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 ABSTRACT  
 

 In the rural areas, green leaves and stems mainly from vegetable crops, banana, grapes, etc., 
are underutilized after harvesting. Some green leaves and stem are used as fodder for 
animals which is not completely digested by them. Otherwise they are burned or thrown 
away. Green leaves contain proteinous matter, waxes, resin, lignin and cellulose. Many 
people are under impression that green leaves and stems produce good manure. They have 
no idea that cellulose and lignin in these green leaves cannot give good quality of manure 
and even cannot be decomposed easily. Our idea of a Bio-Village will give biogas to the 
villagers. The green leaves and the stems are crushed to produce juice. This juice is 
fermented to produce biogas which can be used for cooking. Also the residual lignin + 
cellulose (lingo-cellulose) can be used to make the doors and windows of houses, furniture 
etc. Here, the ligno-cellulose bonds are partially broken and made them to be in-situ bonds 
again to form dense hard-board.  The strength of ligno-cellulose can be enhanced by adding 
phenol resin to the ligno-cellulose residue. We assume that a group of few villages come 
forward to produce biogas centrally which further can be distributed amongst them. The low 
cost set up for manufacture of particle wood can also be established in the village which can 
provide the employment to the villagers. Gandhiji always said that Villages should prosper, 
then Country will prosper and then the World.  
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INTRODUCTION 
There are several competing ideologies 

in vogue that are driving public opinion. On 
one hand, there is a growing need to create 
jobs, provide sufficient food and expand 
recreational opportunities and thus improve 
the standard of living. On the other hand, 
there are concerns about energy consum-

ption, expanding world population, environ-
mental population, maintaining forest areas, 
and the conservation of natural resources. It 
has become essential that each and every part 
of available natural resources must be 
utilized in a right way without disturbing the 
nature cycle. India has a huge biomass like 
tree-leaves, stems, small plants, grasses, 
forest waste and agricultural residue. In the 
agro-based country like India there is lot of * Author for correspondence 
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agricultural waste remains obtained after 
removal of required food grains, fruits, 
vegetables etc. A small part of this 
agricultural waste is used as fodder and the 
waste material is thrown away or burned. 
Every agricultural waste cannot be used as a 
fodder because a component called lignin is 
not digested by animals.  

Nowadays, the awareness has been 
increased to use this agricultural waste for 
producing biogas and the left over slurry as a 
manure. In addition to above, there is another 
way where every part of plant in agricultural 
or vegetable waste can be used for utility 
products. The main product is biogas, an 
environment friendly green fuel.  

The extract of green leaves obtained 
after crushing is used for biogas production. 
The residual matter left behind after 
extraction containing lignin and cellulose. 
This lignocellulose cannot be biodegraded 
easily and can be used for making marine 
board, an eco-friendly durable board which 
would avoid the cutting of forests for wood. 

About Biogas 
 Biogas typically refers to a (biofuel) gas 

produced by an anaerobic digestion or 
fermentation of organic matter including 
biodegradable feedstock, sewage, municipal 
solid waste, etc.  Biogas mainly comprises of 
Methane and Carbon dioxide. The anaerobic 
digestion process uses a biomass with high 
moisture contents (sometimes up to 95% of 
water), and uses a mixed population of 
bacteria to slowly breakdown the organic 
materials into sucrose and then into various 
acids. These acids subsequently decompose 
into a mixture of gases mainly of Methane, 
Carbon dioxide and small quantity of Hydro-
gen Sulphide. Biogas can be burnt directly 
for cooking, heating, lighting, vehicle fuel,  

etc. It can also be used for refrigeration or in 
generating electricity, but it is not as efficient 
or cost effective as using the gas for heat. 
Table  1 : Biogas composition  

 

 
Stages of Anaerobic digestion 
First Stage Hydrolysis - The  complex 
organic molecules are broken down into 
simple sugars, amino acids and fatty acids 
with the addition of hydroxyl groups.  
Second stage Acidogenesis - A further 
breakdown of simple sugars, amino acids 
and fatty acids into simpler molecules that 
are volatile fatty acids (acetic, propionic, 
butyric, valeric) occurs. This produces 
Ammonia, Carbon dioxide and Hydrogen 
Sulphide as by products.  
Third stage Acetogenesis - The simple 
molecules formed from acidogenesis are 
further digested to produce Carbon dioxide, 
Hydrogen and mainly acetic acid. 
Fourth stage Methanogenesis - Finally, 
Methane, Carbon dioxide and water are 
produced1,2. 

 

 
Matter 

 

 
% 

 
Methane,CH4 

 
50-70 

 

Carbon dioxide, CO2 
25-50 

 

Nitrogen, N2 
0-10 

 

Hydrogen, H2 
0-1 

 
Hydrogen Sulphide, H2S 0-3 

Oxygen, O2 0-2 
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Fig. 1 : Chemical Stages in Biogas Production 

The overall chemical stages in biogas 
production are shown in Fig. 1 

andcorresponding simplified chemical 
reaction of the process is given in Eq (1) 

C6H12O6  ---- 3CO2 (g)  + 3CH4(g) ….(1) 
 

 
Fig. 2 : A simple set up for biogas plant 
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About Biogas 

Utilizing biogas makes sense because it 
occurs as a result of number of existing 
natural processes and the gas would 
otherwise be emitted into atmosphere as a 
harmful greenhouse gas. Using biogas 
technology also means polluting potential of 
the organic material is reduced.  Biogas has a 
heat / calorific value of 19-26 megajoules 
/cubicmeter. The production of biogas is 
based on anaerobic digestion/ fermentation. 
Biogas production by anaerobic digestion is 
popular for treating biodegradable waste, 
because valuable fuel can be produced while 
destroying disease causing pathogens, and 
reducing the volume of disposed waste 
product. It combusts more cleanly than coal 
and produces less emissions of CO2 

3.  

Raw material for production of biogas 

The green leaves, stem, branches of 
forest trees, agricultural crops, horticultural 
waste from gardens, etc. can be used as a raw 
material. This green biomass is to be crushed 
and their extract called the green juice is 
used to produce biogas by fermentation using 
different methods. The biogas slurry remain-
ing after the biogas production would be 
used as manure. 

 Since only the green juice of the 
biomass has been extracted there is solid 
residual matter left behind. This matter 
contains the lignin and cellulose material 
which has many potentialities as it can be 
used for construction panels-fiber boards/ 
marine boards, horticultural landscaping 
(mulch, erosion control), as additive in brick 
and tile industries, bio-composites, pulp and 

paper making and packaging, feedstock for 
energy generation, etc. 

Lignocellulose 
 Plant cell wall is composed of three 
constituents, viz., cellulose, lignin and 
hemicellulose. 

Cellulose It is a long chain of glucose 
molecules linked to one another with 
glycosidic bonds. The simplicity of cellulosic 
structure lies in the fact that only a small 
number of enzymes are required to degrade 
this material. Humans do not produce this 
kind of enzymes to degrade it but animals 
like cows and other ruminants do produce 
these so that they can digest this cellulose 
and use it. 

Hemicellulose These are branched polymers 
which bind the bundles of cellulose fibrils to 
form microfibrils which enhance the stability 
of cell wall.  They are also cross-linked with 
lignin creating a complex polymer of phenyl 
propane units which are cross-linked with 
each other with a variety of chemical bonds. 
This complexity has thus proven as a 
resistant to biochemical degradation. 

1. Lignin  Lignin is the most abundant 
organic polymer on the earth after cellulose 
employing 30% of non-fossil organic carbon 
and constituting from a quarter to a third of 
dry mass of wood. Lignin fills the spaces in 
the cell wall between cellulose, hemicellu-
lose and pectin components, especially in 
tracheids, scleroids and xylem of plant 
tissues. Lignin is complex polymer of 
phenylpropane units which are cross-linked 
to each other with a variety of different 
chemical bonds. This complexity has thus far 
proven as resistant to detailed biochemical 
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characterization as it is to microbial 
degradation.  

2. Lignin is indigestible by animals. 
Nonetheless, there are some organisms like 
fungi which produce the enzymes to break 
lignin apart. But this is done with less than 
20% of the total lignin present. Lignin 
degradation is primarily an aerobic process 
and in an anaerobic environment, lignin can 
persist for very long period4,5. Highly 
lignified wood is durable and is therefore a 
good raw material for many applications. It 
is also an excellent fuel, since lignin yields 
more energy than cellulose. But for biogas 
production, it is a negative element since it 
cannot be decomposed easily to produce gas.  
Furthermore, these molecules present in the 
biomass which are used for production of 
biogas reduce the surface area available for 
enzymatic penetration and activity on the 
other biodegradable compounds. This may 
hamper the efficiency of biogas production. 

 In the method suggested since the juice 
of the green waste biomasses are used, lignin 
and cellulose fibrous material is already 
removed. Actually the residue so formed can 
also be used for making paper.  This can be 
done after removal of lignin. The lignin 
present in the pulp for making paper is 
responsible for yellowing with age. The 
strength bearing characteristic of lignin in 
combination with cellulose can be used for 
making tough fiber boards which have 
greatly replaced wood. The strength of this 
fiber board can be enhanced by adding 
adhesives like phenol resin. 

Fibre board 

 The particle board industry started in the 
1940’s out of a need to use large quantity of 

waste products such as sawdust, planer 
shavings, and other mill residues. Particles of 
various sizes are mechanically formed into 
mats and glued together to produce a 
randomly oriented flat panel. This forms the 
particle board. A more tougher and durable 
board  called fibre board can be fabricated by 
using smaller and smaller elements like 
fibers.  

 Wood can be broken into fiber bundles 
and single fibres by grinding or refining. If 
the refining is done at high temperatures, the 
fibres tend to slip apart due to the softening 
of the lignin matrix between the fibers, and 
thus the fibers have a lignin rich surface.  If 
the refining is done at lower temperature, the 
fibers tend to break apart and the surface is 
rich in carbohydrates polymers. In a wet 
forming process, water is used to distribute 
the fibers into a mat and then pressed into a 
board.    

 Low density fibre boards (LDF) have a 
specific gravity between 0.15 and 0.45, and 
are used for insulation and light weight cores 
for furniture. Medium density fibre board 
(MDF) has a specific gravity between 0.6 
and 0.8, and is mainly used as a core for 
furniture. High density fibre board (HDF), 
sometimes called hardboard, has a specific 
gravity between 0.85 and 1.2 and is used as 
an overlay on workbenches, floors and for 
siding. The wax or resin is added to make the 
board water resistant 6,7. 

Fiber board as a replacement for wood 

We have used wood, in its natural form, 
for many applications since the beginning of 
the human race. Wood is not renewable!  It 
comes from trees and trees are renewable.  
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Most of the wood used by us is derived from 
the forests.  But the forests have many other 
demands put on them including biodiversity, 
animal habitat, maintaining clean and 
unpolluted atmosphere, a buffer against 
storms, and also a source of products such as 
fuels, chemicals, paper including wood. 
Solid wood can be broken down into smaller 
and smaller elements i.e. chips, flakes, fibers 
etc.  As the element size becomes smaller, it 
is possible to either remove defects like 
cracks or knots etc. or redistribute them to 
reduce their effect on product properties like 
uniformity. Thus composites made from 
these smaller elements become more like a 
true material i.e. consistent, uniform, 
continuous and reproducible8,9. In these 
methods, since the residual matter obtained 
by crushing green leaves is used so that the 
boards made from this composite would 
certainly have the properties mentioned 
above. Hence, instead of cutting the forests 
for wood, waste forest biomass including 
other biomasses can be used to produce 
wood of equivalent or better quality.  

Masonite process: In other countries 
where abundant forest coverage is available 
for paper, timber and other industrial 
purposes. These countries are cultivating 
forests and cutting trees at regular intervals. 
Cut trees are dressed to remove leaves, bark, 
branches and knots at site.  Tree logs having 
uniform diameter are used for paper, timber 
etc. for quality production.  The cut branches 
and knots contain higher percentage of lignin 
and short fibres of cellulose. This material is 
collected at a central place in the forest. In 
the masonite process, the knots and branches 
are burst at a high temperature8.  At high 

temperature, cellulose and lignin are in 
soluble form. The slurry is condensed to 
form a board. For this capital investment is 
higher and also requires more precautions 
along with skilled persons.  Hence, marine 
board production based on the method 
described earlier is simple and cost effective 
to work with. The products have a local 
market at cheaper cost to rural population. 

         MATERIAL AND METHODS 
The residual matter formed after the 

extraction of juice of green leaves contains 
mainly lignin and cellulose. This residual 
matter is dissolved in caustic soda solution 
where lignin gets partially dissolved, and as a 
result the lignin bonds are partially broken. 
By beating or refining, first fibres are cut in 
5-10mm size. Then the short fibres are 
ponded or hammered in the beater to break 
the primary wall of cellulose fibre and open 
the internal fibrils with the help of water.  
Then these cellulose fibrils are again bonding 
with dissociated water molecules of hydro-
gen and hydroxyl groups of cellulose. This 
process is known as water of crystallization 
or hydration. The broken lignin molecules 
again attract the cellulose fibrils of one chain 
of cellulose with another chain of cell-
ulose10,11. Here the partially broken lignin 
bonds form the in-situ bonds with cellulose. 
Then phenol resin is added to this mixture.  
This mixture is simultaneously pressed in 
hydraulic press and heated to 150oC. Thus a 
fibre board with very high strength and water 
proofing lamination is fabricated.  This board 
is called marine board which is anti-fungal 
and also has a deterioration rate quite low.  
The board thus fabricated can be used for 
making doors, windows, furniture etc. 
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Experimental work 
1. The biomass was crushed in a sugarcane 

juice crusher and green juice was 
obtained. 

2. The juice was fermented in laboratory 
using biogas setup to produce biogas. 

3. The residue after extraction of juice was  
       used for manufacturing of marine board.  
4. Digestion: Simple Vomiting type diges-

ter without pressure was used to digest 
the crushed material with 5% caustic 
soda solution for two hours at 100oC. 

5. Beating or refining:  The beater machine 
consists of a set of blades and has a      
rotating speed of 250 r.p.m as shown in 
Fig. 3(a).  First the residue fibres from 
the crushed material were cut to length 
of about 5 to 10 mm using the blades of   
beater   as shown in Fig.  Then beater 
roll was used to pound or hammer the 
fibres  for hydration. Then phenol resin 

was added to the pulp. The pulp thus 
formed was ready for manufacturing of 
marine board. 

6. Board formation: The required quantity 
of pulp was poured on a wire mesh of 
sheet or board former called a vat 
machine as shown in Fig. 3(c). The 
excess quantity of water was drained and 
the wet board was formed on the wire 
mesh. This wet board  was transferred on 
jute felt.  

7. Board separation:  The wet board  with 
felt was further pressed in a  hydraulic  
press as shown in Fig. 3(d)   to remove 
the maximum quantity of  water. 

8.  Board heating:  The pressed wet board 
was again pressed in the hydraulic press 
with a temperature of 150oC to melt the 
resin and form thick film of resin on the 
surface of the board which gives 
laminating protection to the board.     

 

            
                   (a)  DIGESTER                                                   (b)   BEATER 
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Plants 

Marine board   

Fertilizer 

Residue 

Green Juice 

Effluent 

Sun 

Biogas Biomass 

           
(c)   VAT MACHINE                                 (d)   HYDRAULIC PRESS 

       
RESULTS AND DISCUSSION 
Thus using above method, the board with 

water resistant quality was fabricated using 
the raw material as the residue of crushed  

 
waste green matter. The green juice extracted 
from the green matter was used for biogas 
production. The whole system very well ma-
intains the Nature cycle as shown in Fig. 4  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Fig. 4 : Nature cycle
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CONCLUSION 
This technology can be incorporated in a 

concept of self-sustaining Bio-village  where 
in a group of few villages would contribute 
to the cause of producing biogas from the 
juice of green leaves and the other agr -
icultural waste.  The green leaves, stem from 
vegetable crops, agro crops etc. are not much 
utilized in rural areas. The forest trees, 
agricultural crops, horticultural waste from 
gardens are the huge quantity of biomass 
waste can be managed under resource 
management, and hence may be used to 
produce biogas and marine boards.  

 Some decades ago when the farming was 
done with the help of animals like oxen, horses, 
consumption or requirement of fodder used to be 
more, but with the introduction of mechanized 
farming requirement of fodder has decreased 
considerably.  Rather, there seems to be more 
demand of bio-fuels or biogas for running these         
mechanized aids. 

 In order to implement this technology 
smoothly and efficiently, there would be a 
need of manpower which in turn would 
provide the employment to villagers. An 
industrial cooperative society or a public 
trust setup by villagers or any individual can 
start a small scale industry for production of 
biogas and handmade paper/marine board 
industry. 

 Marine board manufacturing method is 
simple to operate for the villagers. The 
financial schemes for small scale industries 
can provide necessary funding to the villa-
gers. Thus, the villagers would become self-
sufficient in terms of energy, employment 
and infrastructural needs. This will further 
result into the overall development of 
village. As Gandhiji had rightly and 

foresightedly said that if villages prosper, the 
country will prosper and then the whole 
world. 
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