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ABSTRACT 

 

World needs enormous amount of electrical power to enhance economic improvement. In India the installed capacity of renewable sources 

was 29469.51 MW as on 30-09-2013.The biomass estimated potential in India is around 70GW. Therefore, it has an enormous potential 
for development and application. As a promising renewable energy source, the bio energy imparts a prominent role for energy security 

and the sustainability.  This article focuses on the environmental impact of large, land-based biomass energy projects of biomass. This 

paper also depicts the various conversion technologies, processes involved in the bioenergy production. The various quests have been 
sought to convert biomass into clean energy. This study would be useful to create awareness to install biomass power plant in India. 
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INTRODUCTION 

 

 Biomass refers to organic matter derived from 

plant and animal material. It is a sustainable, 

renewable recyclable source of energy. It is a green 

energy and available in many forms. The total 

growth of biomass on earth is equivalent to 10 times 

of the current total world energy consumption. It can 

be burnt at low pollution and it has an advance 

ignition point [1]. The per capita energy consumption 

in India is very low (753.1kWh/Year) compared to 

USA (9538.8 kWh/Year). India has a large number 

of dairy animals. The excreta of dairy animals have 

the potential to provide a considerable amount of the 

total energy requirement. Most of the biomass 

species capture 1% or lower amount of solar 

radiation. Utilization of bio energy can be expanded 

with further development to meet the increasing 

energy demands to reduce global warming and to 

reduce the carbon dioxide emissions and also with 

the benefit of urban and rural wastes disposal. The 

biomass combustion is still a dominating conversion 

technology for heat and power production [2]. Some 

of the major limitations of biomass energy 

production include the relatively small percentage in 

an average of 0.1% of light energy that is captured by 

plant material and that about half of the biomass of 

even developed countries like the USA is harvested 

as agricultural and forest products [3]. The impact of 

Polycyclic Aromatic Hydrocarbons (PAHs) from 

coking plant and the fine particulate fly ash and soot 

emitted from the power plant can cause more harms 

to the atmospheric environment. High contents of 

PAHs in waste water produced from the power plant 

and coking plant, in which the total contents of 

controlled pollutants are respectively 7.38 times and 

52.3 times as much as the pollution result in harmful 

impact on the environment through direct drainage 

into surface water or intrusion into soil. PAHs in coal 

dump and wastes pile can be released from the 

leaching of rainwater, which can further intrude into 

the ground water through the leaching of surface 

water and cause harm to human health [4].  As the 

result of the introduction of penalties on carbon 

dioxide emissions and other economic instruments, 

the energy industry is motivated to improve energy 
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efficiency and climate mitigation by switching from 

fossil fuels to renewable fuels [5].  Production of 

biomass is only one dimension of the biomass-based 

energy systems; its conversion to utilizable energy is 

another and equally important dimension. Several 

technologies are available for biomass conversion, of 

these the most widely used are direct combustion and 

pyrolysis [6]. The combustion of biomass fuel 

contributes to the local development. A brief review 

on environmental (positive and negative) aspects of 

biomass is provided in this paper. 

 

2. The environmental impacts: 

The important environmental factors such as 

land and water resources, soil erosion and water run-

off, nutrient removal and losses, loss of natural biota, 

habitats and wildlife, and social and economics of 

biomass are reviewed as follows. 

 

2.1.Land and water resources:  

An implementation of biomass energy 

production program requires large amount of land 

area and water resources. Biomass horticulture 

contributes to dangerous water pollution by means of 

the pesticides and fertilizers. Producing energy crops 

such as corn for ethanol requires additional 

agricultural land. [3]. Substitution of straw either for 

coal or for natural gas reduces global warming, non-

renewable energy use, human toxicity and 

ecotoxicity, but increases eutrophication, respiratory 

inorganics, acidification and photochemical 

ozone[7]. Agricultural land use appears to be 

justified by considerable environmental 

improvements, and the result of enzyme technology 

is a promising means of moving toward cleaner 

industrial production [8]. Higher the land dispersion 

degree and less are ease of use levels reduce the 

economic and environmental performance [9]. For a 

large-scale power plant of 1 GWe the expected 

increase in water consumption is ranging between 

32% and 93%. It produces tens of kilo tonnes of 

waste and by-product annually [10]. 

  

2.2 Soil erosion and water run-off: 

Biomass energy production projects can 

intensify soil erosion problems. The corn cultivation 

is highly liable to soil erosion. Soil erosion 

contributes in speeding up water run-off retarding 

ground- water recharge; the nutrient-rich run-off and 

it can harm the quality of receiving lakes, rivers and 

coastal water body where ocean tides and river water 

merges by causing eutrophication[3]. The 

agricultural management system indicates the soil 

biological quality. The lowest levels of soil 

biological quality indicators were observed in the 

plots with application of some type of herbicide. The 

addition of oat straw to soil is an effective soil 

management, because it increases the different 

fractions of organic carbon and microbial activity, 

that it will be translated into a rapid improvement of 

soil quality [11]. The tilling of soil induces soil 

displacement and its effects on soil properties. The 

wheat biomass cultivation shows reduction of soil 

depth. The mixing of the undesirable coarse subsoil 

materials such as rock fragments further affect the  

soil productivity and soil properties[12].  

 

2.3 Nutrient removal and losses: 

A Significant nutrient loss will be incurred by 

the harvesting of crop residues for biomass energy. 

The nutrients contained in both grain and residues  of 

corn yield  of 7840 kg per hectare are 224 kg N, 37 

kg P, 140 kg K, and 6 kg Ca nearly half of the 

nutrients are contained  in the residues. Thus, 

nitrogen as well as other nutrients must be replaced 

for each subsequent crop. The amount of energy 

needed to replace the nutrients lost when the grain 

and corn plants are harvested would be the 

equivalent of at least 460 litre of oil per hectare [3]. 

The elements such as Cr, Cu, Ni and Mn were 

enriched in fixed bed ash which formed after the 

combustion of the biomass fuels. Toxic metal ions 

were released in low quantities in the soil. The high 

leachability of Mn, Zn and Cr from the fly ash was 

probably attributed to their binding with carbonates, 

sulfides, sulfates and organic matter. The biomass 

fuel may be suitable for firing applications in utility 

boilers, if control methodologies are used to 

mitigating operational and environmental problems 

caused by the high content of alkali and Cr of the 

agricultural byproduct [13]. Up to 50% of 

environmental impact is from the upstream influence 

of fertilizer production. For reducing the 

environmental impact utilization of nutrients derived 

from waste streams, integrating renewable energy 

and capture of process heat for more efficient drying 

are essential. Process nutrients in the form of 

fertilizer and energy required to dry microalgae 

biomass for pyrolysis are also major challenges to 

overcome, although utilization of nutrient-rich 

wastewater and process heat from symbiotic 

industries could change this picture quite 

dramatically [14] 

 

2.4. Loss of natural biota, habitats and wildlife: 

Conversion of natural ecosystems (forests and 

wet land) into energy-crop plantations will change 

the habitat food sources of wildlife, mating areas of 

some mammals, birds and other biota. The 

monocultures are less stable than climate forests and 

require increased energy inputs in the form of 

pesticides and fertilizers to maintain productivity. 

The values of areas and the diversity of vegetation 

will also reduce by monoculture plantation. Trees in 

profitable plantations are 2-3 times as dense as those 

of natural forests and it may results in greater pest 

problems [3]. Micro cogeneration may decrease the 

annual use of abiotic resources and water to some 

extent, but and it also provides a alternative for the 

energy supply for practical applications, further 
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improvement of system efficiency is still required. 

When evaluating micro-cogeneration plant and a 

central natural gas heating, the use of abiotic 

resources were up to 8% of the total use of abiotic 

resources, which is one consequence of the 

additional space requirement. The significant 

benefits like global warming and acidification 

potential benefits did not occur in the cogeneration 

for the energy supply [15]. The bio Fuel causes large 

amounts of illness and premature death due to the 

emissions of air pollutants such as nitrogen oxides, 

hydrocarbons, carbon monoxide and particles. Many 

of the technologies that cellulosic ethanol or Fischer–

Tropsch fuels are attractive for decreasing 

greenhouse gas emissions [16]. Ethanol fuel derived 

from poplar biomass may help to reduce the global 

warming up to 62%, abiotic resources depletion 72% 

and depletion of ozone layer 36% [17]. 

 

2.5. Social and economic impacts: 

The major social impacts will be shifts in 

employment and increases in occupational health and 

safety problems. Total employment overall is 

expected to increase if the nation's energy needs are 

provided by biomass resources. The labour force 

would be needed in agricultural and forest 

production. The direct labour inputs for wood 

biomass resources are 2-3 times greater per million 

kcal than coal. A wood-fired steam plant requires 

four times more construction workers and 3-7 times 

more plant maintenance and operation workers than a 

coal-fired plant. About 18 times more labour is 

required to produce a million kcal of ethanol than an 

equivalent amount of gasoline including the labour 

required to produce corn. Food and forest products 

have a higher economic value per kcal in their 

original form than when converted into either heat, 

liquid, or gaseous energy. For example, when one 

million kcal of corn grain is converted to heat 

energy, its market value is reduced eight times. 

Producing liquid fuels such as ethanol is also 

expensive, what one would obtain in the market for 

the grain, one gets 20% less when the grain is 

converted to ethanol [3]. The biofuels can reduce 

energy expenditure and save foreign exchange. The 

bio-fuels have enormous potential to create new 

markets, jobs and income for the better rural 

development [18]. The net present value shows that 

an installation of a   wood residue boiler which 

provides 40% of the annual heat demand is more 

economical than using a natural gas boiler to provide 

all the heat at a discount rate of 10%. Wood biomass 

combustion generates more particulate matters than 

natural gas combustion and it can be control by 

advanced emission control system [19]. The 

Comparison between the thermo chemical and the 

biochemical processes for lignocellulosic ethanol 

production indicates that MESP of a thermo chemical 

process from wood using indirect circulating 

fluidized bed gasification with partial oxidation as 

reforming technology could reduce 12% [20]. The 

inexperience about energy crops and the lack of 

research efforts on crop selection and the delay in  

the effective implementation of  biomass  putting the 

question on farmers’ to the use of their lands for 

energy crops cultivation[21]. The biomass-based 

combined heat and power (CHP) plants are more 

profitable in ethanol yield and electricity production.  

The local feedstock (straw) to CHP plant minimizes 

the transportation and environmental problems [5]. 

 

2.6. Price of biomass resources: 

The cost of biodiesel can be lowered by  novel 

technological development, increasing feedstock 

yields .The processing costs can be reduced by the 

use of co solvents, such as tetra hydro furan; can 

make the alcohol–oil–ester–glycerol system into a 

single phase. The production costs can vary widely 

by region, conversion process, feedstock and scale of 

production. The major economic factor to consider 

for input costs of biodiesel production is the 

feedstock, which is about 75–80% of the total 

operating cost .The maximum acceptable collection 

prices and different kinds of costs for the industries 

have critical impacts on the optimal pricing; the unit 

transportation price in the local transportation market 

.The agricultural biomass is very cheap when it is not 

utilized in large-scale [22]. 

 

3. Conversion technology and its impact: 

The various bio conversion techniques, 

Processes and the conversion products which are 

produced by the conversion technologies are shown 

in Table1.The various technologies available are 

Thermal conversion, Thermo mechanical conversion, 

Fermentation and Advanced Research biomass 

techniques ongoing etc. 

 

Table1: Technology and Processes for producing Bio energy 

Sl.No. Technologies Processes Conversion products 

1 Thermal conversion (a) Direct combustion 
(b) Pyrolysis 

(c) Gasification 

Heat&Power 
Hydrogen 

Alcohol  

Olefins 
Gasoline 

Diesel 

2 Thermo  mechanical conversion Liquefaction Hydrogen 

Methane 
Oils 

3 Fermentation (a)Aerobic fermentation 

(b)Anaerobic digestion 

Bioethanol 

Biodiesel 
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 Biobutanol 

Methane 
Speciality-chemicals 

 

4 Advanced  Research biomass 

techniques on going 

(a)Biophotolysis 

(b) Extraction of hydrocarbons 
(c)Hydrogasification 

(d) Fuel cells 

 

Hydrocarbon 

Hydrogen 
 Gases 

Electrical Energy 

 

 Broadly the impacts of conversion technologies are: 

(a) Air pollution - emissions of particulates, 

carbon oxides, sulphur oxides, nitrogen oxides; 

(b) Organic emissions - dioxin hydrocarbons, 

toxic irritants such as acid, aldehyde, phenol, and 

carcinogenic compounds such as benzopyrene; 

(c) Generation of solid wastes -bottom ash, fly 

ash sometimes containing toxic substances with 

accompanying pollution problems; 

(d) Water pollution - biological oxygen demand, 

chemical oxygen demand, suspended solids, and 

trace metals; 

(e) Pressure on land and water resources; 

(f) Household hazards - accidental fires; 

(g) Occupational hazards - prolonged exposure 

to toxic and corrosive chemicals. 

 

All in all the problems of air pollution associated 

with conversion of lignous bio-mass to energy are no 

less significant than the ones we are familiar vis a vis 

conversion of coal and oil. These are significant even 

at the very small scale of residential wood-burning. 

The smoke has harmful levels of carcinogens and 

other toxicants. Lastly in terms of a million kcal 

output, forest biomass has several times more 

occupational injuries and illnesses than coal and oil 

mining [3]. 

 

Conclusions: 

This paper covers the environmental and 

conversion impacts of large biomass energy projects. 

The removal of biomass from land and water for 

energy production programmes may increase soil and 

water degradation, and removal of nutrients. It might 

also affect wildlife and the natural biota. It also deals 

with various conversion techniques used for 

converting the bio mass materials into useful energy 

and its impacts. From this study it is concluded that 

the biomass is one of the potential sources of energy 

for the sustainable development of country. The 

identified threats to the environment from the 

production of biomass can be reduced by advanced 

technology. 
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