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DECENTRALIZRD ENERGY GENERTION VIA 

BIOMASS GASIFICATION

A.K. Jain  and  R. Soni

School of Energy Studies for Agriculture, 
Punjab Agricultural University, Ludhiana, India 

Any organic plant material produced through photosynthesis via 
atmospheric carbon dioxide fixation is biomass. This includes agricultural 
products and residues. Major agricultural products such as grains, fruits, 
vegetables, oil seeds etc. are used for human consumption where as crop 
residues, forestry residues and fuel woods having heating value ranging 
from 15 to 20 MJ/Kg are very important from energy point of view. The 
annual production of agricultural crop residues for the country is 
estimated to be around 500 Million tons. A part of this production is used 
as fodder, industrial raw material, packaging material, fuel in domestic 
sector and also in small and medium industries. A huge quantity of 
biomass is still available as surplus and can be used as a decentralized 
energy source.

All biomass materials are mixture of (Cellulose, Hemicellulose and Lignin) 
which are compounds of Carbon, Hydrogen and Oxygen. Typical 
stoichiometric formula of biomass is CH O .  These materials can be 1.4 0.6

converted to a gaseous fuel mixture through thermo-chemical conversion 
process called gasification. Gasification is a process in which biomass 
reacts with limited supply of air (about 40% of stoichiometric requirement 
for combustion). Product of this process is called producer gas which is a 
mixture of Carbon Monoxide, Hydrogen and Methane as combustible 

3gases. Its calorific value is about 5 MJ/Nm . Producer gas is a combustible 
gas and can be used in IC engines for power generation. It can also be used 
as fuel in small and medium industries for various thermal applications 
such as steam, hot water and hot air generation. Parameters for designing  
throatless gasifiers for gasification of Rice Husk and performance 
evaluation results of wood and rice husk gasifiers for thermal and 
mechanical/electric power generation are discussed in the paper.
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BAGASSE - A POTENTIAL SUBSTITUTE OF WOOD 

FOR PAPERMAKING

A.K. Dixit,  A. V. Janbade,  B.P. Thapliyal,  R.M. Mathur  and  T.K. Roy

Central Pulp & Paper Research Institute, Saharanpur, U.P., India 

The pulp and paper industry is the single largest wood consumer in the 
world. Almost half the trees logged are used by paper industry. Nearly 2.5 
Kgs of wood is used for making 1.0 Kg paper. Demand for wood by Indian 
paper industry has gone upto 9.0 million tonne and is expected to rise to 
over 13 million tones by 2020. Dwindling forest cover particularly in India 
has forced the Indian industry to look out for alternate fibrous resources 
for making paper. Out of 715 paper mills about 165 are based on agro 
residue as primary source of raw material mainly bagasse and straws. Till 
recently the bagasse generated in a sugar mill was mainly utilized as fuel 
for generation  of steam and power by sugar mill itself and only a small 
portion is available for other uses mainly papermaking. With the advent of  
new generation boiler and bagasse drying technologies, the requirement 
of bagasse is reduced in sugar mill and surplus is available for paper 
industry. 

One of the major impediment in utilization of bagasse as an alternative to 
wood in papermaking is the inherent carryover of pith to the tune of 35% 
along with fibre. Pith being non fibrous in nature and rich in juice, 
contributes to problems like requirement of high chemicals, increased 
foam, low quality pulp and poor black liquor properties. In order to make 
quality paper from bagasse efficient removal of pith in prerequisite. 
Traditional methods like dry depithing and wet depithing result in removal 
of only 50% of the pith associated with bagasse. Around 16-18% w/w pith 
is still associated with bagasse after depthing. This partially depithed 
bagasse can  not be used for making high quality pulp suitable for 
specially grade paper and dissolving grade pulp, normally produced from 
wood.

Central Pulp & Paper Research Institute (CPPRI)  has carried out extensive 
research work on depithing of bagasse to produce high quality pulp 
comparable with wood pulp. More than 75% pith associated with 
bagasse can be removed with a residual pith content to the tune of 6-7%. 
Pulping of this bagasse with only 7% pith content was carrired out. Highly 
encouraging results were obtained. A pulp with excellent strength and 
optical properties comparable with wood pulp was obtained.
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The present paper highlights the results of the studies carried out at CPPRI 
on depithing of bagasse and subsequent high quality pulp suitable for 
manufacturing specialty grade paper, rayon grade pulp and 
biodegradable plastic. The studies have shown that bagasse can 
effectively be used as an alternate to wood by paper industry which will 
check deforestation and will help in saving the  earth.
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Paddy straw is abundantly available in rice growing areas. A major part of 
this straw is burnt loose in the fields by the farmers which results in 
wastage of a very useful energy and it also causes a very serious 
environmental pollution. Paddy straw has calorific value (15 MJ/kg) good 
enough to support its application as a renewable energy source (Jain, 
1997). But it has high ash content (20 %), which put this material under 
the category of inferior fuel.

Fuel related characteristics such as calorific value, ash content and ash 
slagging temperature of paddy straw alone and its mixture with nine 
other biomass materials in different proportions were determined. Paddy 
straw alone had ash slagging temperature of about 850°C which is the 
temperature usually attained in any furnace. It was found that the mixture 
having 33% rice straw plus 67% paddy husk, 33% rice straw plus 67% coal 
and 50% rice straw plus 50% coal had ash slagging temperature above 
1200°C and could be used as fuel in the combustion furnaces.

Rice straw alone in the form of loose, bundle and in chopped form were 
tested in an inclined grate furnace. There was formation of cluster of ash 
of the burnt straw which did not fall down in the ash pit but formed a pile 
on the grate. At higher temperatures formation of clinkers were also 
observed. 

APPLICATION OF PADDY STRAW AS FUEL

S.K. Singh and A.K. Jain

School of Energy Studies for Agriculture, PAU, Ludhiana, India
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EFFECT OF OPTIMALLY INCLINED REFLECTIVE 

NORTH WALL ON THE GREENHOUSE CROP DRYING 

V.P. Sethi and  Sadhna Arora*

Department of Mechanical Engineering and 
*Department of Processing and Food Engineering, 

Punjab Agricultural University, Ludhiana ,India

2 A conventional greenhouse solar dryer of 6 × 4 m floor area (east-west 
orientation) is improved for faster drying using optimally inclined north 
wall reflection (INWR) under natural as well as forced convection mode. To 
increase the solar radiation concentration onto the product (to be dried) 
during extreme summer months, a temporary inclined wall covered with 
aluminized reflector sheet (50 microns thickness and reflectivity 0.93) is 
raised inside the greenhouse just in front of the vertical transparent north 
wall. By doing so, product fully receives the reflected beam radiation 
(which otherwise leaves through the north wall) in addition to the direct 
total solar radiation available on the horizontal surface during different 
hours of drying, which helps to enhance the drying rate by increasing the 
inside air and crop temperature. Inclination angle of the reflective  wall 
with vertical (â) is optimized for various selective widths of the tray W (1.5 
m, 2 m, 2.5 m, and 3 m) and for different realistic heights of existing 
vertical north wall (h) at 25 °N, 30 °N and 35 °N latitudes (hot climatic 
zones). Experimental performance of the improved dryer is tested in May 
2008 at Ludhiana (30.56°N), India conditions by drying bitter gourd 
(Momordica charantia Linn) slices. Results show that by using INWR in 
natural convection mode, 1 to 5.4 °C higher inside air temperature and 1 
to 3.6 °C higher inside crop temperature can be achieved during different 
hours of drying as compared to when INWR is not used and results in 16.7 
% reduction in the total drying time without affecting the quality of the 
dried product. Similarly, by using INWR in forced convection mode, 1 to 
3.2 °C higher inside air temperature and 1 to 2.2 °C higher inside crop 
temperature can be achieved during different hours of drying as 
compared to when INWR is not used and results in 13.3 % reduction in the 
total drying time of the crop without affecting the quality of the dried 
product. 
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REVIVAL OF KVIC TYPE BIOGAS PLANTS :

A CASE STUDY
 Sarbjit Singh Sooch, Ritesh Jainand Urmila Gupta*

Department of Civil Engineering and 
*School of Energy Studies for Agriculture, Punjab Agricultural University, 

Ludhiana, India

Biogas from cattle dung is one of the most easily available and economical 
biofuel at users site. When handled properly, biogas is an excellent fuel for 
cooking, lighting, and heating. Many different shapes and types of biogas 
plants have been experimented with: horizontal, vertical, cylindrical, 
cubic, and dome shaped. A number of plants have been constructed in the 
past in Punjab. But most popular of them were KVIC type, Janta type and 
Deenbandhu type of biogas plants. Out of these, KVIC type was erected 
with involvement of steel drum as gasholder, which got rusted with the 
passage of time and was difficult to change or replace. In order to combat 
with this problem and to make the plant functional, steel drum was 
replaced with RCC construction, making it more of fixed dome type and 
cost effective. In this paper, steps and problems faced during construction 
will be discussed at length.
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Conventional cattle dung based biogas plants require mixing of 100% 
water in feed for proper functioning of the plants and optimum biogas 
production. To solve disposal problem of digested cattle dung slurry, solid-
state fixed dome Janta plants were installed and evaluated at a number of 
users site. The average gas yield was found to increase by 10-15% for the 
solid-state plant as compared to common biogas plants. However, the 
problem of choking was faced by many users. So, different quantities of 

3 water were added in 1m plant to standardize the optimum water 
requirement. Addition of 20-24% water in the plant produced an average 

3 of 0.91m biogas/day. No problem of choking was observed for the last 
three years. The digested slurry discharged from the plant has a solid 
content of 9.6 – 10.9% and can be easily transported for use as manure 
after 2-5 days of drying.   

OPTIMIZATION OF WATER REQUIREMENT 

IN SOLID STATE JANTA BIOGAS PLANT
*Urmila Gupta , N.K. Khullar and Ritesh Jain

*School of Energy Studies for Agriculture and 
Department of Civil Engineering, Punjab Agricultural University, 

Ludhiana, Punjab, India
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