseline income (June 2020) of the village cluster from farm based activities including animal 

husbandry ranges from Rs. 600 to Rs. 30000/HH/ year with a mean value of Rs. 5243/HH per year. This village cluster is 

spread over 529 ha area, out of which 67 ha is under forests and a large area (122.1, ha) is under permanent pasture and 

grazing land. Area under cultivation is 213.5 ha and about half of it is culturable waste land.  

 

Methods 

Pinus roxburghii (Chir pine needles) was considered for making the bio-briquettes as they are the main cause of forest fire 

hazards in the state of Uttarakhand during summers. So, they not only prevent the forest fire but also contribute to their 

sustainable utilization along with generating employment to the rural community of the region and bioenergy generation. A 

carbonization pit of size (1m *0.5m*0.5m) was used for burning the chir pine needles collected. A tin sheet was used to 

provide anaerobic conditions in order to produce carbonized char. A sieve of mesh size (0.3 mm *0.3mm) was used for 

separating the unwanted materials such as stone, wood from the char. Clay was sieved before being used as a binder along 

with the biomass char to make bio-briquettes. The iron mould specifically designed to make bio briquettes were used during 

the work. 

 

Briquetting can be defined as a process of using unusable low-density materials and converting them into high-density ones 

by compressing them into solid fuel briquettes with a uniform shape that is easy to use, transport as well as store. Biomass 

briquettes were made using chir pine needles (Pirul). In the month of March, dry pine needles were collected from the forest 

areas and then air-dried for 3-5 days for removing the remaining moisture content. Now, the carbonization pit was filled with 

around 10-12 kgs of dried pine needles and the fire was ignited for combustion to take place. Later it was covered with the 

help of a sheet of tin tight enough so as to seal the passage of air with the soil and it was left to burn for a period of 1-2 hours. 

The Pirul burns slowly in anaerobic conditions and around 30% w/w carbonized char is acquired. As soon as the char cools 
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down it was taken out from the pit, sieved and is mixed with the clay (the sieved soil) which acts as a binder for making the 

bio-briquettes. They are then mixed with the addition of water according to the desired composition of bio-briquettes in the 

ratio 6:4, 7:3 and 8: 2 of char and clay respectively. Using the intentionally designed iron mould, the mixture of charcoal was 

made into bio briquettes (Fig 1).  The mixture was filled directly in the mould and then hammered on a hard surface in order 

to tighten the mixture inside the mould. This is done in order to form more uniform and compact-sized bio-briquettes. To 

enhance the quality of the bio-briquettes formed, it’s burning process and the durability of the burning various abundantly 

available day-to-day household goods such as Paper and Cardboard were used during the testing. Ignition test was performed 

in order to know how much time a biomass briquette with different composition of char and clay takes to initiate the ignition. 

The bio-briquettes of all the desired compositions after their solar drying were ignited one after the other using locally 

available household goods like Paper and Cardboard and their respective ignition time (in minutes) was noted down. The 

burning test was performed in order to analyze the potential of a biomass briquette to burn. The bio-briquettes were left to 

burn wholly after noting down their ignition time. Later, their burning time period was also noted down from the point it 

starts burning to the time they are fully burnt.  
 

 
Fig 1. Different steps of producing bio briquettes from Chir pine needles (Pirul) 

(a) Collection of Pirul from Forests, (b) The carbonization pit, (c) Combustion of Pirul, (d) Covering with tin sheet for charcoal production, 

(e) Obtained Charcoal after combsution, (f) Sieving of the Charcoal, (g)The charcoal obatined after sieving, (h) The Char mixture prepared 

combining clay and water in the required proportions and the logwood (hard surface), (i-k) Making of Bio-briquettes, (l) Prepared Bio-

briquettes 

 

Results and Discussion 

The bio-briquettes have been made out of from Chir pine needles (Pirul) having different compositions i.e. (a) 6 (char):4 

(clay), (b)7 (char):3 (clay), (c) 8 (char):2(clay). Ignition and burning time for different burnt using two different materials is 

given in Table 1 and 2.   

 

Table 1: Ignition time for different combinations burnt using 2 different materials. 

Composition Materials used Ignition time 

6:4 Paper 12 min 

Cardboard 15 min 

7:3 Paper 10 min 

Cardboard 14 min 

8:2 Paper 6 min 

Cardboard 6.5 min 
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Table 2: Burning time for different combinations burnt using 2 different materials. 

Composition Materials used Burning time 

6:4 Paper 68 min 

Cardboard 60 min 

7:3 Paper 80 min 

Cardboard 78min 

8:2 Paper 58min 

Cardboard 50 min 

   

The briquettes were made out of the biomass (Pirul) of varying compositions and evaluated for the time taken by them to 

ignite and then burn completely. This work was done for its viability and as a socio-economic approach towards the 

deforestation and utilization of the bio-resources abundantly available around us. The readings collected for ignition time 

show that bio-briquettes of 8:2 composition take lesser time i.e., 6 min to ignite when ignited with paper compared to 12 min 

and 10 min for 6:4 and 7:3 composition and the same results can be seen in case of ignition with cardboard. It took 6.5 min to 

ignite as compared to 15 min and 14 min for 6:4 and 7:3 composition. The results of burning time show the bio-briquette 

with 7:3 as its composition burnt for a longer period of 80 min when ignited with paper and 78 min in the case of cardboard 

as compared to 68 min and 58 min in case of ignition with paper, and 60 min and 50 min in case of ignition with cardboard 

for 6:4 and 8:2 composition respectively. But a bio briquette that takes less time to ignite and burns for a longer period is the 

one which is more feasible. So, from readings of Table 1 and Table 2, it can be concluded that the best composition to make 

bio-briquettes is 7 (char): 3 (clay). The respective bio-briquette takes 10 min to ignite but burns for a period of 80 min. 

Hence, the desired alternative for the conventional fuelwood.  

 

In addition to it, it was also observed that the best results are experienced when bio-briquettes are ignited with paper 

comparative to cardboard. Bio-briquettes take less time to ignite with paper and burn for a longer period in comparison with 

that of cardboard. 
 

Conclusion 

Pine trees (Pinus roxburghii) are found in abundance in the Uttarakhand Himalaya. In the summer season, its needle-shaped 

leaves dry up and get deposited on the surface of the forest. Due to the presence of resin in these leaves these are very prone 

to fire.  These leaves catch fire immediately and when they catch fire, the fire spreads very fast in the whole forest. Every 

year due to fire, there is a huge loss of biodiversity in the forests of Uttarakhand. Apart from this, forest fire causes life threat 

and loss of property. The Pine tree is a revenue generating and many products made by the use of its trunk and resin but it is 

very difficult to compensate for the damage caused by forest fire. To reduce the risk of forest fire the pine needles may be 

used for some useful products so that the quantity of pine needles from forest fire will reduced from the forests resulting the 

less chances of forest fire. 

 

Government has taken few steps towards this direction by giving some incentive to local people against the collection of pine 

needles from forest fire. Forest department is also making efforts to control the forest fire every year.   But these efforts are 

not enough to control forest fires. If we collect pine needles from the forest and make some useful product out of it, then not 

only can the forest fire be controlled, but it will also help in the economic upliftment of the local people. This practice will 

provide an alternative livelihood for the local people to enhance their economy Therefore, making bio-briquettes from pine 

needles would be an ideal option to make sustain the forests and socio-economic development of the hilly people. To make 

this dream come true efforts are needed to popularize the use of bio-briquettes so that a profitable market can be made for this 

product. To promote this product, there is a great need to improve its quality. It includes the burning time, burning process 

and modification of the stove on which, it is used. Further work is needed to make bio-briquettes more reliable, cost effective 

and more environment friendly. 
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