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Abstract: The paper describes the sources of biomass and techniques of producing energy from 

burning biomass: conventional burning, burning in fluidized bed, pyrolysis and gasification. 

Thermal processing of waste biomass from agricultural production and from the food industry 

allows to receive energy carriers in the form of liquid or gaseous fuels. Development of 

alternative energy sources creates a chance of maintaining energy independence. It is also 

compatible with the idea of sustainable development.  
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I. INTRODUCTION 

The depletion of energy minerals deposits and recurring oil crises cause increasing interest in 

alternative energy sources. The electric power, the fly-wheel of the world’s economy, is produced 

mainly in thermal, hydro-electric, nuclear and wind power stations [5, 6]. Thermal power plants 

produce over 60% of global energy. Unlike thermal power plants, water power stations do not pollute 

the natural environment. However, they require suitable lay of the land and significant water potential.  

Production of bioenergy from alternative sources has been developing for many years in Western 

Europe, USA and Japan. Basket willow, Pennsylvanian mallow, miscanthus, rose (Rosa multiphlora) 

and grain straws are used for this purpose.  

Poland has a significant technical potential of biomass and possibilities of its use for energy 

production purposes increase every year. Willow cultivation is especially popular [3, 7]. From one 

hectare of energetic willow plantation one may harvest 20 tonnes of dry mass which has the calorific 

value of 8 m3 of heating oil or 10 tonnes of coal. It is estimated that a 30-are plantation (i.e. on fallow 

lands) can fulfill annual energy needs of a small farm.  In the agricultural sector the harvest of willow is 

conducted in the winter months which is the time of low demand for workforce. Cultivation of 

multi-hectare plantations on fallow lands could therefore reduce unemployment. The willow as an 

energy carrier is practically inexhaustible (after 30 years the soil has to be reclaimed and a new 

plantation can be started).  

The produced biomass requires processing. This is associated with construction of new production 

plants and modernization of existing boiler rooms used for burning coal or heating oil. The ecological 

aspect has still greater meaning for the power sector’s activity. Objects and installations have to fulfill 

European Union’s standards regarding the permissible concentrations and emissions of pernicious 

gases. Because of this fact the interest of power plants and CHPs (combined heat and power plants) 

with biomass increases and new markets open for farmers. 

Realization of projects associated with eco-energy sector is financially supported by EKO-Fund 

Foundation. 

II. THE ORIGIN OF BIOMASS  

Plant resources are a source of different kinds of fuels: solid fuels, bio-alcohol, bio-oil, bio-gas. The 

process of fuel production begins with acquiring adequate raw material. This can be plant waste from 
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energetic plantations, plants with high sugar content, oil plants. 

In agriculture one can mention: straw, hay, beetroot pomaces. Forestry, wood mills and paper industry 

are also in possession of many different raw materials: chips, sawdust, brushwood, bark (fig. 1), lignin 

waste water.  

 
Fig. 1. Tree bark [photo by W. Sobczyk] 

 

Broad spectrum of materials is offered by agricultural and food industry: waste from sugar factories, 

distilleries, breweries, straw, food waste [1]. 

Recently plantations of fast-growing plants and trees have gained large popularity. These include: 

willow, plane tree, poplar, eucalyptus, sugar cane, rape, sunflower, flax, chosen species of grass (i.e. 

Sudan grass), grains, potatoes, corn, manioc, sugar beet, soybean, peanuts, sorgo. 

On breeding farms one may find waste from animal-farming: liquid manure, bio-gas. The municipal 

management provides waste sediments, household waste, waste paper, sewage treatment plant waste 

[2].  

 

III. TECHNIQUES OF ENERGY PRODUCTION  

The form of the fuel has fundamental meaning during the burning process. Wood waste are optimal 

for burning after being disintegrated into chips. Large contact area in relation to the wood’s mass 

creates a possibility of rapid heating to the ignition temperature and their complete burning. This is the 

condition for proper use of heat from the burned wood. The best way to use fine industrial waste (chips, 

sawdust) is to briquette them [3]. 

 Choosing the right furnace for particular forms of wood is also an important factor: 

- long pieces of wood should be burned in furnaces with mechanical loading,  

- in automatic furnaces one should burn wood in pieces and in form of compressed granulates, 

pellets (fig. 2) or briquettes (fig. 3).  

 

 
Fig. 2. Pellets from Olimp wood produced by the company Stelment [photo by W. Sobczyk] 
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Fig. 3. Briquette from oak pulp [photo by H. Malinkiewicz] 

 

- in furnaces with pneumatic loading and separation of carbon black one should burn sawdust (fig. 

4). 

 
Fig. 4. Sawdust [photo by W. Sobczyk] 

 

Burning of wood proceeds in three stages:  

- drying and heating,  

- degasification, 

- proper burning.  

During the degasification the flammable gases (hydrogen and carbon monoxide) burn up quickly and 

rise the temperature. After the gasification phase charcoal is created (fig. 5). It burns in ca. 800°C. 

 

 
Fig. 5. Charcoal [photo by W. Sobczyk] 

 

The proper burning proceeds almost without visible smoke. When the humidity of the fuel is high, 

special vaults are used to make the flame return and increase the drying process speed in the burning 

chamber. Through the application of blowing the flame can be extended which improves the quality of 

burning. 

After modernization of Power Plant Jaworzno II a modern thermal-electrical power plant was 
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created. Old Soviet Pk-10p no. 1, 2 and 3 boilers were replaced with two fluidized boilers of 

“Compact” type manufactured by Foster Wheeler. Two turbine sets of WK-50 type were replaced by 

thermal-condensative sets of 13CK70 type produced by ABB Zamech Ltd. Co-incineration of coal and 

biomass proceeds in CFB 260 boilers:  

- meat and bone dust  

- forest biomass: wood chips of calorific value up to 15 MJ/kg,  

- “Agro” biomass - sunflower shells and rape oilseed cakes, hop, post-distillation grain dried 

material, grain bran, beetroot and fruit pomace, grinding grain, 

- liquid “Agro” biomass – glycerin. 

Fluidized combustion of biomass occurs when fine particles of suspended matter are blown by the air 

coming from underneath them. Very good mixture of air and fuel particles is created and the large area 

of their contact increases the intensity of burning (the temperature may reach even 800°C). Thanks to 

this fact, during burning of biomass the emissions of nitrogen oxides are significantly reduced in 

comparison to grid furnaces. 

IV. THE ADAVANTAGES OF BIOMASS AND BIOGAS 

Using waste from the overproduction of food is doubtlessly one of the advantages of producing 

energy from biomass. This energy is clean and does not lead to creation of any significant 

environmental pollutants. Let us remind that biomass contains 0,01% of sulphur and after its burning 

the remained ash has a mass of 1% of the original raw material mass (in comparison - hard coal has 

between 0,5% and 5% of sulphur and leaves between 10% and 15% of ash). Emission of nitrogen 

compounds is also seriously reduced because of significant lowering of combustion temperature. The 

greatest reduction of emission occurs during balancing the carbon dioxide emissions which are 

responsible for the greenhouse effect. CO2 emission during burning is equal to the concentration of 

CO2 produced during the natural decay of biomass [9, 10]. 

The development of alternative energy technologies provides energy safety to the country because of 

diversification of energy producers’ offer. The energy production is decentralized and does not require 

construction of power lines (there are no transmission-related losses). In comparison to the energy 

produced using conventional methods it supports economical water management. Production costs of 

energy from biomass are comparable to the costs of producing electricity from the power grid. Moving 

further, it should be pointed out that in the poor and developing countries it allows to improve the 

hygiene and health conditions through cessation of spilling fecal matter directly onto the fields 

(Chinese and Indian provinces) what has once been a cause of dangerous diseases epidemics. 

There are not many flaws of this kind of energy production but they are significant. The calorific 

value of biomass is two times lower than that of hard coal [4]. Biomass processing installations are 

capital-intensive investments (large investment costs during the construction phase). Furthermore, it is 

necessary to strictly follow the fermentation regimes (temperature, acidity, hermetic conditions during 

the processes). The biomass is usually highly moist which causes problems during its transport and 

storage. Bio-fuels production requires higher capital expenditures in comparison to the fuels produced 

during oil processing. Additionally, there are no tax exemptions for the producers of energy from 

biomass [8]. 

V. CONCLUSION 

Production of energy from conventional sources causes significant damage to the environment. The 

reserves of fossil fuels are reduced every year and the energy becomes more expensive. The 

development of alternative energy sources opens a chance for an increase in the country’s energy 

independence, for regional development and creating new jobs. It allows for pro-ecological 
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modernization of the energy systems. For example, the cultivation of energetic willow can be a 

profitable and interesting area of agricultural development. 

The biomass can come from diversified sources: there are special energy plants cultivations and 

wastes from plant products production and processing.  

A lot of attention is paid to the environmental factors when considering energy production. During 

burning of biomass one may derive from additional benefits, like significant reductions of detrimental 

substances emissions. Biomass is a cheap, ecological and clean energy source. Looking for alternative 

sources of energy is also compatible with the sustainable development principles. 
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