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An integrated approach to Rural 

electrification 

Fossil Fuels,  Coal, Crude, are limited resources 
and will exhaust any time.  To Save the Earthand  
reduce Global Warming it is necessary that we look 
towards Renewable energy solutions,  that are 
naturally regenerative or are practically 
inexhaustible, such as biomass.   Biomass as a 
resources can used again and again and will 
never run out and the best source to be 
considered a source of renewable energy for 
thermal and power applications.     Biomass 
Gasification is the process of conversion of  solid  
biomass to gaseous form by partial pyrolysis, 
oxidation and reduction under sub-stoichiometric 
conditions.  

 

Producer gas can be used for :  

   Thermal Applications 

   Power Generation and/or 

   Combination of Heat and Power  

 

Producer gas can replace Diesel/FO/HFO/LPG in: 

 Kilns 

 Dryers  

 Furnaces 

 Boilers & Thermal Heaters  
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Producer gas can be typically used in  

 melting  Iron, Steel and Lead, Heat treatment furnace, Crumb rubber 
preparation, Biscuit Furnace, Tea drying and fluidized bed driers. 
 

 Drying and heating aggregates in Asphalt production, ore, mineral, 
sludge, biomass and foodstuff. 
 

 Hot water and process steam generation in Chemical, Pharmaceutical, 
Paper, Sugar , rice industry 
 

 used in 100% Gas Engines  and/or modified Diesel Engines in dual 
fuel mode (80% Producer Gas : 20% Diesel)  

Flue gas  available from the engine and engine jacket water  can be recovered to a 
direct fired VAM for application in Chilling plant or Airconditioning 

Depending on the Biomass availability Biomass Gasifier of small capacity upto 
3_MW can be installed for Local power generation, Rural electrification, industrial 
estates, residential complex and the best form of renewable energy considering the 
zero T&D loss, dependable clean and green power that provides vocation for local 
farmers in wastelands, better remuneration from energy plantations and realization 
from otherwise wasted agro residues (rice and coffee husk, fronts, sugarcane trash, 
saw dust). 

The sustainability of the Biomass plants depends on the biomass availability for 
which an integrated approach is required.    Energy plants offer a viable solution as it 
address the concern of the society in toto: 

a) the farmer – waste land cultivation  
b) better value for otherwise wasted agro-produce 
c) employment opportunity in wood collection, biomass preparation, 

briquetting,  
d) prevent soil erosion and improve carbon sequestration 
e) Reliable clean, green power locally – reaching the last mile without T&D 

Loss 
f) Waste heat recovery for vegetable, fruits and other produce storage  
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Energy Plantations for Biomass 

Energy Plantations are acreages brought 
under cultivation for the purpose of 
growing select species of  trees  and  
shrubs.  These plants are  harvestable in a 
comparably  shorter time and specifically 
meant for fuel.  The wood/shrub can be 
used either  directly in wood burning   
stoves  and  boilers  or processed into 
methanol, ethanol and producer  gas.  Thus 
Energy plantations help provide wood 
either for cooking  in  homes  or for  
industrial  use.  Energy plantations  provide  
almost  inexhaustible renewable sources 

which  essentially  satisfy local  energy  needs  in  a  decentralized manner 
independent of unreliable  and  finite  sources  of  fuel.   

 

The attractive features of energy plantations are:   

 

 Heat content of wood that is similar to coal, 
 

 Wood is low in sulphur and  hence do not pollute the atmosphere,  
 

 Ash from burnt wood is a  valuable  fertiliser -Biochar,  
 

 Utilisation of  erosion prone land for raising these plantations helps to reduce wind 
and water  erosion, thereby  minimising  hazards  from floods, siltation, and loss of 
nitrogen and minerals from soil 

 
 Help in rural employment generation - it is estimated that an hectare  of  energy  

plantation  can   provide employment for at least seven persons regularly.  
 

 Trees aid the planet by preventing temperature rise and checking gas emission into 
the atmosphere as the trees are naturally endowed to absorb maximum CO2 
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Biomass trees characteristics 

 Grows in both tropical and 
subtropical zones 
 

 Drought tolerant 
 

 Suitable for even marginal lands 
 

 Fast growing 
 

 High headed tree, hence allows 
intercropping 
 

 Amenable for high density 
planting 
 

 Easy to propagate both 
vegetatively as well as through 
seed 
 

 Protocol for tissue culture already 
developed 
 

 Responsive to bio fertilizers  
 

 Technology available for 
boosting growth and increasing 
yield 
 

 Can be harvested after two years 
 

 Amenable for coppicing 
 

 Free from serious pests and 
diseases 
 

 Thin bark 
 

 High calorific value of timber 

 

Selection of multipurpose species provides a number of by-products like oils, 

organic compounds, fruits, edible  leaves, forage  for livestock ,  etc .  
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Recommended Energy Plants and their yields from detailed below: 

 

 

Agro waste from food and commercial crops can 

also be converted into energy.   In any of these crops 

only 20 to 25% of the crop is gainfully used, 

whereas the balance is either mulched in soil 

(generating Methane) or burnt (generating Carbon 

Dioxide).    This otherwise wasted material can be 

profitably converted into energy either directly or 

after briquetting by using a suitable Gasifier.    
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Some of the crops and the available energy is tabulated below: 
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Bamboo 

Bamboo is a group of perennial evergreens in the true 
grass family Poaceae, subfamily Bambusoideae, 
tribe Bambuseae 

Bamboo, which is traditionally considered the `poor 
man's wood', and labelled as `green gold'. There are 
a largest stock and diversity of bamboos. The yield 
per acre is estimated at around 40 ton/year from the 
third year.  India, Japan, China and Malaysia are the 
major growers of Bamboo and together they 
account for about 80 per cent of the world's 
bamboo.  Bamboo as a means of reclaiming 
degraded land, conserving soil and improving the 
environment makes it an excellent Energy plant.   
Bamboo can play an important role in raising forest cover.  Bamboo can also 
support artisans for their livelihood, as mats, panels, floors, decorative items can be 
made from parts of the bamboo.  Bamboo cultivation can also play a major role in 
stabilization of the environmental problems.  Deforestation, followed by increased 
carbon dioxide emission, is one of the major concerns of environmentalists. Bamboo 
helps reduce carbon dioxide gases blamed for global warming. Some bamboo 
species absorb up to 12 tonnes of carbon dioxide per hectare, which makes it an 
efficient replenisher of fresh air. The cultivation of bamboo as a wood substitute 
helps to offset depletion of the rain forest.  Its rapid growth ensures an effective 
reconstruction of damaged eco systems as bamboo generates 30 per cent more 
oxygen than other trees.  Under the bamboo plantation, surface soil (0 - 20 cm) 
electrical conductivity and soil pH improves and the soil is enriched with organic 
matter.  

Based on the research conducted, bamboo replaces 30 per cent of its biomass in one 
year, while a tree forest can only replace 3 to 5 per cent. It is also one of the hardiest 
plants and can yield 20 times more timber than other trees in the same area.  

"Unlike most tropical hardwood species, which take at least 30 years to mature, 
bamboo shoots and culms (stems) can be harvested at about three to four years after 
planting," says Dr N. Barathi, Director, Growmore Biotech Ltd, Tamil Nadu.  

http://en.wikipedia.org/wiki/Perennial_plant
http://en.wikipedia.org/wiki/Evergreen
http://en.wikipedia.org/wiki/True_grass
http://en.wikipedia.org/wiki/True_grass
http://en.wikipedia.org/wiki/Poaceae
http://en.wikipedia.org/wiki/Bambusoideae
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The production can continue for about 20 years or more if properly maintained. 
While a 60-foot tree cut for market takes about 30-60 years to replace, a 60-foot 
bamboo takes 50-60 days to replace.   

It is a natural water control barrier.  The wide spread root system and large canopy 
of the bamboo greatly reduces rain run-off, prevents massive soil erosion and retains 
twice the amount of water required for other crops in the water table.  

Bamboo helps mitigate water pollution due to its high nitrogen consumption, 
making it a solution for excess nutrient uptake of wastewater from manufacturing, 
livestock farming and sewage treatment. 

Economically, Bamboo is remunerative compared to other trees. The returns are 
recurrent on annual basis after three to four years for up to 30 years or more, without 
recurring investment on plantation.  

The most recent advancement in bamboo is the utilisation of bamboo fibre for 
making bamboo yarn into fabrics. There are several spinning mills using 100 per 
cent bamboo yarn, and international brands of shirting and suitings have already 
launched fabrics made out of bamboo.  Bamboo fabrics are naturally anti-microbial 
and due to the presence of micro pores the fabric absorb three times more moisture 
than cotton, making it superior to others. 

As a woody grass, bamboo is perfectly suited to agro-forestry. It fits well in agro-
forestry situations such as inter-cropping, soil conservation, and yields value-added 
products such as timber, livestock forage, shoots, fibre and craft wood. 
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Melia dubia  

(Tamil: Malai Vembu ) Melia composita 
willd.  Family: Miliaceae.  

Melia Dubia is the fastest growing tree 
and the wood from this tree is used in 
Plywood Industry.   Melia Dubia is a 
large tree with a spreading crown and a 
cylindrical straight bole of 9 m. length X 
1.2-1.5 m. girth and ideally suited for 
planting at altitudes of  600 – 1800 m.  It 
grows rapidly and is used for 
reforestation purposes and yields a useful timber.  Melia Dubia can be planted upto 
1,200  trees/ acre and grows utp 10” dia and attaining a height of 20 m in 24 months, 
yielding 80 Kg/tree of dried wood from the third year of planting. Even if planted as 
a single row along the field bunds, about 60 trees can be planted per acre.  About 
100 metric tonnes per hectare of biomass could be harvested in one year drip 
irrigated melia dubia plantations. That again is a comparable world record for tree 
species.  This woody biomass releases energy of over 4000 Kcal / Kg. 

In its natural habitat the absolute maximum shade temperature varies from 37.5–
47.5 C and the absolute minimum from 0–15 C. It does well in moist regions, with a 
mean annual rainfall exceeding 1,000 mm.   

The rooted saplings are planted at the onset of the monsoon or during the monsoon 
with suggested pit size is 2’ x 2’- 0.60m Cube and espacement of 3.5 m x 3.5 m is 
recommended. This will give better girth in shorter duration and the growth is rapid.  

The wood is used for packing cases, cigar boxes, ceiling planks, building purposes, 
agricultural implements, pencils, math boxes, splints and kattamarans.   It is suitable 
for musical  instruments, tea boxes and the most importantly in making plywood, as 
the wood is anti-termite by itself.  

One of the main problems that farmers face today is decreasing income from an acre 
per year against sudden increase in the value of agricultural lands due to expansion 
of cities, urbanization of villages, newly formed rural roads, mushrooming of 
industries, and concrete dwellings.  This forces several small farmers to sell their 
lands and settle in urban concrete jungles. 
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Diminishing income from an acre against increasing land value, forces many 
farmers to sell their lands.   The best way to increase income from an acre is by 
planting Melia dubia which fetch a handsome price in the market, assured buyback, 
and require low maintenance expenditure. 

There is a total mismatch between demand and supply for wood and veneer and 
planting Melia Dubia in vacant stretches of land makes business sense.  Inter crop 
cultivation can be done with annual crops in the first three years and then spices 
such as pepper can be grown. 

Under high density planting with 1,000 to 1,500 trees in an acre, a yield of 40 to 50 
tonnes is possible from the second and third year of planting. 

Melia Dubia is susceptible to root rot and hence only optimum irrigation is 
recommended.   While planting the seedlings application of 2-3 kgs of vermin 
compost, 40 gms of Phospho bacteria, Azospirillum and Trichoderma Viride each in 
addition to 10-20 gms of Pseudomonas and 100 grams of VAM (vesicular 
arbuscular mycoriza) helps in promoting good growth.  

Melia dubia will be planted as a shade crop for the grass plantations. 

 

The details of quality & technical specifications are as follows: 

o The logs had very high moisture contents 
 

o All logs were round and good for peeling.  
 

o Logs peel easily.  
o Outturn (Quantity produced) is excellent – 70% & better in fresh cut logs.  

 
o Veneer strong and firm.  

 
o Plywood pressed with these veneers and in combination with other veneers 

gave excellent results. 
 

o Melia dubia tree holds promise of good returns for ryots. 
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Paulownia Tree  

 

The Paulownia tree characteristics, include 
rapid growth, a very deep tap root system 
with numerous lateral roots, a long, branch-
free tree trunk, moisture content of 10-12%, 
and a water-based sap with a higher sugar 
content.  The tree will re-grow from its stump after harvest. 

The Paulownia tree can grow on marginal soil, and can also remediate contaminated 
soil to allow it to be used for food crop production at a later time. The  Paulownia 
has grown in locations where nothing else can grow.  It has survived and thrived in 
extreme snows and semi-desert conditions and has the potential of reducing our 
dependence on foreign oil by increase in production of bio fuel and provide massive 
CO2 sequestration and reversal of desertification.  

The trunk portion of the tree has the unique high-density feature of a North 
American hardwood tree, which equates to a much greater amount of cellulose and 
sequestered carbon. Each tree requires just 300 gallons of water per year from all 
sources (rainfall, irrigation, and/or subsurface water access).  By the end of the 

second year the taproot 
could reach down to 50 feet 
below the surface to find its 
own source of water, 
minimizing or eliminating 
the need for surface 
irrigation. 

the Paulownia makes a 
highly economical feedstock 
for cellulosic biofuel and 
bioenergy production.  It 
grows to its mature height of 
55 to 65 feet in only six to 
seven years, with the first 
limbs beginning at 35 feet, 
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thus producing excellent knot free lumber. 

Benefits:

 Grows in even the most 
inhospitable environment  
 

 Re grows from Stump of 
Harvested Tree (Reforestation 
without replanting)   
 

 Excellent Phytoremediation 
Characteristics (including 
Chemicals, Metals and Radiation) 
 

 Fast Growth means More Profits 
and Jobs 

 Non-Invasive (bonded)  
 

 Grows in a wide range of climates 
 

 Ideal for intercropping  
 

 Soil stabilization  
 

 Riparian Buffers  
 

 Reduces Global Warming 
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Napier (CO-4) Grass 

Severe power crisis and the existing demand-
supply gap of power in many agrarian countries 
can be addressed through alternate right renewable 
green resource like the humble Napier Bajra grass 
also called as CO-4. 

Released by Tamil Nadu Agriculture University (TNAU) during 2008, CO4 exhibits 
phenomenal biomass yield.   This grass can be grown in most soil types, except in 
heavy clay, highly alkaline and water logged areas.  

5 to 6 months old, mature grass crop have yellow mature stem, with more fibre and 
lignin content yielding around 200 dry metric tonnes per hectare in a year.  
Appropriate practice package including proper use of biofertilizers, nutrients, 
biochar and chemical fertilizers with drip irrigation ensures sustained high yield.  

Apart from electricity production from stem, the leaf is an excellent fodder for cows. 
This grass is nutritious and relished by cattle and has enhanced milk yield from 1 to 
2 litres per day.  The cow dung and urine can be recycled to the plantation.    The 
waste biomass and leaves can be used to generate methane gas, similar to gobar gas. 
The high sugar content of this grass makes it an excellent raw material for the 
production of 2nd Generation cellulosic biofuels like 
Ethanol and Butanol. 

Electricity produced from burning Giant King Grass is 
one-fourth the cost of electricity from solar energy and 
half the cost of wind energy.  Giant Grass pellets was 
found to be 18.6 MJ/kg on a dry basis. This is 
equivalent to 8,000 BTU per pound or 4,450 kcal/kg  

Salient Features: 

• This grass has a rapid growth of up to 4 m 
height 

• Very high productivity - up to 350 
tonnes/hectare (wet) 

• Perennial grass with 7 year life 

• Best in tropical and subtropical areas. 4 or 
more harvests per year     possible. Little 
growth below 10 C, frost will kill tops, roots 
can survive. 
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Prosopis Juliflora   

  

Prosopis juliflora (Spanish: bayahonda blanca) is 
a shrub native to Mexico, South America and 
the Caribbean. It has become established as a 
weed in Asia, Australia and elsewhere. Its uses 
include forage, wood and environmental management. The tree grows to a height of 
up to 12 metres (39 ft) and has a trunk with a diameter of up to 1.2 metres 
(3.9 ft). Its roots are able to grow to a great depth in search of water upto 175 feet at 
an open-pit mine near Tucson, Arizona, putting them among the deepest known 
roots. 

Prosopis Juliflora  wood has a high calorific value, (>4216 kcal/kg), and burns well 
and evenly and hot due to its high carbon content and high levels of lignin even 
when green; hence, does not require storage and drying, thereby avoiding losses 
from theft and decay,  

Prosopis Juliflora improves soils via biological nitrogen fixation, soil fauna and 
microbial populations.  

  

  

http://en.wikipedia.org/wiki/Spanish_language
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/Caribbean
http://en.wikipedia.org/wiki/Asia
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/Fodder
http://en.wikipedia.org/wiki/Wood
http://en.wikipedia.org/wiki/Diameter
http://en.wikipedia.org/wiki/Tucson
http://en.wikipedia.org/wiki/Arizona
http://en.wikipedia.org/wiki/Root#Rooting_depth_records
http://en.wikipedia.org/wiki/Root#Rooting_depth_records
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Eucalyptus 

Eucalyptus  is a diverse genus of flowering trees in 
the myrtle family, Myrtaceae and dominate the flora 
of Australia. There are more than 700 species 
of Eucalyptus, mostly native to Australia.  Species 
of Eucalyptus are cultivated throughout the tropics 
and subtropics including the Americas, Europe, Africa, 
the Mediterranean Basin, the Middle East, China and 
the Indian Subcontinent. 

Eucalyptus species have attracted attention from global 
development researchers and environmentalists as they have desirable traits such as 
being fast-growing sources of wood, producing oil that can be used for cleaning and 
functions as a natural insecticide, or an ability to be used to drain swamps and 
thereby reduce the risk of malaria. Outside their natural ranges, eucalypts are both 
lauded for their beneficial economic impact on poor populations and criticised for 
being "invasive water-suckers",leading to controversy over their total impact.  

Eucalypts are among the tallest trees in the world growing in excess of 80 metres in 
height.  Eucalyptus are the basis for several industries, such as sawmilling, pulp, 
charcoal and others. Eucalypts have many uses which have made 
them economically important trees, and have become a cash crop in poor areas.   
Due to their fast growth, the foremost benefit of these trees is their wood. They can 
be chopped off at the root and grow back again. They provide many desirable 
characteristics for use as ornament, timber, firewood and pulpwood. It is also used 
in a number of industries, from fence posts and charcoal to cellulose extraction 
for biofuels. Fast growth also makes eucalypts suitable as windbreaks and to 
reduce erosion. 

Eucalypts draw a tremendous amount of water from the soil through the process 
of transpiration. They have been planted (or re-planted) in some places to lower 
the water table and reduce soil salination. Eucalypts have also been used as a way of 
reducing malaria by draining the soil.  Drainage removes swamps which provide a 
habitat for mosquito larvae. 

http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Tree
http://en.wikipedia.org/wiki/Myrtus
http://en.wikipedia.org/wiki/Myrtaceae
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/Tropics
http://en.wikipedia.org/wiki/Subtropics
http://en.wikipedia.org/wiki/Americas
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Mediterranean_Basin
http://en.wikipedia.org/wiki/Middle_East
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Indian_Subcontinent
http://en.wikipedia.org/wiki/Development_economics
http://en.wikipedia.org/wiki/Development_economics
http://en.wikipedia.org/wiki/Eucalyptus_oil
http://en.wikipedia.org/wiki/Insecticide
http://en.wikipedia.org/wiki/Swamp#Draining
http://en.wikipedia.org/wiki/Swamp
http://en.wikipedia.org/wiki/Malaria
http://en.wikipedia.org/wiki/Invasive_species
http://en.wikipedia.org/wiki/Economics
http://en.wikipedia.org/wiki/Cash_crop
http://en.wikipedia.org/wiki/Ornamental_plant
http://en.wikipedia.org/wiki/Pulpwood
http://en.wikipedia.org/wiki/Cellulose
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Windbreak
http://en.wikipedia.org/wiki/Erosion
http://en.wikipedia.org/wiki/Transpiration
http://en.wikipedia.org/wiki/Water_table
http://en.wikipedia.org/wiki/Soil_salination
http://en.wikipedia.org/wiki/Malaria
http://en.wikipedia.org/wiki/Swamp
http://en.wikipedia.org/wiki/Mosquito
http://en.wikipedia.org/wiki/Larva
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Eucalyptus is the most common short fibre source for pulpwood to make pulp and is 
the most used varieties in papermaking.  The fibre length of Eucalyptus is relatively 
short and uniform with low coarseness compared with other hardwoods commonly 
used as pulpwood. The fibres are slender, yet relatively thick walled. This gives 
uniform paper formation and high opacity that are important for all types of fine 
papers. The low coarseness is important for high quality coated papers. Eucalyptus 
is suitable for many tissue papers as the short and slender fibres gives a high number 
of fibres per gram and low coarseness contributes to softness.  

Eucalyptus oil is readily steam distilled from the leaves and can be used for cleaning 
and as an industrial solvent, as an antiseptic, for deodorising, and in very small 
quantities in food supplements, especially sweets, cough drops, toothpaste and 
decongestants. It has insect repellent and is an active ingredient in some commercial 
mosquito repellents and the principal source of Eucalyptus oil worldwide. 

Eucalyptus is an ideal tree for biomass and also its branches can be pulverized and 
used directly and/or briquetted and used in power generation. 

 

  

http://en.wikipedia.org/wiki/Pulpwood
http://en.wikipedia.org/wiki/Pulp_(paper)
http://en.wikipedia.org/wiki/Papermaking
http://en.wikipedia.org/wiki/Opacity_(optics)
http://en.wikipedia.org/wiki/Fine_paper
http://en.wikipedia.org/wiki/Fine_paper
http://en.wikipedia.org/wiki/Coated_paper
http://en.wikipedia.org/wiki/Tissue_paper
http://en.wikipedia.org/wiki/Eucalyptus_oil
http://en.wikipedia.org/wiki/Steam_distillation
http://en.wikipedia.org/wiki/Food
http://en.wikipedia.org/wiki/Sweets
http://en.wikipedia.org/wiki/Cough_drops
http://en.wikipedia.org/wiki/Toothpaste
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Bio Char 

Scientists at the U.S. Department of Agriculture 
(USDA) are leading the way in learning more 
about "biochar," the charred biomass created 
from wood, other plant material, and manure.     

Soil scientist Jeff Novak at the ARS Coastal 
Plains Soil, Water and Plant Research Center in Florence, S.C., is coordinating the 
multi-location effort found biochars could improve the sandy soils found on the 
Carolina coastal plain, and Pacific Northwest silt loam soils derived from volcanic 
ash. 

Novak's team used peanut hulls, pecan shells, poultry litter, switchgrass and 
hardwood waste products to produce nine different types of biochars. The biochars 
were mixed into one type of sandy soil and two silt loam soils at the rate of about 20 
tons per acre. 

After four months, the team found that biochars increased soil moisture storage in 
all three soils.  Biochars also increased soil pH levels, and made available 
phosphorus and sodium.  

Agricultural producers could someday select feedstocks and pyrolysis processes to 
make "designer" biochars with characteristics that target specific deficiencies in soil 
types. 

 

 


