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Basic Digester in Pivka Poultry Company 
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According to the feed-in tariff in Slovenia, the price of electricity from biogas sold to the public grid is 

12.09 c€/kWh and the premium for the share of electricity used in the company is 8.33 c€/kWh. The 

project in the phase of implementation (construction/building) and the plane is to be in operation in 

2007. 
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Sector (multiple answers possible)

Agriculture; 3

Forestry; 1

Waste management; 
2

Timber industry; 2

Engineering; 7

Logistics; 0

Environment/Ecology; 
5

Economy/Finance; 2

Public authority; 3

Association; 10

Others; 3
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19 2 1 0

8 10 3 0

7 13 0 2

6 4 10 2

9 6 7 0

3 000

0 5 10 15 20 25

number of answers

plant location

noise im pacts

increase in traffic 

health effects  

environm ental im pacts

 others  

Is the public acceptance of bioenergy projects in u rban areas 
influenced by the following aspects?

yes partly yes partly no no

13 5 1 0

3 2 9 5

7 10 2 0

4 11 4 0

4 9 6 0

0 2 4 6 8 10 12 14 16 18 20

number of answers

public m oney

non-financial support

local/regional politics

national politics

EU politics

Are the follow ing frame conditions relevant for 
bioenergy project realisation?

yes partly yes partly no no
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1. General information on the Region 

1.1 - Location 

Catalonia is one of the gateways from the Iberian Peninsula to Europe, which has had an effect on the 
country’s history and personality. It is in the north east of the Iberian Peninsula and covers an area of 
approximately of 32.000 km2 (figure 1). It is one of the autonomous communities of Spain and has its 
own governing body, the “Generalitat de Catalunya” [1]. 
To the east is the Mediterranean Sea, to the north the borders with France and Andorra, and to the west 
it adjoins the autonomous communities of Aragon and Valencia. This strategic position has forested 
close relations with the other Mediterranean countries and with continental Europe. Given the varied 
altitudes of Catalonia, which has plains alternating with very mountainous regions, there is a wide 
range of bioclimatic habitats here. 
 

 
 

Figure 1 – Location of the Catalonia with respect to the Iberian Peninsula. 
 
Despite the fact that the country does not have substantial resources of raw materials, Catalonia has a 
very high standard of living both in absolute figures and in comparison with other communities of 
Spain. GDP for 2006 was 195284 milion Euros, 20.0 % of the total GDP for Spain. 
 

1.2 - Climatic data and geographical information 

 
In general, the climate in Catalonia is Mediterranean, with lots of sun. It is mild in winter and hot in 
summer. The morphological diversity also determines the variations in climate. The Pyrenees and 
nearby areas have climates typical of high mountainous regions, with minimum temperatures below 
0ºC, annual rainfall of above 1,000 mm and heavy snowfall in the winter. Coastal areas have mild, 
temperate weather, with temperatures that raise and rainfall that decreases as one moves from north to 
south. Inland, far from the sea, the climate is typical of continental Mediterranean regions, with cold 
winters and very hot summers. 
The notable relief features are the Pyrenees, the Central Depression or the Ebre depression, and the 
Catalan Mediterranean system, as well as the coastal plains and the Cordillera Transversal. The 
impressive mountain range of the Pyrinees, with its east and west facing slopes, stretches from Atlantic 
to the Mediterranean, separating the Iberian Peninsula from the rest of Europe. The south-east slopes 
of the range in Catalonia form a long strip running 230 km from the Val d’Aran to the sea. The axial 
Pyrinees are predominantly of granite and dark slatey areas, and have steep sides and high peaks (the 
Estats peak is 3,143 m high, Comaloformo is 3,033 m and Puigmal is 2,913 m) as well as lower areas 
such as “La Cerdanya”, with its very beatiful, diverse landscape marked by glacial cirques with tarns 
and pools, water courses that have cut out deep valleys, meadows and forest pine, fir trees and birch. 
The pre-Pyrenean folds of Montsec and Pedraforca are also steep and largely consist of limestone. The 
protected areas include Aigüestortes and Estany de Sant Maurici National Park, El Cadí-Moixeró 
Natural Park, the Natural Park of the Volcanic Region of “La Garrotxa”, and the Cap de Creus Natural 
Park. 
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The Catalan Mediterranean system consists of three areas that run parallel to the coast: the Serralada 
Litoral, a range of mountains that stretches from the Garraf massif to the Begur massif; the Serralada 
Prelitoral, which stretches from Les Guilleries to Els Ports, with major massifs such as El Montseny, 
Montserrat and El Montsant, and between them the depression Prelitoral, which holds the most 
densely-populated regions of El Gironès, La Selva, El Vallès, El Penedès and El Camp de Tarragona. 
The natural parks in this area include the Garraf, El Montseny, Montserrat, Sant Llorenç del Munt and 
El Montnegre-Corredor parks. The Depressió Central, at the eastern end of the Depressió de l’Ebre, 
consists of a series of basins formed by erosion (the Plana de Vic, the Pla de Bages, the Conca de 
Barberà), high plateaus (La Segarra and El Lluçanés) and the alluvial plains (El Segrià and L’Urgell) 
that are largely used for growing crops. Other smaller distinctive areas include the coastal plains of 
l’Empordà and the Delta de l’Ebre, and the Serralada Transversal (Puigsacalm) range of mountains. 
The natural parks of the Aiguamolls of L’Empordà and the Delta de l’Ebre are on the coast and are 
important havens for migratory birds. The sheer coastline consists of 580 km of the steep cliffs 
interspersed with hidden or sandy coves depending on the proximity of the mountains. The various 
stretches of coastline, from north to south, are known to tourists as the Costa Brava, the Costa del 
Maresme, the Costa del Garraf and the Costa Daurada. 
 

1.3 - Population 

The population in 2006 was 7,134,697 inhabitants (16% of Spain), giving a density of around 222 
habitants per km2. Two third parts of the Catalan population lives in the Barcelona metropolitan area 
(4,841,365 in 2006). 
 

1.4 - Information on current structure of energy provision within the region  

 
Catalonia’s lack of energy resources has traditionally been combated by the use of rivers as a source of 
power. The mountainous nature of the land makes it possible to generate hydroelectric power here. In 
recent decades, oil refineries have been constructed, the natural gas supply network to industry and 
homes has been extended, and thermal and nuclear power stations have been built. Attention is now 
increasingly turning towards alternative energy resources. Table 1 shows the use of different types of 
energy sources in Catalonia by the different sectors of activity. 
 

Table 1 – Consumption of energy by activity sectors in Catalonia in 2003 (ktoe) [2]. 

 Industry  Domestic  Primary  Services  Transport  TOTAL 
Carbon 24,9 0,5 - 1,0 - 26,4 
Coke oil 748,1 4,0 0,3 0,7 - 753,0 
Fuel-oil 282,2 - - 9,2 - 291,5 
Diesel 109,6 156,2 520,1 98,6 3.506,8 4.391,3 
Kerosene - 0,2 - - 741,2 741,4 
Gasoline - - - - 1.398,3 1.398,3 
GLP 34,3 181,3 15,1 69,5 7,6 307,7 
Natural gas 2.287,8 842,2 9,8 358,5 3,4 3.501,7 
Non-renwable 
waste 

42,8 - - - - 42,8 

Electricity 1.637,8 798,1 35,8 1.120,5 63,6 3.655,7 
Biomass 43,0 39,9 1,8 8,8 - 93,5 
Bioethanol - - - - 23,7 23,7 
Biodiesel - - - - 5,4 10,5 
Biogas 4,0 - 0,8 0,6 - 5,4 
Solar 0,1 2,2 - 0,5 - 2,7 
TOTAL 5.214,7 2.024,6 583,6 1.667,8 5.749,9 15.240,6 
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The demand of energy is very heterogeneous throughout the territori. The map in figure 2 shows the 
consumption of electricity in 2003 by the different municipality territories. It is concentrated in highly 
populated areas and around industrial areas. Table 2 indicates the available power generation 
capacity to satisfay this demand. En the next future more combined cycle plants will be in service. 
 

 
Figure 2 – Electricity demand by municipalities in Catalonia (2003) [2] 

Table 2 – Installed capacity of power generation plants in Catalonia in 2003 [2] 
 

Conventional plants Capacity ( MWe) 

Nuclear 3.146,8 
Hydropower 2.088,3 
Carbon 160,0 
Fuel-oil 1.235,9 
Combined cycles 1.579,4 
TOTAL 8.210,4 

Cogeneration and renewable energy  

Cogeneration 1.139,1 
Hydropower (low capacity) 231,9 
Industrial and municipal waste incineration 54,4 
Biogas and waste reduction 115,8 
Biomass 0,5 
Waste methanisation 23,2 
Wind power generation 86,7 
Photovoltaic 2,2 
TOTAL 1.653,8 
TOTAL POWER CAPACITY 10.082,2 
 
 
 

 

< 25 GWh 
25 - 50 GWh 
50 - 100 GWh 
100 - 250 GWh 
250 – 600 GWh 
>600 GWh 
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1.5 - Industrial structure 

 
Ever since the Industrial revolution – in which Catalonia led the way – industry has been one of the 
bases of the Catalan economy. Textile manufacturing, especially the manufacture of wool and cotton 
fabric in the early days and then later of manmade fibres, used to be extremely important but has given 
way to high-technology industries including the chemical, pharmaceutical and precision mechanics 
sectors, and, more recently, the car building and allied industries, railway parts and machinery, the 
petrochemical and electronic industries and so forth. The publishing industry, graphic arts and fashion 
are also economically important. The construction sector, often allied to tourism, has always been and 
remains a driving force of the economy. 
Since the Middle Ages, when merchant ships reached all the ports on the Mediterranean, trade has 
been a decisive element in the country’s economy. Small traders, who traditionally have been very 
dynamic, today co-exist with the large hypermarkets that are a feature throughout Europe. Other 
sectors worth mentioning in the service industries include transport and communications, telecom and 
advertising companies, and especially the hotel and restaurant sector, which have grown hand in hand 
with the explosion in tourism that began in the Sixties. 
 

1.6 - Agricultural and forest area 

In recent decades, agriculture has moved over to crops and production that have a high added value, 
such as vineyards. Vineyards stretch across some 71.000 ha that include nine areas producing wine 
that bears a “denominació d’origen” (guarantee of origin). Table wine and prestigious sparkling wine 
known as cava are also produced (especially in El Penedès). These products are much appreciated 
throughout the world, as demonstrated by the high export figures. Also worthy of mention is the 
intensive flower cultivation in El Maresme. Olives are another prestigious crop, and a large amount of 
quality oil is produced in the district of Les Garrigues from arbequina olives. Fruit is grown in the 
artificially irrigated orchards in the El Segrià plain around Lleida, nuts are harvested in El Camp de 
Tarragona, rice in the Delta de l’Ebre, vegetables and citrus fruit in the region of Torotosa, cereals and 
fodder in L’Empordà, and so on. Cattle and sheep raising is concentrated mainly in the Pyrenees and 
large numbers of pigs, fowl and other farm animals are also raised. Fishing is a long-established 
tradition on the coast, but catches are now limited to some 60.000 tonnes per year to protect stocks and 
the environment.  
According to the available data of 1993 (Vayreda, 2004), the area of Catalonia used for the agriculture 
activity was 34,4% and the forest accounted for a 37,1% of the total area. 
 

1.7 - Political frame conditions for the region with regard to bioenergy utilisation  

In December 30th, 1999 the Spanish government approved the “Plan de Fomento de las Energías 
Renovables 2000-2010” (PFER), Plan for the promotion of renewable energy. The general goal of this 
plan was to increase the contribution of renewable energy to the primary energy consumption up to a 
12% from 2000 to 2010.  This plan has been recently updated for the period 2005-2010 as will be 
commented later. 
The law that regulates the methodology for the application and update of the juridical and economic 
framework for the production of electricity in the “regimen especial” including cogeneration and with 
the use of renewable energy sources is the Real Decreto 661/2007 that substitutes the previous RD 
436/2004. 
 
Other laws that are directly related to energy issues but include measures to promote renewable energy 
are: 
Ley 51/2002 (“Ley Reguladora de las Haciendas”), through which the municipalities can apply tax 
reductions on economic activities and others to the companies using or producing energy from 
renewable energy or cogeneration. 
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Ley 36/2003 (Ley de Medidas de Reforma Económica”), that establish different types of tax cuts to 
companies contributing to the improvement of the environment. 
 
On the other hand, IDAE and ICO (“Instituto de Crédito Oficial”) signed annual collaboration 
agreements with the objective to create a financial line for investment projects in renewable energy 
and energy efficiency.  
 
The legislation support to energy efficiency and renewable energy has proved to be effective in general 
regarding the great development reached by wind energy, and in a lower scale, by the hydro energy 
and cogeneration. Nevertheless it has been insufficient so far for the correct development of other 
kinds of renewable energy such as biomass or solar energy.  
 
Figure 3 shows the biomass consumption in Catalonia according to different biomass sources. 
 

 
Figure 3 - Distribution of the biomass consumption in Catalonia in 2003 (GenCat, 2005). 
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After the first half of the PFER the increase in renewable energy consumption is important but lower 
than expected. Additionally the increase in primary energy consumption in Spain (more than 3,2 % per 
year) has been higher than the one foreseen in the PFER so the contribution of renewable energy to the 
total primary energy consumption is even lower.  
 
The contribution of the renewable energy sources to the consumption of primary energy in Spain at the 
end of 2004 was 6,5% [6]. It is important to note that it was not a good year due to the low rain regime. 
Using the theoretical production corresponding to an average year calculated considering the existing 
capacity, the contribution goes up to a 6,9%. Compared to energy consumption in 1998, base year used 
for the PFER, 6,3%, the improvement is very low so a new plan has been recently approved for the 
period 2005-2010. 
 
Plan de Energías Renovables 2005-2010 (PER, Plan for Renewable Energy) 
 
This new plan assumes again the objective to cover the 12% of the primary energy consumption from 
renewable energy but with another distribution between renewable energies at is explained next for 
each type of bioenergy. 
 

Biomass  

Biogas 22,7 

Biofuels  

Waste 
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Biomass 

 
The objective for the biomass to produce electricity is now 1.427 MW. To reach this goal the following 
measures are to be implemented: 
 
- Start of a new program of co-firing of biomass and carbon in 19 already existing power plants. 
- Sensible increase in the retribution of the electricity coming from biomass plants. 
- Support of the already existing Interministerial Comission of Biomass that will increase their 

activities to estimulate the potential biomass market. 
 
For the thermal biomass the objective for 2010 is of 1.383 ktoe that will be supported by a new non-
refundable investment budget. 

Biogas 

 
The objective for the period 2005-2010 is to increase the installed power by 94 MW with an associated 
generated power to this increase of 592 GWh in 2010. This translates to 188 ktoe additional in terms of 
primary energy. 

Biofuels 

 
The European Directive 2003/30/CE already adapted to the national legislation with the objective to 
cover the 5,75% of the market for transport fuel with biofuels and renewables has modified the target 
in the new plant. The objective for 2010 is now 2,2 millions of toe.   
 
In the next section it will be described in detailed the situation of Catalonia and Spain with respect to 
biomass, biofuels and biogas. 
 

2 – Bioenergy situation 
 

2.1 - Biomass 

 
In Spain at the end of 2004 the objective of the PFER to reach a contribution to the primary energy 
consumption of 12% from renewable energy was fulfil by only a 28,4% (Renovalia, 2005). In 2006, 
the consumption of biomass was 761 ktoe for electricity production and 3,457 ktoe for heating (IDAE, 
2007). 
 
The annual installed capacity of biomass for electricity production in Spain until 2006 was 409 MW 
with an average increase per year of around 46% during the last years (figure 4). The lectricity 
generated was 2,454 GWh. Nevertheless, this figure is still far below the initial estimate of the 
National Plan for the promotion of renewable energy sources (PER) aiming at 1,317 MWe of 
electricity installed capacity by 2010. 
In the biomass sector, an important amount of biomass is used for heating without electric power 
generation in domestic or industrial applications. For this cases it is difficult to estimate the amount of 
consumed biomass more easily to be obtained for plants with biomass power generation plants. In 
figure 5 it is presented the foreseen evolution of the Spanish market of biomass for thermal pourposes. 
 
With respect to the distribution of the biomass installed capacity in Spain by regions (Table 3), the 
leading one is Andalucia and Catalonia is in 7th place. Regarding the consumption of biomass, 
Andalucia is still in the first position and Catalonia is now in the 4th position (Table 4). 
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Figure 4 - Biomass accumulated installed capacity for electricity production in Spain (MW). Source: IDAE, 2007 

 

 
Figure 5 –Development of the Biomass for thermal uses in Spain (ktoe). Source: IDAE, 2006. 

 
Table 3 – Biomass accumulated installed power capacity (kW) by regions in 2005. Source: IDAE, 2006 

 

Region Power capacity 
Andalucia 103,685 
Aragon 25,408 
Asturias 37,650 
Baleares 0 
Canarias 0 
Cantabria 2,720 
Castilla – La Mancha 40,120 
Castilla y Leon 11,145 
Catalunya 0 
Comunidad de Madrid 0 
Extremadura 1,300 
Galicia 32,220 
La Rioja 0 
Murcia 0 
Navarra 36,920 
Pais Vasco 50,500 
Valencia 12,317 
TOTAL 353,985 
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Table 4 – Consumption of Biomass in 2005 in Spain by regions (toe). Source: IDAE, 2006. 
 

Region Consumption 

Andalucia 951,207 
Galicia 703,605 
Castilla y Leon 436,003 
Catalunya 298,549 
Pais Vasco 298,313 
Castilla – La Mancha 284,987 
Asturias 227,862 
Valencia 230,070 
Aragon 174,060 
Navarra 168,977 
Extremadura 119,810 
Comunidad de Madrid 79,951 
Murcia 65,713 
Baleares 49,801 
Cantabria 49,634 
La Rioja 34,826 
Canarias 2,608 
TOTAL 4,175,976 

 

Comparison with the European situation 
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Table 5 – Gross Biomass consumption in 2002 (toe). Source: SOCINTEC 
 

 Biomass Total renewable % w/ total renewable 

Spain 4,175 6,953 60.0 
EU 15 53,912 85,266 63.2 
EU 25 62,110 94,936 65.4 

 
Table 6 – Gross production of electrical power in Europe in 2002 (GWh). Source: SOCINTEC 

 
 Biomass Total renewable % w/ total renewable 

Spain 4,454 36,196 12.3 
EU 15 47,556 368,876 12.9 
EU 25 48,821 386,671 12.6 
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2.2 - Biofuels 

General description 

 
The production of liquid biofuel in Spain was 347.000 tons in 2005, of which 166.000 were biodiesel 
and the rest was bioethanol. In 2005, Spain was the fourth European producer of biodiesel. However, it 
was the first producer of bioethanol.  
 
In Europe the production of biofuel was 1,75 million of tons in 2003, that is a growth of 26% with 
respect to the precedent year. Table 3 shows the installed capacity of biofuel plants in Spain in 2003. 
 

Table 7 – Biofuel in Spain in 2003 (thousands of tons). Source: IDAE. 
 

 2000 2001 2002 2003 

Annual installed capacity - - 69,9 4,7 
Accumulated installed capacity 51,2 51,2 121,1 125,8 

 
 
There are two European Directives to directly promote the use of biofuels: 
 
- Directive 2003/30/CE to promote the use of biofuels in the transport sector. It states that each 

member country has to put a minimum percentage of consumption, being 2% the minimum until 
November 2005 and 5,75% until December 2010. 

 
- Directive 2003/96/CE modifies the taxation framework for energy products and electricity for 

reduction or elimination of taxes on the use of biofuels to make them more competitive. 
 
As a result of the application of the Directive 2003/30/CE to local legislation, each Member State must 
follow Union objectives, which require that by December 31, 2005, 2% of fuel marketed for 
transportation be biofuels, gradually increasing to 6.76% by December 31, 2010. Should a Member 
State fail to take the necessary measures to attain these objectives, the European Commission could 
request justification based on reasonable criteria. The Directive also requires each Member State to 
enact all legal and administrative regulations necessary to comply with its objectives by no later than 
December 31, 2004. A key component of the Directive states that the European Commission will 
formulate a report at the end of the year 2006, and every two subsequent years, which reviews the 
progress of the integration of biofuels into every Member State. This report will help to determine 
whether further legislation is needed to promote the use of biofuels in the EU. 
Because bioethanol production is not competitive with that of gasoline, the biofuels industry is 
dependent upon the economic support of the Member State. A special tax on fossil fuels will enable 
biofuels to compete with gasoline, and aid in reaching the objectives of the Directive. In October 2003, 
the EU approved the Directive of Taxation of Energy, which includes a special fiscal regulation of 
biofuels, allowing the Member State to exempt biofuels from the fuel tax.  
The European Commission is also developing legal and administrative measures to adapt the technical 
regulation for the introduction of biofuels in fuel, including new quality standards to guarantee the 
optimum performance of motors. With the revision of the Directive 98-70 of the Quality of Gasoline, 
approved in February 2003, the Commission added a paragraph requiring that, prior to December 31, 
2005, the EU should modify the volatility limits in this Directive to allow the direct blending of 
bioethanol into gasoline. Several MS including Spain, Germany, Sweden, France, United Kingdom 
and Poland (which will become a MS in May 2004) have already developed the necessary local 
legislation to comply with the European Directive's mandates. The objective in the Spanish PFER was 
500.000 toe of liquid biofuels, which is lower than the 5,75% of the fuel market stated in the Directive 
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2003/30/CE. At the end of 2004 a 45,6% of the objective was already fulfil. As it will be seen later the 
new energy plan for 2005-2010 will set their objectives with the mentioned directive. 
In Spain the "Ley de Acompañamiento de los Presupuestos del Estado" issued on December 31, 2002, 
establishes that all biofuels introduced into fuel will be exempted from the hydrocarbon tax. This is an 
important and pioneering step taken by the Spanish Government to comply with new Euro-pean 
Directives. The law includes a clause allowing for a transition period for pilot projects begun under 
previous legislation to bring those projects into compliance with new legislation after the finalization 
of their legal status as pilot projects. 
In December 2003, the Spanish government approved a bill regulating the specifications of gasoline 
including specifications for the blending of 5% ethanol into gasoline. 
  

Situation respect the international market 
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The production of biodiesel in Europe at an industrial scale was initiated in 1992. Table 8 shows the 
Spanish biodiesel production in comparison with other countries in 2005. Now exist 40 biodiesel 
plants all over Europe with a production of 1,35 millions of tons. This production is concentrated 
mainly in Germany, France and Italy.  
 

Table 8 – Biodiesel installed capacity in different countries (thousands of tons). Source EBB (European Biodiesel Board) 
 

Country 2005 

Germany 1.669 

France 492 

Italy 396 

Spain 166 

Check Repub. 133 

Poland 100 
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The biofuel produced in the biggest quantity in the world is bioethanol with 18,3 million of tons in 
2003. By far the main producers are Brasil (maily from sugar cane fermentation) and the USA (mainly 
from maize fermentation) that since 20 years ago were really committed to use ethanol as a substitute 
of fossil fuels (Table 9). Spain is the main European producer with 181.000 tons/year due to the 
company Abengoa [5].  
The target for biofuels stated in the PFER is 500 ktoe for the period 1999-2010, mainly concentrated in 
bioethanol (400 ktoe). During the first quarter a 50% of the target has already been reach. 

 
Table 9 – Accumulated installed capacity of Bioethanol in EU (thousands of tons). Source: IDAE, 2006. 

 
Country 2005 

Spain 181 

Sweden 130 

Germany  120 

France 100 

Poland 68 

Finland 37 
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The potential European demand for bioethanol (either blended into gasoline of used in manufacturing 
ETBE) based on the objectives of the Directive of Promotion of Biofuels (2% in 2005 and 5.75% in 
2010) is shown in table 10 (energy equivalent). For the EU15, total potential demand is up to 4.92 
million letters in 2005, and up to 14.146 million liters in 2010. Considering the Member States added 
since May 2004, the potential demand for EU25 is up to 5.393 million liters in 2005 and up to 15.504 
million liters in 2010.  
 

Table 10 – Bioethanol expected demand in Europe [5]. 
 

Country  kt. gasoline 
2000 

2% 
EtOH kt.  

EtOH kt. 
eq. 

2% EtOH 
MHI eq. 

5,75% 
EtOH kt. 

EtOH kt. 
eq. 

5,75% EtOH 
MHI eq. 

Germany 30,036 601 1,001 12.52 1,727 2,878 35.98 

UK 22,703 454 757 9.46 1,305 2,176 27.20 

Italy 17,527 351 584 7.30 1,008 1,680 21.00 

France  14,347 287 478 5.98 825 1,375 17.19 

Spain  8,958 179 299 3.73 515 858 10.73 

EU15 118,091 2,362 3,936 49.20 6,790 11,317 141.46 

Poland  5,213 104 174 2.17 300 500 6.24 
Czech 
Rep.  

1,953 39 65 0.81 112 187 2.34 

EU25  129,422 2,588 4,314 53.93 7,442 12,403 155.04 
 
 

2.3 - Biogas 
 
The installed capacity for the production of electricity from biogas in 2006 was 160 MW that 
generated 972 GWh of electricity. The consumption of biogas in 2005 was 317 ktoe more than the 
triple than in 1998. The biogas comes from farm residues, wastewater treatment plants (30%) and 
landfills (60%). Catalonia is in the third position regarding the installed capcity of electrical power 
from biogas (Table 12).   
 
The leading countries in the production of biogas are the United Kingdom and Germany well ahead 
from the other countries. Spain ranks in the fourth position behind Italy (Table 13).  
 
 
 

Table 11 – Installed capacity of electrical power plants using Biogas in Spain (MW). Source: IDAE. 
 

 2000 2001 2002 2003 2004 

Annual installed capacity 4,9 5,2 16,6 50,0 16,2 
Accumulated installed capacity 50,1 55,3 71,9 121,9 138,1 
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Table 12 - Installed capacity of electrical power plants using Biogas in Spain by region (kW). 

Source: IDAE. 
 

Region Capacity 

Comunidad de Madrid 55,885 

Catalunya 32,655 

Galicia 12,803 

Valencia 11,250 

Asturias 10,690 

Andalucía 5,564 

País Vasco 4,620 

Castilla y León 3,976 

La Rioja 3,164 

Murcia 3,060 

Cantabria 2,000 

Navarra 1,320 

Aragón 1,220 

TOTAL 151,555 
 
 

Table 13 – Gross production of Biogas in Europe (thousands of toe). Source: EurObserver. 
 

Country 2005 

United Kingdom 1,783 
Germany 1,594 
Italy 377 
Spain 317 
France 209 
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Stakeholders and existing networks in the bioenergy  sector in the region 
 
The bioenergy sector includes different areas such as biomass, liquid biofuels (biodiesel and bio-
ethanol) and biogas with many different industrial activities involved: from the collection of the raw 
material, logistics, pretreatment, production of energy and also other support activities from public 
energy entities. Thus it is a very complex structure that contributes to limit its development. With the 
exception of bioethanol, in the Spanish bioenergy sector there is not a solid industrial structure, but 
desegregated industries working only in certain aspects. There are a large number of stakeholders 
involved in some degree in bioenergy so here it will be provided a non-exhaustive list with the most 
relevant:  
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Public research organisations 

- CIEMAT 

Companies 

- Acciona Energía 
- Valoriza (Sacyr Vallehermoso) 
- Foster Wheeler  
- Guascor 
- EQTEC 
- Cadagua, S.A. 

University research groups 

- Extremadura  
- Pontifica de Comillas 

Technological centres 
- Cartif 
- Cener  
- Aicia 
- Circe 

Energy agencies 

- SODEAN (Sociedad para el Desarrollo Energético de Andalucía) 
- IDAE (Instituto para la Diversificación y Ahorro de la Energía) 
- ICAEN (Institut Català d’Energia) 
- EVE (Ente Vasco de la Energía) 

 

BIOFUELS 

Public research organisations 

- CIEMAT 
- INTA 

Companies 

- Acciona Energía 
- Abengoa  
- Guascor 
- Reagra 
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University research groups 

- Extremadura  
- Castilla La Mancha 

Technological centres 

- Cartif 
- Cener 
- Cidaut 
- Gaiker 
- Ikerland 

Energy agencies 

- IDAE 
- ICAEN 
- EVE 

BIOGAS 

Public research organisations 

- CIEMAT 

Companies 

- Cadagua 
- Besel  
- Guascor 
- Tragsa 
- Micropower (MSP) 

University research groups 

- Extremadura  
- Cádiz 

Technological centres 
- Cartif 
- Cener 
- Aicia 
- Cidaut 

Energy agencies 

- IDAE 
- SODEAN 
- ICAEN 
- EVE 

 
 
 
 
 
 
 
 
 
 



 
;?�

· Missing stakeholders and missing contributions of stakeholders 
 
In general, according to their potential, the biomass is the renewable energy source with the lowest 
level of developed. It is a very heterogeneous sector with very fragmented contributions from many 
companies with their main activity focused also in other fields. Now the involvement of Spanish 
companies in biomass projects is very low. On the other hand the biomass logistic supply is not 
sufficently developed. 
 
 
Existing networks  (i.e. regular and established meetings, conversation circles, round 
tables): 
 
 
In Spain there are no specific networks for bioenergy activities. Instead a brief list of bioenergy related 
associations is given (non exhaustive list): 
 
APERCA – Professional Association in Renewable Energies of Catalonia (Associació de Professionals 
de les Energies Renovables de Catalunya) 
 
APPA – (Asociación Española de Productores de energías Renovables) 
 
ADABE - Association for Extension of Biomass in Spain 
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3 - Bioenergy facilities in the region 
 
The aim of this section is to provide an overview on pellet, biogas, biomass/wood-chips and biofuel 
facilities in the Catalonian region situated in the context of the whole country, with some interesting 
data on the more important sites. 
 

3.1 – Biomass plants 
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Molins Energia, S. L. 
This plant belongs to the Grup CASSA (Companyia d‘Aigües de Sabadell, S. A.) and Hidrowatt, S.A. 
(55%), Municipality of Molins de Rei (15%), Entitat metropolitana de Medi Ambient (15%) and ICAEN 
(15%). The company SERVEDAR, S.L. belonging to the grup CASSA, operates the plant. 
 
Heating and Domestic Hot Water distribution network from biomass started in 2001. The plant supply 
heating to the residential area “La Granja“ with 695 houses and 2.000 residents that is located 1 km 
from the heating plant. Now 575 houses (82.7%) are connected to the heating network. Each house has 
its own heat exchangers. 
The hot water and heating service is continuous 24 hours a day. Although the power plant itselft works 
from 12 to 16 hours per day, the hot water storage guarantees a steady supply of water all time. During 
the night there is a system of heat storage and the plant shuts down. The system is composof three 
basics elements: 
- A solid fuel boiler, fed by biomass 
- The hot water distribution network of La Granja, which includes the piping, pumping and heat 

storage systems.  
- A centralized system of managment, control and monitoting teh service. 
 
The process begins when trucks take the biomass and put it into a silo, where a screw conveyor system 
feeds it into a burner. The hot fumes generated pass into the boiler and transfer heat to the cooler water 
coming back from the houses at 80ºC. This heat transfer increases its temperature to 90ºC and the 
water return to the houses to deliver the heat.  
Characteristics and performance at full development (100% of deployment) (Gil, 2004): 

- Biomass: pine fruits, fruit shells and wood waste 
- Biomass boiler: 2,250 kW (Biomass burned at 2 stages: biomass incineration (750ºC) and   

Biomass total combustion, 1200ºC, heat recovery in a horizontal piroturbular boiler with 3 
smoke path), (figure 6). 

- Back-up natural gas boiler: 1,634 kW (6 boilers with 2 burners each) 
- Thermal production: 6,800 MWh/year at 90ºC 
- Biomass consumption: 2,200 tons/year (540 kg/h maximum by the boiler) 
- Boiler efficiency: 85% 
- Boiler pressure: 4 bar 
- Network length (supply and return): 4.734 m 
- Network volume: 125 m3  
- Maximum Flow rate: 275 m3/h 
- Network diameter: between 60 and 273 mm with poliuretane insulation 

- Investment cost (Central plant+network): 1,622,733 Euro of which 456.769 Euros came from 
subsidies.(Thermie Programme and Spanish and Catalan government) 

- Biomass storage: 180 m3 
- Hot water storage: 200 m3 
- Surface of the central plant building: 450 m2 
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Results at full development: 
- Primary energy saving: 730 toe/year  
- CO2 emission reduction: 1,700 tons/year 

 
Operational results until June 2004: 

- Consumption of biomass: 4.009 tons 
- Thermal production: 11,671 MWh 
- Primary energy saving: 1,330 toe 
- CO2 emission reduction: 3,098 tons 

 
 

 
 

Figure 6 - View of the burner and boiler of the Molins Energia plant (Gil, 2004) 
 

 
Figure 7. Several pictures of the Molins Energia biomass plant 

 
Energia Natural de Mora, S. L. 

Description 
 
This is an integrated biomass gasification power plant located in Mora la Nova (Catalonia) (EQTEC).  
 
ENERGIA NATURAL DE MORA, SL was commissioned by the food and farming company PERE 
ESCRIBÀ, SA to develop an integrated biomass gasification power plant running on almond shells 
called ENAMORA. The plant, which started its industrial operation in October 1997 with 500 kW 
power alternative engines, has been proving to be technologically flexible and reliable and provided 
primary energy savings ranging over 500 toe every year, thus preventing some 1,500 tonnes of CO2 
from being emitted into the atmosphere. 
 
It uses a cylindrical fluidised bed gasification reactor working at atmospheric pressure. The process 
consumes 500 kg/h of almond shells. The gas obtained by the gasification process is used in 2 ignition 
spark VOLVO engines with a nominal capacity of 250 kW. The annual electricity production is 2 
GWh with a consumption of 2.500 tons of shell almonds. 
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The plant has been enlarged in April 2001 with one new 250 KW generator, total output being 750 
KW. The plant has been running for more than 15,000 hours, and has produced more than 10,000,000 
KWh of electricity; using several types of biomass like almond shells, wood chips, olive pits, etc. 
 
EQTEC IBERIA and ENERGIA NATURAL DE MORA have jointly designed different types of 
gasification power plant, output ranging from 250 KW to 2,500 KW and 30 % electrical efficiency. 
Higher outputs can be achieved by means of two or more gasification lines. 
 
Plant origin 
 
As some of the industries formerly consuming almond shells as solid fuel closed down and natural 
gas consumption increased, a surplus of this solid fuel-not long ago a true income source in the 
economic balance sheet of dry fruit producing companies-was inevitable. In this context, almond 
producers such as PERE ESCRIBÀ, SA company, started facing problems to make profits out of 
selling this fruit’s shells. Furthermore, it is anticipated that these problems would only worsen with 
time. In view of the situation, in 1993, PERE ESCRIBÀ, SA studied various energy solutions to make 
the most out of almond shells. In 1994, their survey concluded in an ambitious research project to set 
up a gasification system that would allow operating with a small-sized reactor; it provided high-energy 
performance and it was environmentally friendly. Three years afterwards, this project led to the current 
ENAMORA gasification facility built by ENERGIA NATURAL DE MORA, SL, with the support of 
the ICAEN. This plant generates the power required for self-consumption and it sells any surplus to 
the grid. 
 
Process 
 
The gasifying process (figure 8) starts when motor driven shovels introduce almond shells in the main 
hopper. Once shells are grounded to about 4x4 mm, they are forwarded to the hoppers, which feed the 
reactor-gasifier directly. These consist in two groups in series, where shells are added through a 
mechanical system. Hoppers have some built-in sensors and some pneumatic valves, which 
automatically guarantee there is no shortage of material at any time. These open sequentially and stop 
incoming air or exhausting gas. 
 
The reactor-gasifier where the thermal chemical reaction into fuel gas of the solid organic matter takes 
place is strongly protected with fire and heat-resisting material. This enables the facility to obtain high-
energy transfer efficiency and to level the bed temperature throughout programmed stops. This device 
was also designed to guarantee that temperature was distributed alike at any time and that fuel 
accumulation inside was minimal. The reactor was furnished with a balanced-pressure fluidised 
system, which integrates tar reduction and some built-in dispersing concentric ring injectors to ease the 
effectiveness of the inert catalyst. Some sounding devices distributed along the gasifier control and 
regulate optimal reaction temperatures and, provide the monitoring computer with the parameters it 
requires to act on the frequency converter of the fuel feeding system. A flow meter constantly 
measures the amount of air retained inside the reactor, which is regulated by means of a pneumatic 
valve. The gasifying agent used is nonenriched ambient air, which is preheated up to some 250ºC 
before it is reintroduced in the reactor in opposite direction to the gas (the latter is approximately 
exhausted at 700ºC). This is done to optimise energy efficiency. The resulting lean gas in cleaned and 
cooled down so that it reaches the engine in optimal conditions. Filtering lean gas implies eliminating 
solid fractions, tar remains and water excess, so that polluting emissions are largely minimised. Solid 
fractions, consisting in non-reacted ashes and coal micro-particles - since gasifying implies operating 
with an air flow -, are trapped inside within a sleeve filter and reduced to mineral ashes by means of a 
thermal self-oxidation process. Sleeves cleaning bring along a proprietary system, which guarantees an 
efficient and safe process. 
 



 
< �

Later gas cooling takes place in a gas/water heat exchanger (water comes from a cooling tower so that 
external contributions are not required), and results in a condensate formed by remaining water from 
reactions and by short-chain hydrocarbons. The process ends when lean gas is mixed with the 
combustion air from engines, a mix that is compressed in the turbo-compressor and introduced in the 
combustion chamber. The two engines running on dual fuel gas – diesel mode keep a certain diesel 
injection level, which ignites the mix. Diesel accounts for 5% to 8% of the energy supplied to the 
engine. The plant uses two land-traction VOLVO diesel engines adapted by the actual company to 
generate electricity and to operate with a lean gas and liquid fuel (Diesel oil) mix. The third engine 
running with Otto cycle doesn’t need any diesel injection – its principle of operation is based on 
induced ignition - thus one spark plug per cylinder is in charge of ignition of the air – gas mixture. 
The facility (figure 8) was designed to operate at limited power, from 250 KW to 750 KW, and its 
priorities were safety, operation easiness and minimising maintenance costs. 
 

 
 

Figure 8 – Process diagram of the biomass integrated gasification plant of Enamora, S. L. (Source: EQTEC). 
 
 

 
 

Figure 9 – Different views of the biomass gasification plant in Mora la Nova (Catalonia) (Source: EQTEC). 
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Results 
 
The power generation and gasification facility concluded its testing period in October 1997. Regular 
industrial exploitation has not stopped since then. The system has been proving to be extremely 
flexible since it allows unattended and uninterrupted 16-hour daily operation, 5 days a week. That is, 
the facility does not require any staff exclusively devoted to it. Daily ignition and stop operations, for 
instance, are fully automatic. Nominal power is reached 30 minutes after the sequence has started in 
the case of 8-hour stops, or 90 minutes if the stop is up to 48 hours at the most. This way, during the 
four years of operation, the facility was in service for over 15.000 hours, during which it generated 
over 10 GWh of electricity on the basis of such a renewable source as almond shells. 
 
This accounts for savings close to 1,600 toe and for minimising emission levels almost 5,000 tonnes of 
CO2. The success of this first phase made the company to be already at work to try and duplicate the 
facility’s power and be able to generate 1 MW of electricity by feeding it with 1 t/h of almond shells. 
 
Once the almond shell system had proven to be flexible and reliable, ENERGIA NATURAL DE 
MORA and EQTEC IBERIA started its plans to adapt the gasifier to other types of biomass, either 
from natural or waste sources, organic waste such as plastics that cannot be recycled or even the fuel 
fraction of MSW, namely Refuse Derived Fuel (RDF). The basic research programme that made this 
technology possible had a cost of over 2.50 million EUROS. This development effort will enable 
future applications under competitive market conditions. 
 
“Les Planes de Son” Biomass Heating Plant in a Nature Center of Sustainable Development 
 
The biomass heating plant is located in the municipality of Son (Alt Àneu, Pallars Sobirá), Lerida. The 
plant provides heat to a building that has a capacity of lodging for 92 people and there is also a 
laboratory, a documentation center, a library, a planetary, an astronomical observatory and an 
auditorium. 
 
The main components of the biomass heating plant are a silo of 30 m3 for the biomass supply and a 
boiler of 175 kW of capacity. The biomass used is 50,000 kg of wood residue chips supplied by two 
local sawmills, the full power operation is 1200 hours/year. The building is heated by groundfloor 
heating and the biomass boiler is combined wiith a solar thermal installation.  
 
The total investment was 90,670.95 euros and the annual cost of biomass is 3,146 euros.  
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This plant is owned and run by Acciona Energía (formerly EHN, Empresa Hidroeléctrica de Navarra) 
and was one of the first plants of this kind in the south of Europe burning cereal straw (figure 10). The 
difficulty with this fuel is their high content in chloride and alkaline elements. There are also 
difficulties to assure the supply and with the handling of the straw material. This plant was included in 
the European Programme Thermie and in the Spanish Energy Saving and Efficiency Plan.  
The installed capacity is 25 MW and operates throughout the year with an approximated consumption of 
160.000 tons/year of cereal straw. Connected to the grid in July 2002 after two years under construction, the 
plant is operational 8.000 hours per year and produces 200 GWh (year 2006), around 6% of the electricity 
consumption of the region of Navarre. The cost of this project was of around 51 million Euros. Iberinco and 
Powertec did the engineering project of the plant. Bioener (boiler), Alstom and ABB Power Technology 
supplied the main equipment. 
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The plant (figure 10) has a constructed surface area of 10,108 m2, consisting of the warehouse (5,120 
m2), boiler house (1,900 m2), turbine shed, control area and offices (2,635 m2) and other auxiliary 
installations (453 m2).  
 
Process 
  
The straw is transported until the plant in pacas, that are deposited in a storage. The packaged straw is 
conducted to the boiler by means of a transporting tape. A cut system crumbles the straw before falling 
to an end of the grill, located in the boiler, where it is burned. The combustion warms up the water that 
circulates around the walls of the boiler, until turning it steam. 
Since this moment takes place a triple concatenated process: The steam, after pass through a 
sobreheater, moves a turbine that, connected to a generator, causes the electricity production. The 
water steam that has pass through the turbine, already to smaller pressure and temperature, takes until a 
condenser, cooled by the water taken from a network that crosses the industrial area. Thanks to that 
thermal reduction, the steam becomes water again, and this liquid will again be transferred in circuit 
closed until the walls of the boiler beginning the process.  
The combustion of the straw produces unburned, which they are deposited at bottom of the boiler, and 
ashes, turn out to filter and to purify the gases that finally are emitted by the chimney of the plant. The 
remainders are used for fertilizer production. 
 
 

 
Figure 10 – Schematic of the Sangüesa biomass plant (Source: Acciona Energía). 

 

 
 

Figure 11 – View of the Sangüesa biomass plant (Source: Acciona Energía). 
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Biomass plant of ENCE in Huelva, Pontevedra and Nav ia (Asturias) 

 
Celulosa Energía S.L. belonging to the cellulose group ENCE started in 2000 a cogeneration plant of 
27 MWe in San Juan del Puerto (Huelva) consuming wood industry residues and natural gas. The 
group ENCE owns other two biomass power plants with a total production of 600,000 MWh. The 
company plants to increase the Navia plant capacity sot the production in 2009 will be increased a 
100%, 1,200,000 MWh. 

Biomass plant of TRADEMA S.A. 
This plant located in Linares (Jaén) consumes industrial wood residues with a capacity of 4.21 MW.  

Bioenergética Egabrense 
This plant located in Cabra (Córdoba) dries a biomass residue knowm as orujillo and produces 8 
MWe of electricity in a power plant.  

Biomass plants of CECSA and BIOMAP 

These two twin biomass plants of 12 MWe consume 100.000 tons of biomass from energy crops 
(thistle straw and cereal). The plant of CECSA (Cultivos Energéticos de Castilla) is located in Burgos 
and BIOMAP (Biomasas del Pirineo) in Huesca. 
 
Process 
 
The twin plant produce electircal energy by means the combustion og energy crops (thistle straw and 
cereal). The combustion of the straw of the biomass takes place in a vibrant grill, cooled by water, that 
receives the primary air or air warmed up from underneath the own grill. Also air preheated through 
nozzles located on the grill is provided, in order to obtain a complete burn of particles in suspension 
and to reduce the presence of CO in the combustion chamber.  
 
The first stage in the grill on which the straw is fed, is put under a great turbulence, which contributes 
to that the straw releases its volatile matters, that corresponds the 50-60% of its energy. The straw is 
burned in controlled conditions and the particles nonburned, along with the ashes of the grill, move 
towards ahead by means of the vibratory movement of the grid. The vibration takes place in cycles, 
with seconds of vibration each 1-2 minutes.  
The gases produced during the combustion of the straw, pass to first stage of the boiler that also acts 
like post-combuster under controlled conditions of turbulence. The steam boiler is a unit to 
acuotubular of special design, with suspended superheaters, that produce 44.7 tons of steam/hour to 63 
bar(a) and 488ºC. 
 
The produced steam is used in a steam turbine that drives a generator for the production of about 12 
MW of electricity. The net annual production that is given to the network, is calculated in about 
96,000,000 kWh annual.  
 
 

 
Figure 12. Diagram of the plant  
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Location: Baena (Córdoba, Andalucía) 
Start-up: 2001 
Owner: Vapor y electricidad El Tejar (VETEJAR) 
Biomass: Orujo (20-40% moisture) 

Capacity: 25 MWe.  
Consumption of biomass: 225,000 tons/year 
Power production: 168,750 MWh/year  
Self-consumption of electricity: 16,875 MWh/year 

Boiler: Standkessel 
Type: moving grate 
Steam produced: 110 tons/h 
Pressure: 65 bar 
Temperature: 450ºC 

Steam turbine: Ansaldo 
Capacity: 25 MW 
Steam: 65 bar/450ºC  
Condensation pressure: 0.16 bar 
Consumption: 3.1 kg/kWh 
Extraction of Steam: no 

 
 

Figure 13 – View of the Agroenergética de Baena plant ( Source: Standardbiomass service SL). 
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Location: Algodonales (Cádiz) 
Start-up: 2002 
Owner: Vapor y Electricidad El Tejar (VETEJAR) 
Biomass: Orujo (40% moisture) 

Capacity: 5.0 – 5.7 MWe.  
Biomass consumption: 53,000 tons/year 
Power produced: 37,500 MWh/year 
Self-consumption of electricity: 3,750 MWh/year 

Boiler: Standarkessel  
Type: Mobil grid 
Steam generated 25 tons/h 
Pressure: 72 bar 
Temperature: 450ºC 
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Steam turbine: Nadrowski (Prematécnia) 
Capacity: 5.0 MWe 
Condensing pressure: 0.17 bar 
Steam extraction: no 

 
 

Figure 14 – View of the Agroenergética de Algodonales plant (Source: Standardbiomass service SL) 
 
Bioeléctrica Jinense S.A. 
 
Plant of biomass of 16 MWe, fed with orujillo with a consumption of 300,000 tons/year. Property of 
Abener (90%). The plan is located in Linares (Jaén). 
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This plant produces electical energy by means of the combustion of orujillo in Villarta de San Juan, 
(Ciudad Real). The plant has a net power of 16 MWe and exports to the grid 113.2 GWh.  Property of: 
ECYR (52%), Aceites pina (24%), AGECAM (24%). Engineering by Ghesa Ingeniería y Tecnología, 
S.A. Main equipment by Foster Wheeler, Balcke Durr and Siemens. The investment of the installation 
was 21 million Euros 
 
Process 
 
The process of production of the power station is conceived like a power cycle of steam. This steam is 
generated in a boiler of design adapted to the combustion of orujillo, that pass through a turbine 
connected to a generator it provides the electrical energy that is exported to the grid. The cycle is 
closed condensing the steam by means of aircondensers, thus reducing the water consumption that 
other options would imply.  
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Location: Villanueva del Arzobispo (Jaén, Andalucía) 
Start-up: 2002 
Owner: ECYR (40%), Grupo Cobra (20%), Caja Rural de Jaén (10%), Iverjaén (5%) and olive oil 
owners (25%) 
Biomass: orujillo 

Capacity: 16 MWe.  
Biomass consumption: 103,236 tons/year 
Power produced: 112,150 MWh 
Self-consumption of electricity: 11.215 MWh/year 
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Boiler: Foster Wheeler (Engineering by Ghesa Ingeniería y Tecnología, S.A.) 
Type: burner/parrilla 
Steam generated: 65.8 tons/year 
Pressure: 62 bar 
Temperature: 450ºC 

Steam turbine: Thermodyn 
Condensing pressure: 0.1 bar 
Steam extraction: no 

 
Figure 15. View of La Loma Biomass Plant 

 
VETEJAR - Vapor y electricidad El Tejar, S.L.  
 
Steam production in a combustion boiler with a bed material. The steam is injected in a condensation 
turbine. Abener Energía, S.A. participates with a 25%. 
 
Location: Palenciana (Córdoba) 
Start-up: 1995 
Owner: Vapor y electricidad El Tejar, S.L. (VETEJAR)  
Biomass: Orujo (60% moisture) 

Capacity: 12.5 MWe.  
Biomass consumption: 150,000 tons/year 
Produced power: 90,000 MWh/year 
Self-consumption of electricity: 10,800 MWh/year 

Boiler: Foster Wheeler (Engineering by Abener).  
Type: fluidised bed 
Steam generated: 50 tons/year 
Pressure: 85 bar 
Temperature: 450ºC 

Steam turbine: Siemens 
Condensing pressure: 0.15 bar 
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Figure16. View of VETEJAR plant (Source: Abener) 

 
Secaderos de Biomasa en Puente Genil (Sedebisa) 
 
The biomass plant generates electricity from olive pulp (orujillo) in Cordoba. The Electrical Power is 
9,7 MWe that is produced by means of a steam turbine. The consumption of biomass is 71,000 
tons/year.  
 
The Council of Innovation (Consejería de Innovación) has approved two requests of subvention for its 
construction by an amount superior to the 800,000 euros each. Total plant investment 46 million 
Euros. Owner: Sedebisa and Cepalo and cosntructed by SACYR (Valoriza). Engineering by Iberese. 
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9,5 MWe. Plant located in Villanueva de Algaida (Málaga). The biomass is orujillo (dry). Property of 
Oleoliva (50%) Iberese and Sacyr (50%). Engineering by Iberese. Main Equipment by Kem (boiler) 
and Iberese (turbine). In the process the boiler is fed with orujillo and it is basically a cycle water-
steam with a condensation steam turbine. 
 
The main parameters of the plant are: 
 
Availability of orujillo  64,000 tons/year  
Operation period 8,000 h/year 
Fuel Consumption  30,800 t/h PCI 
Electrical Power of the turbine  9,150 kW 
Average Power of the auxiliary equipment 600 kW 
Gross Efficiency  24.7 % 
Net Efficiency 23.0 % 
 
Boiler 
The acuotubular biomass boiler has been designed, made and provided by the Danish company KEM, 
specialist in this type of equipment. It is designed specifically for the use of orujillo like fuel. In 
addition to orujillo, the boiler and the rest of plant components are prepared to use olive tree residues 
like auxiliary fuel. The boiler has the following basic characteristics: 
 
Fuel Consumption  3,850 t/h PCI/h 
Steam Generation  41,600 kg/h 
Pressure  42 bar (a) 
Steam Temperature 403 ºC 
Water fed temperature  105 ºC 
Efficiency  89.4 % 
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Steam turbogenerator  
The steam turbine is a multi-stage turbine with the following nominal characteristics: 
 
Electrical Power  9,150 kW 
Steam Input Pressure  41 bar (a) 
Steam Input Temperature 400 °C 
Steam nominal volume  41,600 kg/h 
Back pressure of escape 0.1 bar (a) 
Condenser temperature  45ºC 
 
Coolinfg System 
For the refrigeration of the condenser, it is used a cooling tower with two cells. The nominal 
characteristics are:  
 
Input Temperature   40ºC 
Output Temperature  30ºC 
Volume for cooling  1,150 or (2,300) m3/h  
Thermal power to dissipate 12,000 or (26,500) kWt  
Installed power capacity  90 or (2 x 90) kW  
 

 
 

Figure 17. Fuel storage, steam boiler, economiser, multicyclone, electrofilter and chimney of the 
Extragol plant.  

 
Oleícola El Tejar 
Location: Palenciana (Córdoba) 
Start-up: 1999 
Owner: Oleícola El Tejar 
Biomass: orujo 
Capacity: 5.7 MWe 
Consumption of biomass: 45,000 tons/year 
Power produced: 42,750 MWh/year 
Self-consumption of electricity: 4,275 MWh/year 
Boiler: San Carlos  

Type: parrilla 
Steam generated: 30 tons/year 
Pressure: 45 bar 
Temperature: 450ºC 

Steam turbine: Nadrowski 
Capacity: 5.7 MWe 
Condensing pressure: 0.2 bar 
Steam extraction: no 
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3,5 MWe. Property of Uniener S.A., located in Ocaña (Toledo) made by Uniarte and Sinae Energía y 
Medio Ambiente. Boiler from Kem. 
 
The process consists in a biomass fired steam generator using sawdust, wood and sahving as fuel to 
produce 15.5 tons/h steam at 35 bar, 450 ºC and fuel consumption of ~ 3.000 kg/h. 
 

 
Figure18. Uniener plant: boiler house with steam boiler, economiser and multicyclone. 
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Biomass plant consuming orujillo. Power capacity: 8 MWe. Located in Fuente de Piedra (Málaga).  
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Location: Lucena, Cordoba 
Start-up: 2000 
Owner: Hermanos Santamaria Muñoz S.L. (30%), and Siif energies (70%) 
Biomass: Orujillo 

Capacity: 1.7 MWe 
Biomass Consumption: 15,000 tons/year 
Power produced: 12,750 MWh/year 
Self-consumption of electricity: 1,275 MWh/year 

Boiler: Standarkessel  
Type: Parrilla 
Steam generated: 12 tons/h 
Pressure: 17 bar 
Temperature: 320ºC 

Steam turbine: Nadrowski/Prematécnia 
Capacity: 1,778 kWe 
Condensing pressure: 0.11 bar 
Consumption: 6.19 kg/kWh 
Steam extraction: no 

�
The investment was around 1000 Euro/kW.  
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Figure19. View of Hermanos Santamaría Plant 
 
 
Nijar (Almería) - Greenhouse Residues Treatment Plant.  
 
Description 
The project basically consists of a plant for energy recovery from agriculture greenhouse residues, 
manly the tomato plant, although there are also residues from watermelon, pepper and so on-via 
gasification and steam generation which feeds a steam turbo generator of approximately 1.800 kW.  
 
The plant iwas inaugurated in September of 2004, is the first of a serial of three identical proyects that 
will be located in the province of Almeria.  
  
Process 
The greenhouse residues arrive to the plant according the production in the zone, so the 50% of them 
arrive between the months from June to August, 25% between from January to March and the 25% and 
the last 25% the others six months.  The residues arrive with a moisture about 50-60%, while the 
moisture design to gasification process it was established in 10-15%.  When the residue is dry it is 
drive to a mill that reduce the size until 1 or 2 cm. After the material is driven to the gasifier, brand 
Chiptec, that it is an oven with a treatment capacity of 2.7 t/h of greenhouse residues. The gasification 
process needs a reducing atmosphere, which it is obtained with the air alimentation in the inferior part 
of the grill to be able to reach the suitable temperature of 750ºC. Later the gases are taken to the boiler 
where is produced steam reheated to 270ºC and 25 bar. This steam is fed a turbine where electrical 
energy to 6.3 kW is generated.  
 
The turbine has two steps, the first one works at back pressure (3.6 bar) and the second works at 
condensation (0.1 bar). The steam outlet in this step have an absolute pressure of 0.1 bar and 45ºC, for 
that reason it is necessary to condense it to give back the condensed ones to the boiler. 
 

Technical Specifications 

Biomass Type: Greenhouse Residues (Tomatoes, Watermelon and Pepper) 
Biomass Consumption: 21,600 t/year 
Main equipment:  Gasifer reactor, Boiler, Steam Turbine, Condenser 
Electrical output: 1,800 kW 
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Figure 20. Gasification Plant of Nijar, Almeria 

 
 
Biomass Heating Plant, in Zaragoza 
 
The biomass heating plant is located in a building of Zaragoza that use a biomass boiler of 172 kW. 
The system include a burner of 250 kW. The fuel used is almond shell and its consumption 40.000 
kg/year and is bought from local industries.  The full operation is 900 hours/year. The investment cost 
was 28.981 euros and the maintence cost 7.000 €/year. 
 
Bioenergía Santamaria 
 
Belongs to the same group as C.T: Hermanos Santamaria. This biomass electrical power plant located 
in Lucena (Córdoba) consumes orujillo. The plant uses also a natural gas tubine (14.3 MWe) with the 
exhaust gases used to generate extra steam in a combined cycle configuration with the biomass plant. 
The steam tubine capacity is 14.8 MWe. 
 
 
Biomass Heating Plant in Quesada (Jaen) 
 
The installation was built to supply heating and hot water production for two schools in Quesada 
(Jaén). The schools have three study centers of 400 m2 each, and share space with officies and the 
dinig room. The plant includes three boilers, one to the dining room of 296 kW, and two more of 174 
kW for the rest of the schools. The plant is divided in two independ installations with subterranean 
silos of 5.000 kg each.  It is supplied with olive oil residues from the local industries.  The full power 
operation in the year is 1.047 hours. The annual consumption of biofuel is 145 tons. The total 
investment cost was 21.050 euros and the total operation costs of each installation is 6.320 euros.   
 
 
Dictrict Heating of Cuellar (Segovia) 
 
Cuellar is a municipality of 30,000 inhabitants and 16,000 hectares of forest mass. This raw material 
has been converted since 1968 into the supply source for a district heating system, equipped with two 
boilers, one 5,200 kwh boilers for winter use and another 700 kwh one to provide heating and hot 
water in summer to 239 dwellings, a sports centre, a heated swimming pool, a school and a cultural 
centre. The annual consumption is 2,800 mt of forest residue permitting the substitution of more than 
750,000 litres of heating fuel per year. 
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Industrias Losan 
 
Industrias Losan has two factories in Talosa (Soria) and Pinasa (Cuenca) both with a biomass power 
plant of 4 MW each one. The biomass plant owner is Acciona Energía. 
These plantas are fuelled byforestry biomass and wood dust from timber plank sanding at Tableros de 
Losan, S.A. The system consist of: a water tube boiler with a double moveable grate and dust burner; a 
biomass feeding system with 4 hydraulic pistons (on a lath framework) and a Redler type double chain 
transporter; a dust and waste extraction system; a double cycle and filter bag system; an 11 stage steam 
turbine to the condensor; an alternator with 4.2 MW of installed capacity and a control room. 
 
Bodegas Eminia (San Bernardo) 
 
This is a new wine tourism complex constructed by Bodegas Emina in the heart of the Ribera de Duero 
area. A 200 kW power biomass boiler is installed that uses the material from pruning the vines at the 
winery as fuel, as well as the remains of wood packaging to heat the 10,000 square meters that make 
up this complex. 
 
Mixed Installation of Solar Energy, biomass and natural gas in the Sports Centre at El Ejido (Leon) 
 
This is an example of service complex served by solar energy and biomas. Gymnasium, 
heated swimming pools, sauna, climbing area, shooting area. Solar panel for heating the 
swimming pool and ACS (200 m2), two biomass boiler (150 kWt each one). Estimated 
consumption of 1,700 MWh/year, 61% coming from biomass and 11% from solar and the rest 
from gas. 

As Somozas 

Location: As Somozas (La Coruña). Owner: 90% Iberdrola, 10% municipality. Capacity: 7.7 
MWe Biomass: forestry residues. Start-up in 2008. 

Allariz 

Location: Allariz (Orense). The first biomass power plant in Galicia (1998). 2.35 MWe. 

Geolit 

Geolit is the name of the Science and Technology park devoted to the olive industry in Jaén. 
This park use a District Heating and Cooling network to provide air conditioning to all the park 
buildings. The heat will be provided by two biomass boilers with a total capacity of 6,000 kW. 
The cooling capacity using absorption chillers will be of 4,000 kW. The project was presented 
in setember 2006 by the main promoter Valoriza (Sacyr Vallehermoso group). 

MOVIALSA 

A gasification plant of orujo is under construction in Movialsa, located in Campo de Criptana 
(Ciudad Real). The plant will be in service at December 2007 with a capacity of 5.9 MWe. 
The consumption of biomass will be of 4000 kg/h. The gasification plant is supplied by 
EQTEC (Granollers, Barcelona). 
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3.2 – Biofuel plants 

Abengoa Bioenergía is the first producer of fuel bioethanol in Europe [5]. Current operations include 
two cereal-based bioethanol plants in Spain, Ecocarburantes Españoles and Bioetanol Galicia, with an 
installed capacity of 150 and 170 million liters annually, respectively. In partnership with Ebro Puleva, 
Biocarburantes de Castilla y Leon S.A., Abengoa Bioenergia is developing a third plan in Salamanca 
with a capacity of 200 million liters annually, of which 5 million liters is derived from the conversion 
of biomass from cereal crops by means of a new technology being developed by Abengoa Bioenergy 
R&D. 
In addition, Abengoa Energia's business plan calls for construction of two new cereal-based bioethanol 
plants in Europe. Following the recent guidelines approved in the European Directives for the 
Promotion and Taxation of Biofuels, these plants will be built in those countries where the demand and 
legal framework make it possible to quickly and effectively initiate bioethanol production. Feasibility 
studies and collaboration agreements with local partners are now being developed for both facilities. 
 
In this section the most relevant biofuel plants will be briefly described. 
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Repsol Petróleo, S.A. 
The oil refinery of Repsol Petróleo, S.A. in Tarragona (Catalonia) produces 44,8 ktoe of ETBE coming 
from ethanol produced with vegetal oil. Of this amount, 23,6 ktoe are consumed in Catalonia. The 
ETBE is mixed with gasoline in a proportion of 5-15% to increase the octane index and replace the use 
of additive with plumb. 
 
Stocks del Vallès, S. A. 
Biodiesel plant located in Montmeló (Catalonia) using recycled vegetal oil with a production of 6.000 
tons/year with the possibility to increase the production to 18.000 tons/year in the future. The plant 
was disigned to operate 24 hours per day during 330 in the year.  Operation started in 2002. Other 
subproducts are obtained, such as, glycerine (500 tons/year) and Potassium based fertilisers (100 
tons/year). The investment cost is 3,606,000 Euros. The biodiesel is commercialised with the name 
BDP 30 because it contains a 30% of biodiesel. The owners of the plant are Eficiència Energètica –
filial of Institut Català d’Energia-, BDI Anlagenbau GmbH and CAVISA. Stocks del Vallès S.A. 
financed the plant totally. 
 
 

 
Figure 21. Different views of Stocks del Vallés, S.A plant.  

 
Bionet Europa, S. A.  
 
Biodiesel plant located in Reus (Catalonia) can produce 4,000 tons/month with an annual capacity of 
50,500 tons of biodiesel using recycled vegetal oil. Also 3,200 tons/year of Glycerine are obtained as a 
useful subproduct. In operation since 2004. The investment cost was 16 millions Euros. The owners 
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are Institut Català de la Energía de la Generalitat (ICAEN) (10%), IDAE (25%), Reciclaje de Aceites i 
Grasas S.L. (55%)  and AT Agar Technik (10%). 
 
Bionet10 is the resulting product of the mixture, of a 10% of biodiesel with the fossil gasoil. It is a 
biofuel apt for all the diesel engines and allows the combined use with any gasoil without 
modifications. 
 
Process: The plant count with two types of oil, low acidity and high acidity, for that reason the 
trasformation in biofuels must have two differentiated two basic processes: Esterification for oils of 
high acidity and transesterification for olis of low acidity.  
 
The esterification process takes control of a treatment of sulfuric acid mixture with methanol. The 
result is a metil-ester (biodiesel), but of bad quality, reason why it is introduced in the line of 
transesterification, along with vegetal oils to improve the process. In the transesterification, the vegetal 
oils are treated with a potassium hydroxide solution in metanol. The result is the Biodiesel (metil-
ester). The products of the transesterification reaction are metil-ester and glycerin, reason why the 
process is completed with the separation by product sedimentation and later with the stages of cleaning 
and drying. Potassium sulphate appears as a result of the recovery of the potassium hydroxide by 
means of the sulfuric acid addition. 
 
 

 
 

Figure 22. Bionet Europa Plant. (Source: Reagra) 
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Ecocarburantes Españoles - Cartagena (Murcia) 
 
Plant of bioethanol of Abengoa Bioenergy. The plant is located in Escombreras Harbor in Cartagena 
city, in the Murcia region of southeast Spain. It was constructed in 1999, and produces 100 million 
liters (26 million gallons) of ethanol, along with 130,000 tons of Dried Distillers Grain, and 78,000 
tons of food-grade CO2 annually. In the year 2000, a wine alcohol distillation plant was added with an 
annual capacity of 50 million liters to allow for the upgrading of waste from winery processing. The 
Ecocarburantes facility employs 81 people in such areas as maintenance, operations, material handling, 
engineering, logistics and marketing, and also includes part of the administration of the Abengoa 
Bioenergy Business Group. 
 
The consumption of cereal (barley or wheat) has a capacity of 300.000 tons/year. The plant owners are 
Abengoa Bioenergy (90%) and IDAE (5%), and the investment was 70 million Euros.  
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Figure 23. View of the bioethanol plant in Cartagena [5]. 
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Bioetanol Galicia - La Coruña (Galicia) 
Production of 100.800 tons of bioethanol per year (around 65 ktoe) using cereals (wheat and barley) 
wtih a consumption of 340,000 tons/year. In service since 2002. Belongs to Abengoa Bioenergy. 
The plant is located in the northwest of Spain, in Teixeiro-Curtis, near A Coruña, in Galicia. It was constructed 
in 2001, and produces 126 million liters (33 million gallons) of fuel ethanol, along with 96,000 tons of Dried 
Distillers Grain, and 98,000 tons of food-grade CO2 annually. In the year 2003, a wine alcohol distillation plant 
was added with an annual capacity of 50 million liters to allow for the upgrading of waste from winery 
processing. The Bioetanol Galicia facility employs 65 people. The investors are Abengoa (90%) and XesGalicia 
(10%).  
Process  
The process consists of converting the starch contained in the grain into fermentable sugars, by first 
dry-milling the grain, followed by a simultaneous saccharification and fermentation (SSF) process, 
carried out in the fermenting vats. 
The liquid obtained from the saccharification and fermentation of the milled grain is distilled to obtain 
bioethanol. The grain is distilled in cascade in order to make maximum use of the plant´s waste heat. 
Once distilled, the liquid free of ethanol is processed to produce DDGS (Distilled Dried Grains and 
Solubles). This by-product has a 32% protein content and is used in livestock feed. The Bioetanol 
Galicia plant has a capacity to produce 120,000 t/year of DDGS. 
The production facility is equipped with a cogeneration plant, comprising a 24.8-MW gas turbine and 
a heat-recovery steam generator, that raises 45 t/h of steam at 12 bar (g), sufficient to fully meet the 
processing requirements. The CHP plant also produces approximately 200 million kWh/year of 
electricity, of which around 30% is sufficient to meet the power demand of the production facility. The 
rest is exported to the grid. 
 
Bioethanol production process 
Grain Receiving and Storage 
The system is designed for a railroad-car unloading capacity of 150 t/h and a truck unloading capacity 
of 2 x 150 t/h. The grain brought in by train is unloaded into a 150-m hopper, while the trucks are 
unloaded into two 100-m3 hoppers. The grain unloaded from each of the hoppers is sent by means of a 
150 t/h chain conveyor and two bucket elevators to the pre-cleaning system. 
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Pre-cleaning and storage 
The pre-cleaning station has a capacity of 300 t/h and operates non-stop. It includes a grain-powder 
suctioning system of a capacity of 240 m3/min. The station prevents the passage of stones larger than 
the size of a wheat grain. After cleaning, the grain is sent to storage silos, by means of bucket elevators 
of a 150 t/h capacity and two conveyor belts. The grain-storage facility consists basically of six metal 
silos of a total capacity of 45,500 t of grain of a density of 0.75 t/m3 +6% compaction. The dimensions 
of each silo are: 24.44-m diameter, 18.24-cylindrical height and 25.31-m total height. 
 
Grain milling 
The grain is transferred from the silos to two daily silos of a volume of 540 m3 each. The clean grain is 
transferred to a buffer tank, from where it sent to the scales. It is then dropped into the hammer mills. 
The resulting 0.5-mm grain meal is sent to the blending section via a chain conveyor of a 55 t/h 
capacity. A 363-m3 (91-t) capacity raised silo is installed to store the grain powder. The powder is 
loaded onto trucks in an enclosed area so as to limit insofar as possible the release of dust into the air. 
The grain handling, cleaning and milling facility was designed and supplied by Bühler. 
 
Dehydrated alcohol plant 
Starch conversion 
The meal is continually pre-blended with the processing water in a spiral stirrer. Ammonia hydroxide 
is added to the mixture to function as a nutrient and pH regulator. The mixture is pumped continually 
through a pipeline in which the temperature is raised to 125º C (jet cooking). 
The grain mash is decompressed in a liquefying tank, into which enzymes are added. At the tank outlet 
the mash is cooled down to the fermentation temperature, approximately 35º C.  
 
Simultaneous Saccharification and Fermenting (SSF) 
The fermenting and saccharification processes occur simultaneously in the fermenting tank by means 
of the saccharifcation enzyme (glucoamilase), an operation that takes place at a pH of between 3.5 - 
4.5 and a temperature of 30 to 35º C. 
Once the mash is fermented, it is transferred to the distilling unit. While this load is fermented, another 
tank is filled, a third undergoes CIP cleaning and in the fourth a new fermenting process is completed. 
The carbon dioxide produced during fermentation can be released into the atmosphere or marketed as a 
by-product, once duly treated. 

Distilling 
The distilling system is designed to produce a 92.5% combustible bio-alcohol from fermented grain 
mash. For that purpose, the system is arranged in four main columns: two mash columns, one 
aldehyde-extraction column and one rectifying column. 
The remaining liquid, free of alcohol, is drawn off from the bottom of the rectifying column. Part of 
this liquid is employed to heat the second stage of the evaporator (heat exchanger) and the rest is 
blended with the watery meal from the mixing tank, before cooking. 
 
Dehydration, Denaturation and Storage 
A molecular sieve, made of zeolite is fitted for the dehydration processing equipment. The dehydration 
unit comprises two parallel towers. While the first tower dries the alcohol by means of overpressure, 
the second is regenerated by means a vacuum. After a time, the supply is diverted from the first to the 
second tower. The complete absorption/regeneration cycle takes 10 minutes and the transfer from one 
tower to the other is fully automatic. The alcohol is extracted from the molecular sieve tower 99.75% 
dehydrated in the form of vapour and is condensed by means of two condensers. It is then stored in the 
daily tanks. Given that all the alcohol to be released must be denatured, a denaturing system is 
installed on line in the storage tanks. This reduces the initial investment and operating costs. The 
alcohol storage facility comprises three dehydrated alcohol tanks (3 x 2500 m3), one alcohol tank of 
equal capacity and a 30-m3 denaturant tank. 
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Cleaning in place 
To control the growth of unwanted organisms that could reduce the yield or produce unintended 
fermented by-products, correct cleaning is essential. The system circulates a solution of hot caustic 
soda and special germ killers through all the pipelines, pumps and tanks in the fermenting system. 
Subsequently all the equipment is rinsed to eliminate the cleaning solution. 
 
Liquid elimination 
The liquid produced in the distilling process is pumped to the storage tank where it is pumped to the 
centrifugal separators, supplied by Flottweg. Most of the solids in suspension are separated in 
centrifuges. The clear liquid, with a small amount of solid matter (the liquid phase of the centrifuging 
process) is collected in the storage tanks. 
 
Evaporator 
Part of the clear liquid can be recycled by adding it back at the starch conversion stage in function of 
the process requirements. The portion of the liquid released by the separators that is not recycled is 
evaporated by means of an evaporator, supplied by Dedert, to form a thick syrup. The evaporator is of 
the multi-effect type, supplied by the process flash steam and a small amount of fresh steam. 
 
Dryers 
The moist cake-like solid matter released by the centrifuges is mixed with the syrup produced by the 
evaporator to form a homogenous mixture. It is then sent to the dryers. The dryers are heated by the 
gas-turbine gases introduced upstream, after going through the steam generator at a temperature below 
400º C. 
The rotating-drum dryers have an evaporating capacity of 30 t/h of water. They incorporate three-stage 
technology, which is excellent for even drying at a low fire risk. 
 
DDGS pelletising, storage and dispatch  
The DDGS meal produced by the dryers is hard to handle and complicated to store. Therefore it is 
difficult to market and the selling price is low or nil. Therefore, after leaving the dryers, it is formed 
into pellets.   
 
 

 
 

Figure 24. View of the bioethanol plant in Galicia. 
 
 
Alava (País Vasco) 
 
Biodiesel plant with an installed capacity of 20,000 tons/year, that works with recycled vegetable oil. 
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Biocarburantes Castilla y León - Salamanca (Castilla y León) 
Bioethanol plant of Abengoa Bioenergy. During the last month of October 2003, Abengoa Bioenergy 
started the construction of its third plant in Europe. This new facility will be located at Babilafuente, 
Salamanca (Spain) and designed to produce 200 million liters (52.8 million gallons) of fuel-grade 
ethanol (FGE) per year. The plant will use barley as feedstock for 87,5% of production and European 
wine alcohol as feedstock for 12.5% of production. The production of coproducts will be 656 t/day of 
Distillers Dried Grains, 416 t/day of CO2 for industrial use. And it will generate an electric production 
of 200,000 MWh. The plant has two consumptions of organic material, Cereal (barley or wheat) with a 
capacity of 585.000 tons/year and biomass with a capacity consumption of 60,000 tons/year. 
 
This bioetanol plant produces more than 3,000 employments (103 in the plant, 700 indirect and 2.500 
in the agriculture). The owners are AbengoaBioenergy (50%) and Ebro Puleva (50%). 
The economic investment will be financed partly with funds of the Junta de Castilla y León through 
the Agrarian Technological Institute, the society of capital-risk Sodical and the Regional Entity of the 
Energy of Castile and León. The total investmet will be 150 million Euros.  
 
 
 

 
 

Figure 25. View of the bioethanol plant in Salamanca (Source: Abengoa). 
 
Benavente (Castilla y León) 
Bioethanol plant is located in Barcial de Barco, Zamora, with a production of 100,000 tons/year in 
service during 2005 using cereals, mainly cane of corn and cereal straw with a consumption of 300,000 
tons/year.  The economic investment is 100 millions of Euros with a creation of 300 jobs. The 
investment will be financed by La Junta de Castilla y León, the Agrarian Technological Institute, the 
society of capital and risk Sodical and the Regional Agency of the Energy of Castilla-León. The 
istallation will also count with a cogeneration plant to self-consumption and another plant to o pick up 
the cereals. The owners are Ecoteo and the Junta de Castilla y León.  
 
Alcalá de Henares (Madrid) 
The plant use recycled vegetable oil to produce Biodiesel and began to work in 2003. The plant was 
financed totally by IDAE and the investment was 5.1 million euros and counted with the collacoration 
of the Complutensian University of Madrid and the City council of Alcalá de Henares. Its capacity of 
production in the phase of development is of the order of 1,000 tons/year of biodiesel. In the industrial 
exploitation phase, the capacity would oscillate between 4,000 - 5,000 tons/year. Other products would 
be obtained additionally, like the Glycerin to 88% of purity that is used in the industry of fertilizers 
and fats. 
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Figure 26. View of Biodiesel Alcalá de Hemares plant. 
 

3.3 - Biogas plants  
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Tractaments de Juneda, S.A. (TRACJUSA) 
 
Since 2001, it is operating in Juneda (Les Garrigues, Catalonia) pig slurry waste-to-energy plant to 
treat this animal waste produced on the farms in the area producing biogas consumed in a cogeneration 
plant. The treatment capacity is 110,000 tons/year of pig slurry and a reciprocating engine 
cogeneration plant with an installed capacity 16.3 MWe of which 1.3 MWe are from biogas. The 
production of biogas is 10.900 MWh and the electricity of production is 119,900 MWh considering 
8,000 h/year of operation. The theoretical production of biogas is 27.5 m3 per ton of treated pig slurry 
(3,025,000 m3/year) with a 65% of methane. This plant uses a proprietary process design called 
Valpuren. The two digesters have a total volume of 6,000 m3, 3,000 m3 each one. The Juneda plant 
was built with an investment of 18 million Euros. 
 
The CHP plant installed is designed to meet the heat and electricity requirements of all of the slurry-treatment 
processes. The excess electricity generated is exported to the grid, thereby contributing to the financial 
feasibility of the project. 
 
Six Jenbacher model JMS 620 GS-N. L gas engines, each of a 2,740 kWe output, are installed. The 
fuel employed is natural gas combined with the biogas produced in the slurry digestion process. The 
engines are rated for natural gas with only one difference: To accommodate the addition of a 
maximum of 10% of biogas to the natural gas, a main gas ramp of 80-200 mbar was installed for each 
engine, instead of the 3 bar ramp generally used for 100% natural gas. 
 
The exhaust gas from the six engines is sent to a single-pass fire-tube boiler, capable of raising 10,000 
kg/h of 6-bar steam. The processing steam demand, in normal operation, is 4,670 kg/h. The water from 
the engine high pressure cooling circuit is used to supply heat to the evaporator and to maintain the 
required temperature in the digesters. The waste heat in the low-pressure water circuit is dissipated in 
the cooling towers. These towers, as well as the water treatment plant, the biogas tank and the natural 
gas regulating and metering station are situated in an independent area, connected to the rest of the 
plant through a pipeline rack. 
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Ecoenergia de Can Mata, Aie is a conformed society for CESPA GR, ENDENSA Cogeneración y 
Renovables and EIFIENSA. The Can Mata landfill is located in Hostalets de Pierola (Anoia, 
Catalonia). The owners are Cespa (70%), Ecyr –filial company of Endesa- (25%) and Efiensa (5%). 
The maximum capacity of the landfill is 3,000 tons/day including municipal and industrial residues. 
The electrical power is 1,050 kW. The operation started in January 2001. The expected annual 
electricity production is 8,000 MWh/year with an associated primary energy saving of 2,500 toe/year. 
It is foreseen to increase the installed capacity up to 2 MWe. The total investment was 961,619 Euros. 
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The plant is located in Vall d’en Joan, El Garraf (Barcelone). The biogas extracted of the deposit of of 
urban Solid Waste is used as fuel in the plant that have twelve engines-generators plus one that 
already exists, with a total power output of 13 MW. The landfilll in Vall d‘en Joan is one of the bigest 
landfills in Spain that nowadays have 22 million ton of waste and exists since 2000. The capacity of 
the installation is 500m3/h and their main purpose is to provide electrical energy to the plant of 
leached of the own landfill and that works connectionless to the grid. 
 
Other landfills with recovery of biogas are given in table 14. 
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Table 14 – Landfills with biogas recovery in Catalonia. 

 

Plant Location Owner Capacity (kWe) 

Vertedero del Garraf Gava ECYR and Envirogas 12,444 

Vertedero de Vacarisses Vacarisses Coll Cardus Gas, S. L. 5,712 

Planta de biometanización 
Form 

Terrasa Cespa y Adasa Sistemas, 
S. A. 

1,250 

Cespa - Santa Maria de 
Palau Tordera 

Santa Maria de Palau 
Tordera 

Cespa 1,064 

Can Mata  Els Hostalets de Pierola Ecoenergia de can Mata 
A.I.E. 

1,050 
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The Ecoparc facilities are mainly used to the treatment of organic waste of municipal origin. The 
organic waste undergoes a methanisation process to generate biogas used in engines to produce 
electricity and heat. There are three Ecoparc facilities in diferent locations: 
 
Eocparc I – Ecoparc de Barcelona, S.A. in Barcelona 
Ecoparc II – Ecoparc del Besos, S. A. in Montcada i reixach (Barcelona) 
Ecoparc III – Ecoparc del Mediterrani, S. A. in Sant Adrià del Besos (Barcelona) 
 
The plant Ecoparc I started to operate in August 2001. The main plant characteristics are: 
 

- Organic waste treatment capacity: 325,000 tons/year 
- Digesters capacity: 90,000 tons/year 
- Power capacity: 5.24 MWe 
- Production of biogas: 14 millions m3/year 
- Power production: 22 millions kWh/year 
- Investment cost: 48,25 millions Euros 

 
 

 
Figure 28. Installations of ECOPARC  
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This sewage water preatment plant uses three Capstone micro gas turbines of 65 kW each one running 
with the biogas generated in the plant. It is the first plant of its kind in Spain operating with the micro 
gas turbine technology and among the first installations in Europe. It is in service since February 2007. 
 
In Catalonia some waste water treatment plants use biogas from the anaerobic digestion process to 
produce electricity and heating for their own process. Table 15 presents a list of these plants. 

 
Table 15 – Waste water treatment plants in Catalonia with recovery of biogas. 

 

Plant Location Owner Capacity (kWe) 

EDAR San Feliu Sant feliu de llobregat Empresa metropolitana de 
Sanejament, S. A. 642 

Edar Sabadell – Riu Ripoll Sabadell Servicios y Procesos 
Ambientales, S. A. 640 

Emssa-Gava Gavà-Viladecans Empresa metropolitana de 
Sanejament, S. A. 

450 

Aigües de Lleida Lleida Municipality of Lleida 240 

EDAR Manresa Manresa Aigües de Manresa 240 

 
Rest of Spain 
Next the most relevant biogas plants using biogas from digesters or landfills in the rest of Spain are 
mentioned.  
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Several plants: 
 
Aldaba of 8 MWe. treatment of 135,000 tons/year of urban residues 
 
Nostián. 
This Planta consists have three modules: Plant of Triage and Classification, Plant of Treatment of the 
Organic Material. Auxiliary facilities (Deposit of Rejections and Power Production). The plant began 
to work in November of 1999 with the treatment of the inorganic fraction and in September of 2000 
for the organic fraction. They are 180,000 m2 dedicated to the integral management of the residues in 
which they have been reversed more than 42 million.  
Its capacity of treatment is 220,000 tons/year. Today already it treats near 185,000 tons, of wich 
100,000 are from organic residues. It offers direct owrk to 150 people and indirect to other 230. 
The biogas produced in the anaerobic digestion process is use as fuel int the energetic central. Biogás 
is extracted of the digestores and send to a gasometre, deposit whose function is to regulate the flow of 
feeding of the power station. Their five motors add an installed power of 6 MW and has a capacity 
production of 55 GWh/year from 26,100 tons/year of methane with a 60-70% of purity. 
 
Biocerceda  - 2,27 MWe. 
 
Conservas Calvo - 50 kWe 
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Vertedero de Bens, landfill  
 
In the Old Urban Residues Landfill, the concessionary company has financed the installation of a 
cogeneration plant for the production of electrical energy, sanitary hot water and heating from the 
residual production of biogás from 40 to 50 % of purity in methane coming from the sealed one of this 
landfill, by means of 4 engines with 2,500 kW of installed power that allow a production of energy of 
19.3 GWh/year. The forecasts indicate that in the first five years they are to total yield the 4 engines, 
with a volume of biogás of 1,500 m3/hour, to follow with three motors the four following years and to 
finish with two the three last years with a volume biogas of 400 m3/hour.  
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Biogas y Energía S.A. 
 
The process is based on the anaerobic fermentation of the alperujo carried out by bacteria, these 
bacteria produce significant quantities of methane int he digestion. The biogas obtained in the 
gasification process will be use in a group of gas engines to produce energy. The exhaust gas, together 
with hot water are used in the different processes, such as heat generation, drying, etc.  
The biogas is obtained by means of different transformations of the alperujo. The waste is 
homogenized in three tanks, afterwards, the product is moved to the anaerobic digestion reactors, 
where the biogas is produced. 
 

 
 

Figure 29. Biogas y Energía plant Diagram. Source: AGENER  
 
Plant main data: 
 
Location: Puente Génave (Andalucía) 
Start-up: 2002 
Owner: Sinae Energía y Medio Ambiente. 
Biomass: Orujo (65% moisture) 

Capacity: 5 MWe 
Biomass consumption: 100,000 tons/year 
Power produced: 37,500 MWh/year 
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Digester: Felguera – I.H.I. S.A. 
Capacity: 3,000 m3 
Digester temperature: 55ºC 
Number of digesters: 2 

Engine: Jenbacher 
Power: 1.036 kWe 
Number of engines: 5 

 

 
Figure 30. Biogas y Energia Pilot Plant. (Source: Agener) 

4 - Raw materials / biomass resources for bioenergy application in the region 
The objective of this section is to offer an overview on the biomass resources available for energetic 
utilisation in the Catalonian region. 
The area of Catalunya, 32.090 km2, is divided according to different activities as shown in 
figure 31. The 37,1 % of the total area are dens forestry; that is an area of around 1.220.000 
ha according to the available data of 1993. The density of the forest area is cleraly shown in 
figure 32. 
 
 

 
 

Figure 31. Division of the region according to the use of the soil (Vayreda, 2004) 
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Figure 32. Forest area in percentage by municipality limits (Vayreda, 2004). 
 
In 2001, the property of forest was 19% public and 81% private. The division of the private 
forest according to their size is shown in table 16. 
The price of wood in 2001 was about 43,6 Euros per ton, and 21,6 Euros per ton as triturated wood. 
 
The annual balance for the forest biomass in Catalonia is the following: 
 

Biomass Growth = 3.000.000 tons/year (100%) 
Biomass Fired (with benefit?) = 600.000 tons/year (21%) 
Used Biomass = 500.000 tons/year (16%) 

 
Net balance = 1.900.000 tons/year (62%) 

 
As shown in figures 33 and 34, the balance is not uniform throughout the territory. 
 

Table 16 – Division of the private forest according to their size (Vayreda, 2004). 
 

 Absolute values Percentage 
 Number of 

properties Area (ha) Number of 
properties Area (ha) 

< 25 ha 41.115 163.837 83 16 
> 25 ha 8.452 838.677 17 84 
Total 49.567 1.002.514 100 100 
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Table 17 – Losses due to forest fires that could be used (Vayreda,2004). 
 

 Forest area affected Wood volume Wood volume + skin Biomass  

Year Ha m3 m3 tons + 20% 

1993 3.328 156.409 223.530 152.999 

1994 62.575 2.940.890 4.202.938 2.876.773 

1995 2.202 103.489 147.900 101.233 

1996 531 24.956 35.665 24.412 

1997 625 29.374 41.979 28.733 

1998 13.714 644.528 921.120 630.477 

1999 486 22.841 32.643 22.343 

2000 2.584 121.442 173.558 118.795 

2001 993 46.669 66.696 45.651 

2002 951 44.695 63.875 43.721 
 
 
 
 
 
 

 
Figure 33. Annual balance of forest biomass in Catalonia in different areas [3] 
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Figure 34. Annual balance in volume (m3/year) by municipality. From dark green (high growth) to dark red (low growth), 
grey indicates no dens forest (Vayreda, 2004). 
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2. Annex 1: Overview on Bioenergy facilities in the Catalonian region 

Plant details 

Biomass details 
Plant type Name of 

facility 
Overall concept with 
special reference to 
urban situation (e.g. 

ecological, economic, 
social aspects) 

Start of 
operation 

(year) 

Type Size, heat and 
power output 

Further 
details  

Type Source  Supplier / 
logistics 

Further comments, 
problems / positive effects 
with special reference to 

urban situation 

a)          

b)          Pellet/woo
d-chip 
heating on 
a 
household 
level) 

¼ .          

Molins 
Energia, S. L. 

Heating and Domestic 
Hot Water distribution 
network from biomass 

2001  
2,250 kW of 
heating 

 

pine fruits, 
fruit shells 
and wood 
waste 

  
Network length (supply and 
return): 4.734 m 

b)          

Heating plants 
(communal 
level)  

¼¼           

CHP 
plants 

Energia 
Natural de 
Mora, S. L. 

Integrated biomass 
gasification power plant 

1997 
enlarged in 
2001 

 750 kWe  
almond 
shells 

  
plans to adapt the gasifier to 
other types of biomass, either 
from natural or waste sources 

 
          

TRACJUSA pig slurry waste-to-
energy plant 

2001  16.3 MWe 
 

Pig slurry   
This plant uses a proprietary 
process design called 
Valpuren. 

Can Mata Landfill 2001  1,050 kWe      

Vertedero del 
Garraf 

Landfill   12,444 kWe 
     

 
Biogas plants 
and gas 
processing  

Vertedero de 
Vacarisses 

Landfill   5,712 kWe 
     



 
E �

Planta de 
biometanizac
ión Form 

Landfill   1,250 kWe 
     

Cespa - Santa 
Maria de 
Palau 
Tordera 

Landfill   1,064 kWe 

     

 

San Feliu Waste water treatment 
plant 

  642 kWe      

 Sabadell-Riu 
Ripoll 

Waste water treatment 
plant   640 kWe      

 Emssa-Gava Waste water treatment 
plant   450 kWe      

 Aigües de 
Lleida 

Waste water treatment 
plant 

  240 kWe      

 Manresa Waste water treatment 
plant 

  240 kWe      

           

Biofuel 
facilities (oil 
press, oil 
conversion) 

Repsol 
Petróleo, 
S.A. 

Production of ETBE 
ETBE coming from 
ethanol produced with 
vegetal oil 

  
44,8 ktoe of 
ETBE 

 

ethanol 
produced 
with vegetal 
oil 

  

The ETBE is mixed with 
gasoline in a proportion of 5-
15% to increase the octane index 
and replace the use of additive 
with plumb 

 Stocks del 
Vallès, S. A. 

Biodiesel plant using 
recycled oil 2002  

6,000 tons/year 
of biodiesel  Recycled oil   

The biodiesel is commercialised 
with the name BDP 30 because 
it contains a 30% of biodiesel 

 Bionet 
Europa, S. A. 

Biodiesel plant using 
recycled oil 

2004  50,500 tons/year  Recycled oil    

Others 
¼ .          
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