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The good news is that this “burning problem” which is an unhealthy
cocktail of serious air pollution leading to respiratory illness, large
emissions of climate — destructive gases, and a huge waste of energy
which now can be turned into a bright green future simply by using the
resource as a feedstock for a Modern Bioenergy in an Aerobic Digestion
process (AD) using a proven German Technology. Using different types of
satellite images scientists from India have produced an interesting case
study showing a very large potential for the use of rice straw as a
Bioenergy feedstock. It's amazing that 2.6 million hectares of paddy straw
in the Punjab alone can yield approximately 100 million tonnes of rice
straw per year of which three quarters is burned. Some 70 to 80 million
tonnes of residues are therefore available as fuel to be used in an
anaerobic digestion process mixed with other feedstock such as cow dung
and deoil waste from Fruit/Vegetables/Grain markets to produce methane
gas in a concrete digester with the gas transmitted through a pipe to the
biogas engine which in turn drives a generator to produce electrical
power.

The collection of the paddy straw will be down with a specially made
reaping machine to collect the paddy straw during the harvesting process
is ongoing. The paddy straw shall be shredded to the appropriate size in
the reaper at the time of collection from the field. The shredded material
shall be stored in either silage plies or silo bags free of air prior to feeding
as biomass.

Anaerobic process plants produce conditions that encourage the natural
breakdown of organic matter by bacteria in the absence of air. The process
generates three main products:

* Biogas - a mixture of methane (CH,) 70% and carbon dioxide
(CO,) 30% which can be used to generate heat and/or electricity

¢ Fibre-can beused as a nutrient-rich soil conditioner, and
* Liquor-can be used as liquid fertiliser.

The process takes place in a digester; a warmed, sealed airless container.
Temperature with in tank is maintained at 36°C to 40°C Digestion tank is
warmed and mixed thoroughly to create the ideal conditions for biogas
conversion. During the digestion process organic material is converted
into biogas being a mixed feedstock of cow dung, paddy straw and de-
oiled cake. It can then be burned in a conventional gas boiler for heat or it
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can be burned in a more efficient combined heat and power (CHP) system,
where heat and electricity are generated.

The digestate is stored and can be applied straight to land or it can be
separated to produce fibre and liquor. With the paddy straw being a main
feedstock ingredient the digestrate from anaerobic digestion contains
useful nutrients and can be used as a fertiliser and soil conditioner. It has
the potential advantage over undigested manures and slurries that is
consistent in nutrient content and availability. This makes it easier for the
farmers to calculate the correct fertiliser applications to crop
requirements compared with using manures and slurries. This reduces the
risk of leaching and run off and so can prevent diffuse water pollution. It
can replace mineral fertiliser, the production of which requires significant
energy input. In this way it can provide additional benefits with paddy
straw being the main feedstock in terms of reducing the greenhouse gas
emissions and climate change.
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CO, MITIGATION IN INDIAN PAPER INDUSTRY :

A STEP TOWARDS REDUCTION OF
GLOBAL WARMING

Alok Kumar Goel, B.P. Thapliyal, R.M. Mathur and T.K. Roy

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

Indian paper industry is highly energy-intensive. Paper industry is ranked
as the sixth largest energy consumer in the country and accounts for 7% of
the country's coal and about 3% of the electrical energy requirements. The
share of energy costs in the total manufacturing cost is close to 25%. Coal
and electricity are the two major energy sources used in the paper
production. Other fuels such as low sulphur heavy stock (LSHS), furnace
oil, etc. are also used to fire boilers. Light diesel oil (LDO) and high-speed
diesel (HSD) are also used for captive power generation in diesel generator
sets in plants. The steam and electricity generated by energy facilities are
used by various production facilities. Steam and electricity consumption
per tonne of paper is 11-15 tonnes and 1300-1700 KWH respectively in
Indian mills depending upon the grade of paper and technology
employed. The total specific energy consumption of Indian pulp and
paper industry ranges from 30 to 51 GJ (Giga Joules) per tonne of product,
which is roughly double the norms compared to North American and
Scandinavian units. The overall energy conservation and utilization
efficiency in Indian pulp & paper mills is very low compared to mills in
developed countries. It shows that there is immense potential of energy
savings in this sector. The energy consumption pattern varies according to
type of raw material and the technology used by a particular mill. In terms
of carbon dioxide emission, industry generates 1.42 to 2.13 Ton CO, per
tonne of paper, which account towards 9.66 to 14.48 million tonnes CO,
emission by entire paper sector. Studies have shown that there is scope of
15 — 20% energy saving which could result in mitigation of 2.41 million
tonnes CO, per annum. Present article discusses the contribution of Indian
paper industry towards reducing global warming by way of CO,
mitigation.
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CLIMATE CHANGE AND BIOMASS BASED ENERGY
PRODUCTION IN PUNJAB : HIGH RATE
BIOMETHANANTION POWER PROJECT FOR
RECOVERY OF ENERGY FROM THE DAIRY WASTE
AT HAIBOWAL, LUDHIANA

M.P. Singh
Punjab Energy Development Agency, Chandigarh, India

This project has been set up as the first of its kind demonstration project
under the UNDP / Global Environment Facility (GEF) programme of
Ministry of New & Renewable Energy (MNRE), Government of India, for
development of high rate biomethanation process. This project is a Sub-
project among 16 such projects being set up in the country on different
waste streams. The major objective of this projectis to:

. Establish a waste to energy plant for the treatment of cattle
manure to generate about TMW power and organic
fertiliser.

. On successful implementation of the demonstration
project, to install similar projects (at this and other dairy
complexes).

. Assimilate the technology for possible replication.
. Reduce Green House Gas emissions (CH4)

The project has been setup in the vicinity of Haibowal Dairy Complex,
Ludhiana, which is having more than 1.20 lacs cattle heads. This project
has been designed to utilise 235 tons of cattle dung daily for recovering
about 18,000 KWhs of electrical energy. The surplus energy after meeting
the in-house power requirement is being fed into the State Grid. Besides
the electrical energy, this project is also producing almost 47 tons of
valuable nutrient rich bio-manure per day. Animal droppings are a source
of methane gas emission, a green house gas contributing to global
warming. A promising option towards reducing these emissions, is to
recover valuable heat or electrical energy from this waste. This project is a
step towards improving environment around the Haibowal Dairy
Complex, through scientific disposal of raw cattle dung as the disposal of
cattle dung has been a major source of pollution and choking of the
sewerage systems in the city.
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This project has lead to major reduction in Green House Gas emissions i.e.
Methane (CH4) and also helped in scientific disposal and recovery of
energy from the animal dung in the dairy complex. Land measuring 2.42
acres has been provided to PEDA by Municipal Corporation, Ludhiana, on
lease basis @ Rs. 1/- sqm for a period of 25 years for which lease
agreement has already been signed.

The project was commissioned in Nov., 2004 and synchronized with the
PSEB grid. The project has been operating at a PLF of 70-75%. The power
so generated from the project is exported to PSEB grid. The project is
based on Biogas Induced Mixing Arrangement (BIMA) digester
technology (patented) which has been provided by M/s Entec Austria,
selected on the basis of international bidding done by MNRE, Government
of India. This project has been awarded the “Best Green Power Plant in
Asia"” award by Asian Power to PEDA in September' 2005 in Bangkok.
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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.

2

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,,0,,. These materials can be
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
gases. 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 resultin 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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APPLICATION OF PADDY STRAW AS FUEL

S.K. Singh and A.K. Jain

School of Energy Studies for Agriculture, PAU, Ludhiana, India

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°Cand 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.
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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

A conventional greenhouse solar dryer of 6 X 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 (B) 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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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

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