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Biomass is organic material, either raw or processed, with an intrinsec chemical energy content that 

allows conversion into electricity or fuel. The following shows the many ways to use biomass: 

bioenergy (divided into "bioheat": thermal energy and "bioelectricity": the electrical energy from 

biomass), biofuels: all fuels generated from biomass, including solid (fuelwood, pellets), liquid 

(bioethanol, biodiesel, bio-oils), and gaseous (biogas, hydrogen and other gases). Other uses: 

biomass is also used for fibres and other materials, chemicals, as well as various useful fine and bulk 

products. The conversion of biomass into usable energy can be summarised by the three main steps: 

Resources — Conversion — End-uses 

There are considered three sources of solid biomass: 

• Agriculture residues; 

• Municipal solid wastes; 

• Forestry residues. 

The biomass potential is estimated by terms of annual dry available quantities (tn/yr) and amounts of 

thermal energy (GWh*) that could annually be saved from conventional primary energy sources. For 

each kind of biosource, the calculation methodology is described analytically. 

Major conversion technologies is: 

• Heat production. The majority of current biomass-derived energy comes from wood combustion 

to produce heat. Direct combustion processes for heat production and driving a steam cycle are 

already commercial, with a constant drive for the improvement of their efficiency and reduction of 

their pollutant emissions. There are two different systems of creating heat: small scale heating 

systems and district heating systems. The first one uses logwood, pellets, woodchips, etc., the 

other, typically based on either fluidised bed boilers or grate boilers, can burn wood chips, peat, 

refuse-derived fuel, waste wood, sawdust and straw. 

• Co-generation of heat and power. Combined heat and power (CHP), the simultaneous production 

of heat and power, is suitable for small scale applications. It can be used to provide space 

heating and domestic hot water to individual houses or a group of buildings. Excess electricity 

generated may often be exported to the grid. This relatively new technology has reached the 

commercialisation stage also for small scale applications (50-500 kWel). 

• Bioethanol production. Bioethanol is an alcohol mainly produced by fermentation of sugar- and 

starch-containing organic materials. Commercialisation of biofuels for transport could be in the 

form of neat or blend type (the latter being mixed with oil derived from fossil fuels). 
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, ftiodiesel production. Rapeseed oil represents the main feedstock (84% of the raw material 

sources). Other raw materials include sunflower, soybean or used frying oil (waste vegetable oil). 

Technological progress has been made in the recent past to broaden the feedstock basis and to 

improve process technology through flexibility in processing multi-feedstocks. Biodiesel as a pure 

fuel is getting increasing acceptance from car manufacturers, and also heavy duty vehicles (e.g.: 

Germany). 

• Charcoal production. A new tow cost / low energy input direct process of biomass without any 

binding compound for converting biomass pellets into charcoal of any kind is now appearing on 

the market. Charcoal pellets can be utilised for cooking and heating uses, syngas production, 

hydrogen production for biomethanol synthesis, activated coal production for gas and liquid 

purification, and in the production of special steel. 

Biomass potential is very large and widely distributed throughout the world. The present biomass 

contribution to the total world energy needs approaches 14 % (50 EJ/y on a total contribution of 406 

EJ/y) and is essentially based on agro-forestry residues and natural forest. In future, a large 

contribution may derive from dedicated crops (Short Rotation Forestry plantation, herbacious crops) 

grown on marginal lands. 

Biomass is mostly used for heating and cooking needs in developing countries. There is a need for 

wider availability of modem and efficient technologies of bioenergy, and great efforts are being made 

to promote the contribution they can make towards environmentally, technically and economically 

sustainable use of resources. 

High demand for biomass conversion and utilisation technologies can be expected in the short term 

in both industrialised and developing countries, with very likely opportunities for export of 

technologies, know-how and services, particularly for small-medium capacity plants. 

Because bioenergy activity can be implemented at small, medium and large scale, it is applicable to 

a wide variety of resources and processing / utilisation schemes. Its deployment in the EU anticipates 

a significant potential contribution as shown here below: 

> NEW JOB CREATION IN THE EUROPEAN UNION 
SECTOR NEW JOBS MAX. LONG TERM 

(BY 2020) (BY2050) 
Heat 325.000 (40 MTOE/y) 730.000 
Power 305.000 (30 MTOE/y) 3.180.000 
Transport 683.000 (43 MTOE/y) 1.620.000 
Chemicals 196.000 (20 MTOE/y) 196.000 
Total jobs 1.509.000 (133 MTOEfy) 5.726.000 
> MAIN TYPES OF BIOMASS RESOURCES: 

• short rotation forestry (willow, poplar, eucalyptus) 

• herbaceous ligno-cellulosic crops (miscanthus) 

• sugar crops (sugar and cane beet, sweet sorghum, Jerusalem artichoke, sugar millet) 

• starch crops (maize, wheat, com, barley) 
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• oil crops (rape seed, sunflower) 

• wood wastes (forest residues, wood processing waste, construction residues) 

• agricultural residues and wastes (straw, animal manure, etc.) 

• organic fraction of municipal solid waste and refuse 

• sewage sludge 

• industrial residues (e.g.: from the food and the paper industries) 

> KEY ADVANTAGES OF BIOMASS 

• Abundant availability and no need to import the resource 

• Good opportunities for technology exports 

• Stable employment opportunities 

• Many environmental and energy benefits 

• Reduced C02 and other emissions 

• Contribution to a balanced growth of agriculture 

> BIOENERGY CONTRIBUTION IN THE EUROPEAN UNION (Figure 1) 

The major RES sectors [1] are wind, photovoltaic (PV), solar thermal, (solar thermal power plants 

and solar energy in buildings) hydro (small and large scale), biomass (with and without waste) and 

geothermal. Their obvious attraction in terms of energy supply is that they are either naturally 

occurring or can be replaced quickly, do not need to be imported, and in general have less impact on 

the environment than conventional energy sources. In the long term, with appropriate development 

and promotional support, they could help significantly to combine secure energy supplies with a 

healthy environmental and economic performance. 

Figure 1 - Biomass resources potential 

The contribution of renewables to energy production across the EU (EU15) (table 1) has risen slightly 

since 1990 - from around 5% to around 6% (figure 2). They represent around 14% of electricity 

generation - a figure that was fairly constant throughout the 1990's. This figure disguises significant 
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real rises in RES production (over 30%) because energy demand also grew over the same period. It 

also does not reveal the growing interest in renewables among conventional energy sectors and 

financial institutions, shown for example by recent substantial investments made by several of the 

world's leading energy companies. 

Much RES technology is still at a relatively immature stage of development, compared with 

conventional energy technology, moreover, new entrants often have a difficult task in entering 

traditional markets, and energy is no exception. Against this background, without strong customer 

incentives and mass-marketing, government pressure and publicity, the full potential contribution of 

renewable energy to energy supply will probably only be fully realised in the medium to long term. 
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Figure 2 - The contribution of renewables to energy production 

Large-scale hydropower is the largest renewables producer. The major growth sector in renewables 

is wind, which grew 1,275% between 1987 - 1997, from 46 ktoe to 631 ktoe. Solar thermal 

production more than doubled over the same period, from 146 Ktoe to 323 Ktoe. Biomass grew by 

almost a third, from 39.976ktoe to 51.676ktoe. Geothermal and hydro also increased, by 27% and 

18% respectively. In 1997, EU RES production totalled over 80 Mtoe, an increase of 27% over 1987. 

This growth pattern has also coincided with more reliable and better smaller applications for 

renewable energy sources. 

Table 1 - Energy production from RES in EU-15, by sector 

1989 1996 1997 1998 Increase 89/98 
Wind 46 417 631 1.037 2154% 
Solar 146 294 318 347 138% 
Hydro 21.859 24.814 25.452 26.262 20% 
Geothermal 2.215 2.747 2.815 2.992 35% 
Biomass 39.979 47.777 52.552 54.175 36% 
Total RES primary Energy 64.242 76.051 84.816 84.816 32% 
Production (ktoe): Total RES electricity 273.290 321.436 334.642 352.805 29% generation 

(GWh) 
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The Commission's Green Paper on Renewables has resulted in a Strategy for Renewable 

as a result of which high levels of investment are anticipated in renewable energy - an anticipated 

increase of almost 30% between 1987 and 2010. If this is coupled with funding in research 

technology development and demonstration for renewable energy technologies, the prospects for 

renewable production over the coming years are good. It is essential that Europe's position as a 

manufacturer, developer and user of RES technologies continues to improve. This will enable the EU 

both to maintain its leading role and to contribute to fast-growing markets in the EU and elsewhere. 

Biomass as an energy source, with or without other fuels (solid fuels/wastes) is now commercial in 

unit sizes of 10-30MW. Small, decentralised Combined Heat and Power (CHP) applications are of 

increasing efficiency and importance. Production costs are comparable with wind energy, although 

installation costs are somewhat higher (1,500 EURO/kW - depending on the plant scale and 

technologies used). 

Biomass has a theoretical potential of up to 20 % of current primary energy (assuming 20 million ha 

of arable land for fuel crop with a yield of 6 toe of biomass per ha and the availability of 150 Mtoe of 

waste biomass). 

Future trends are likely to be towards larger unit sizes of 50-100 MW and increases in efficiency of 

up to 50%. New technologies, including biomass-integrated gasification combined cycled plants, are 

increasing the efficiency of biomass generation for electricity. Efficiencies of up to 80% are possible 

in CHP operations. Multi-fuel operations are likely to be enhanced, in particular as the result of 

incorporating biomass use into CHP installations. A significant proportion of new sources will come 

from the agricultural sector, in particularly wood fuels and liquid biofuels. 

There is a potentially large market for biomass applications in decentralised plants, especially CHP, 

and for substituting fossil fuel in electricity generation. Also, co-firing biomass in existing and new 

power plants is economically feasible and has great potential in the EU and beyond. Finally, small-

scale applications, e.g. biomass and pellet stoves, could be widely applied in a short time-scale. 

Applications of small scale biomass gasification CHP 

Decentralized or distributed energy production systems, favoured by the liberalisation of energy 

market, show several advantages [2]: 

> Better fuel utilization due to higher energy efficiency, which may reach or exceed 90%; 

> Flexible adjustements to load demands; 

> Wider range of types of fuels being used; 

> Lower investment cost involved (no long distance transmission systems are required,etc); 

> Regional development (e.g. creating new jobs, etc.); 

First step for CHP implementation is to identify the proper power size and site location of possible 

practical CHP units. The study should include 

> assessment of the biomass energy/power potential of a wide geographical area and its zones of 

interest 
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>• determination of the most favourable location for the possible unit installation based on 

the minimization of the transport distance of the feedstock involved 

> formation of two types of mixed solid biomass fuel for supplying the considered CHP unit 

> economic analysis of the unit involved 

benefit to the national economy resulting from the operation of the CHP unit. 

The most suitable heat and power consumers for such small scale industrial units are private 

consumers, agricultural farms, hospitals, hotels and public buildings, small agro industrial units such 

as oil mills, extraction units and wine distilleries. A cotton ginning factory itself has a very high heat 

demand which is not possible to be covered by a single BioHPR reformer. At this point it must be 

mentioned that [3]: 

• Small scale industrial units are too small provide adequate and economical storage facilities for 

biomass quantities capable to feed the gasifier throughout the whole year. 

• The existing biomass potential of the specific area is enough for about 1,000 such units, most of 

which can substitute oil burners in the tertiary sector. 

The diverse topography [4] of NAS countries along with the prevailing agro-climatic conditions favour 

the production of a wide variety of residual biomass that could be used for energetic purposes [5]. 

CONCLUSIONS 

> EU requirements in areas such as the percentage of energy produced from renewable sources, 

recycling, and waste disposal are dramatically improving the economics of waste-to-energy and 

renewable energy projects. 

> This study assist the identification of possible application and markets of the CHP-plants in the 

NAS states, and forms the first part of a detailed study on economical and ecological prospects 

of small scale and large heat pipe reformers in NAS. 

> It 's well known that the energetic strategy of the European Union, foresees the increase of the 

participation of the renewable energy from the total of the energetic resources of the European 

Union, up to 12% in 2010. This participation, in order to satisfy demand, it is considered minimum 

and of a great importance for the adequate reduction of green house effect gases. 

> From the energetical point of view it is proven the fact that in 2010 the production of renewable 

energy will be: 

• electricity 675 TWh; 

• heat 80Mtoe (930TWh); 

From the above mentioned energy, the biomass will cover 

« electricity 230 TWh-34,1%; 

• heat 75 Mtoe (93,8%); 
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