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Abstract 

This paper analyzes the energy system of the autonomous community of the Basque Country. 
The aim of study is to analyze the current situation in the energy field of the autonomous 
community of the Basque Country, which is a region of the north of Spain with a problem of 
energy dependency. 95% of the energy consumed in the region comes from out the borders, 
which is among the highest rates of the European Union. 

Therefore, based on gathered information an energy survey of the region has been made, to 
understand the in and outs of the system, to know which are the energy flows of the region. In 
2007 the energy available for gross inland consumption was 7 774 ktoe, where 40.6% comes 
from petroleum and 39.2% from natural gas. In other words, it is a system characterized by a 
high consumption of fossil fuels. 

Renewable energy plays an important role in every future energy scenario of every country, 
also in the Basque energy system. Hence current situation is analyzed to get a general idea of 
the situation of them in the system. Renewable energy is only 5.1% of the energy available for 
gross inland consumption and thus there is still a lot of work to do with it. 

Waste treatment has been analyzed as the key for comfort in modern society, but also a 
problem that every region has to face. The amounts of waste generated in 2005 was 1 165 799 
tones, which is the equivalent of 545.6 kg per capita and it is increasing every year. 

The waste treatment facilities are now in a crossroad in the region and it is there where the 
proposal takes place. Landfilling is not an affordable option in a small region with high 
population density like the autonomous community of the Basque Country. As waste can be 
used as a fuel in power plants, why do not take advantage of both problems? Then, two new 
incineration plants like the one that already exist in the region are proposed. The new 
installations will replace 88 000 toe per year of primary energy and reduce the emissions of 
CO2 to the atmosphere 880 000 t per year. 

The conclusion that could be drawn from this study is that the proposal is not going to give an 
answer to all the problems of the energy system, but it will be clearly a good step forward. It 
will solve at the same time the problem of energy dependency, reducing it to 93.47%, and the 
problem of waste treatment facilities. 
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1 Introduction 

This chapter gives an introduction to the issue of this thesis. Firstly, a background in the energy field 

in the world and the problems that is facing are explained. After that, some main data of the 

autonomous community of the Basque Country will be presented and how the energy problem 

affects this region.  

1.1 Back ground in the energy field 

Nowadays the world’s energy field is in a difficult situation. The energy system is based on fossil 
fuels, wich are one of the biggest contributors to the climate change. This way of supplying and 
consuming energy is unsustainable from the economical, social and environmental point of view. The 
challenge is to secure the supply in a safe, liable and affordable way. It is needed to change from a 
fossil fuels based energy system into one that has low carbon emissions, being respectful and 
efficient to the environment. 

Oil is one of the bases of the energy system of the world and according to the International Energy 
Agency is going to be like this for many years. The oil price has risen expectacurly for last years, see 
Figure 1. However, world oil reserves has been doubled since 1980 and they are enough for more 
than 40 years at the same energy comsumption ratio. [1] The society and the institutions must to be 
aware oil is a finite resource. 

 

Figure 1. Evolution of the price of oil. Source: Modified from Ente Vasco de la Energía [2] 

World primary energy demand will grow each year at an average of 1.6% between 2006-2030; it 
means that energy demand will rise from 11 7300 milions of equivalents tones of petrol to 17 010 
milions, which represent a 45%. [1] India and China will play a significant role in this scenarios, where 
75% of the increase expected for carbon dioxide emissions is coming from those countries. [1] 
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It is also true that there is a big public awareness about climate change and therefore great social 
pressure to politicians and institutions. Hence the energy sector must adopt measures to increase 
energy efficiency and the use of renewable energies.  

1.2 Autonomous community of the Basque Country 

1.2.1 General features 

The autonomous community of the Basque Country is situated in the northern part of Spain, next to 
the border to France facing the Atlantic Ocean. It is formed by three provinces: Araba, Bizkaia and 
Gipuzkoa. 

 

Figure 2. Situation of the Autonomous 
community of the Basque Country in Europe. 

Source: [2] 

 

Figure 3. Map of the Autonomous community 
of the Basque Country. Source: [2] 

The autonomous community of the Basque Country in figure keys: 

Table 1. Autonomous community of the Basque Country in numbers [2] 

 Capital Territory (km2) Inhabitants 
Density 

(hab./km2) 

Gipuzkoa Donostia-San Sebastian 1.909 700.392 367 
Bizkaia Bilbao 2.217 1.146.421 517 
Araba Vitoria-Gasteiz 2.963 309.635 105 

Autonomous 
community of the 
Basque Country 

Vitoria-Gasteiz 7.089 2.156.448 304 

Therefore, it is a territory with high population density1, and no so many energy resources as it is 
going to be shown in this paper. 

                                                            

1 Northern Europe and Southern Europe has a population density of 57.2 and 112.5 respectively by 2000 [3] 



 1. Introduction 

 

3 

 

1.2.2 General energy problem 

The energy problem in the autonomous community of the Basque Country therefore is the lack of 
resources in a country with high population density. 

It has to be noticed that this region has an external energy dependency of 95%, which is among the 
highest rates of the European countries (EU 272) as it can be seen in Figure 4. The energy self 
sufficient rate of the autonomous community of the Basque Country is low; it has been around 5% 
during the last decade (see Figure 5). 

 

 

Figure 4. External energy dependence in Europe (EU27)in 2006. Source: Based on data from [4]34 

                                                            

2 EU 27: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, the Netherlands, Poland, Portugal, 
Romania, Slovakia, Slovenia, Spain, Sweden and the United Kingdom. 
3 Negative dependency rate indicates a net exporter country. Positive values over 100% indicate stocks build-up 
during the reference year. 
4 The map shows in green the countries whose energy dependence is lower than the EU27. 
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Figure 5. Evolution of the rate of energy self-sufficiency in the autonomous community of the Basque 
Country. Source: Modified from [5] 

On one hand, the energy production was 420 ktoe in 2007. Most of this primary energy comes from 
renewable energy, such as hydropower or wind power (Figure 6). This tendency has not changed in 
the last decade. Hence the energy production is sustainable from the environmental point of view. 

 

Figure 6. Evolution of the energy self-sufficiency in the autonomous community of the Basque 
Country. Source: Modified from [5] 

On the other hand, energy imports were 14 459 ktoe in 2007, were most of them come from 
petroleum -68% of the total- as it can be seen in Figure 7. The second most imported commodity is 
natural gas (24%) and the remaining part is electricity (5%) and solid fuels (3%).  
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Figure 7. Distribution of energy import in the autonomous community of the Basque Country in 2007. 
Based on data from [5] 

The tendency of petroleum consumption has been increasing in the last three years (Figure 8). Thus, 
most of the energy supply of the autonomous community of the Basque Country comes from a non-
renewable source and contributes in the increasing of the amount of green house gases. 

 

Figure 8. Evolution of Energy Import in the autonomous community of the Basque Country. Source: 
Modified from [5] 
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2 Aim of study 

In this section the purpose of the thesis is defined. It is important to know in what we are working for 
and which the goals are. In this chapter it is drawn a path from the start to the end of the work, to 
know what is and out of the thesis.  

The aim of this project is to study the energy system of the autonomous community of the Basque 
Country. Understanding the present situation could help to propose new alternatives that makes this 
region less dependent from the exterior, and more sustainable. One of the European objectives is to 
decrease the green house gases by 20% from the level that they were in 1990 by the year 2020[7]. If 
the autonomous community of the Basque Country wants to achieve its goals, the energy map must 
be settled and understood, to be able to set out solutions. 

Therefore an energy balance of the region has been constructed. It is important to know where the 
energy is used, in what way and with which purposes to understand the current situation and look 
for a solution; a solution that cannot only solve present problems, a solution that takes into a count 
the future situation and solves them. 

Renewable energy takes an important place in any future scenario of every nation and that is why 
this issue cannot be missing on this paper. The current situation of solar energy, wind energy, ocean 
energy, biomass and wind power is explored. 

The waste treatment is also going to be analyzed in this paper. Waste treatment management, as 
well as the energy system, is the bases of our society and must be treated consequently. It cannot be 
an issue for improvisation or last minute things. 

In this paper waste management is studied, starting with the legislation which might condition 
institutional politics. After that the waste generation rates of the region are shown and compared 
with the European ones. As it is important to know where we are compared to our “neighbors”. 
Basing on the experience of the ones that are in a better situation, could be a good way of improving. 

Maybe with a better management of the garbage, introducing more recovering biogas plants from 
landfills or incineration plants with energy recovery, the energy self sufficient rate might be 
increased and make the energy system more sustainable by the way. 

It is out of study how the emissions of CO2 are accounted. The Intergovernmental Panel on Climate 
Change (IPPC) inventory method is the one that has been taken into account from the sources and 
this point is not going to be discussed. Thus it is out of debate if only the anthropogenic emissions 
are accounted or if the biogenic ones also need to be included on inventories. 
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3 Method 

In this section it will be explained in what the thesis is based on. In other words, it will be given 
details of the chosen path for achieving the aim of the thesis. As it is important to know where to go 
ahead in the project, it is important to know which is going to be the path and if we are going by bike 
or by car. 

The energy survey is mostly based on information collected from the Basque Energy Board (Ente 
Vasco de la Energía, EVE), either from the website or from their publications. This institution was 
created in 1982 with the mission of developing the necessary conditions to implement a coherent 
energy policy, guided to ensure the availability of energy in the best conditions of supply security, 
cost and environmental impact. The view of the EVE is to orient the autonomous community of the 
Basque Country toward a position of sustainable development. [2] 

Main data have been gathered from “Energia 2007” publication from Basque Energy Board which has 
been made according to the methodology of Eurostat (Statistical Office of the European 
Communities). To help to understand the terminology used in this energy survey it has been made a 
glossary based on the web site of this institution5. 

The energy situation of the autonomous community of the Basque Country is compared to the 
situation of the European Community countries, as they are the reference of the future scenario. The 
data’s from Eurostat has been used as a reliable source for making those comparisons. 

The same procedure has been used to the study of renewable energy. It is also based mainly in the 
data’s from EVE, because it is the main institutions on the issue of energy related with the 
autonomous community of the Basque country. 

The waste management policy in the autonomous community of the Basque Country has been 
analyzed. The waste management data’s has been collected from the different official gazettes of the 
Basque Government and county councils of Araba, Bizkaia and Gipuzkoa, and their different plans 
and laws for it, all of them can be found in the references. 

Some simple calculations have been made to show easy numbers to understand the improvements 
that have been introduced by the proposal. The intention is to give an idea of which are the 
repercussions of the new measures. 

 

                                                            

5 http://ec.europa.eu/eurostat/ramon/nomenclatures  

http://ec.europa.eu/eurostat/ramon/nomenclatures
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4 Results of data collection 

The result from the energy survey, preformed by the method described in chapter 2, is presented in 
this section. 

4.1 Energy balance 

The structure of the energy system of the autonomous community of the Basque Country is 
represented in the Figure 9. 

 

Figure 9. Energy map. Source: Based on data from (EVE)[2] 

The systems imports are coal, oil, natural gas and electricity, while domestic energy production is 
based on renewable energy i.e. biomass. Regarding to energy conversion facilities there is a refinery 
in Muskiz (Bizkaia) that is connected through pipelines with Castilla-Leon’s storage places and 
Bilbao’s harbor. It has the annual capacity of processing 11 millions of tons. 

For energy transport are networks of gas and electricity grid to distribute through the entire region 
the imports.  

The electric grid is formed by power substations and distribution lines. Power transmission lines are 
formed by lines of 220 kV and 400 kV. The lines of 400 kV have a length around 490 km.  

It is connected with the Spanish and French grid in several places with lines of 220 kV and 400 kV. 
The connection with France is done by two lines: Hernani Cantegrit of 400 kV and Arkale-Mouguerre 
of 220 kV. 
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There are 3.700 km of pipe lines for natural gas distribution. The oil supply is done from three points: 
one from the south of the territory, from Haro in Araba; another from the north, from the Harbor of 
Bilbao; and the last one from the east, in Irun (Gipuzkoa) which is nowadays under construction. 

Based on the data from “Datos energéticos del País Vasco 2007” *2+ it has been constructed the 
energy balance of the autonomous community of the Basque Country (see Figure 10). A more 
extensive analysis might be found in Table 8 of the appendix. 

 

Figure 10. Energy Balance of the autonomous community of the Basque Country. Source: Based on 
data from [5] 

4.2 Energy supply 

In 2007, total primary energy supply (TPES) in the autonomous community of the Basque Country 
was 7.774 ktoe. TPES has grown an annual average rate of 3.8% during the past decade, which is 
considerably more than the IEA average of about 1.4% [6]. However, if only one takes into account 
the growth of the last 5 years, the increase is slower, being only 0.7% from 2006 to 2007. 
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Figure 11 . Distribution of energy production in the autonomous community of the Basque Country in 
2007. Source: Based on [5] 

As mentioned in the introduction, domestic energy production is low, 420 ktoe (5.4 % of TPES) in 
2007. The major contributor to energy production is renewable energy (391 ktoe), followed by 
derived energy (22 ktoe) and petroleum and derivatives (7 ktoe). The distribution is represented in 
percentage in the Figure 11. The autonomous community of the Basque Country used to have 
natural gas production, but it decreases in the middle of the 90’s. There was a natural gas field call 
“Gaviota” in Bermeo (Bizkaia) that is nowadays used as a deposit for storage. It has a capacity of 2 
480 000 000 Nm3. 

There are a number of factors that have a great effect in the present and future Basque energy 
supply. In first place Government policies mark trends for energy supply by both legislation and 
taxes. 

Another variable that will have a great influence on this picture is energy prices. On the one hand, 
low energy prices will contribute to cut costs for industries and reduce the energy bill for all 
consumers. In the other hand, a scenario of moderate or low energy prices does not hold out 
incentives for adopting energy saving measures, and it will therefore be necessary for the authorities 
to ensure that those energy saving measures are implemented. In addition, emission trading 
resulting from Kyoto Protocol may also affect energy prices. 

Another key factor for future supply conditions is the availability of the infrastructures needed for 
sufficient, safe and competitive supply.  

4.2.1 Solid fuels 

In 2007, the solid fuels imports were 456 ktoe, being consumed by energy sector with an increase of 
11% over 2006 and, industrial sector which increases it consumption in 8 %. The drop in consumption 
that appears in Figure 12 is due to a change of approach in accounting for petroleum coke, from the 
category of solid fuels to petroleum. 

93%

5%

2%

Renewable energy Derived energy Petroleum
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Figure 12. Evolution of solid fuels consumption in the autonomous community of the Basque Country. 
Source: Modified from [5] 

The amount of coal consumed in energy sector is 334 ktoe, which was mainly consumed by 
thermoelectric power stations, and 122 ktoe by the industrial sector. This distribution can be seen in 
the Figure 13 in percentage, where one can see clearly that energy sector is the biggest consumer of 
solid fuels. 

 

Figure 13. Distribution of solid fuels in the autonomous community of the Basque Country. Source: 
Modified from [5] 

73%

27%

Energy sector Industry sector
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4.2.2 Petroleum and derivatives 

In 2007 the demand for petroleum and petroleum products amounted to 3160 ktoe, which means a 
decrease of 0.1% from previous year due to the reduction in use of thermoelectric generation. Total 
imports of crude and refining raw materials in 2007 were 9.5 million tons, 2.4% higher than previous 
year. 

The gross domestic consumption reached 3159 ktoe, which means a decrease of 0.1% due to lower 
consumption in electricity generation. However, final consumption of petroleum in 2007 was 3.7% 
more comparing to 2006, 2.272 ktoe, because of increased use in transportation. The evolution of 
both in the past years can be seen in Figure 14. 

 
Figure 14. Evolution of petroleum gross domestic consumption and final energy consumption in the 

autonomous community of the Basque Country. Source: Modified from [5] 

If the petroleum derived products are analyzed, the diesel fuel for transport represented in 2007 71% 
of the total as it can be seen in the Figure 15. 
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Figure 15. Distribution of petroleum derivatives comsumption in the autonomous community of the 
Basque Contry. Source: Modified from [5] 

As it is shown in the next figure, the main consumer of petroleum and its derivatives, by far, it is the 
transport sector with a consumption of 1966.3 ktoe in 2007, what makes a 84% of the total. 
Transport is followed by tertiary sector (5%), industry (4.4%), primary sector (3.7%) and electricity 
sector (3%). 

 

 

Figure 16. Distribution between sectors of consumption of petroleum and its derivatives in the 
autonomous community of the Basque Country. Source: Modified from [5] 
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4.2.3 Natural gas 

Natural gas demand was 39,363 GWh in 2007, this amount represented almost 40% of the total 
energy demand of the region. It has been a decrease of 4.4% over 2006 due to lower consumption in 
combined cycle power plants. 

The tendency for the last decade has been increasing demand for natural gas, with an average annual 
rate of 12.8%. The consumption of natural gas in the autonomous community of the Basque Country 
is now three times more than it was in 1997 as it can be seen in the Figure 17. 

 
Figure 17. Evolution of Natural Gas demand in the autonomous community of the Basque Country. 

Source: Modified from [5] 

As it is shown in Figure 18, electricity generation in not CHP plants(42% of total) is the sector of 
greatest demand for natural gas, followed by industry (35%), cogeneration (13%), the residential 
sector (7%) and services (3%). 
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Figure 18. Distribution between sectors for natural gas demand in the autonomous community of the 
Basque Country. Source: Modified from [5] 

4.2.4 Renewable energy 

In 2007 the supply of renewable energy reached 400 ktoe (Figure 19), which means and increase of 
16% over the previous year due to higher consumption of biomass (included biofuels). In the last 
decade this amount has almost doubled, although the contribution for the total energy consumption 
has not done the same, has only rising 0.6%; which means that the energy demand growth is more 
pronounced. 

 
Figure 19. Evolution of renewable energy in the autonomous community of the Basque Country. 

Source: Modified from [5] 
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The renewable energy is formed by biomass, hydropower, wind energy, solar energy -which includes 
solar photovoltaic and solar thermal. Their contribution to the renewable energy sources can be seen 
in the Figure 20. In 2007 renewable energy represented 4.5% of the electricity demand. 

 

Figure 20. Distribution of renewable energy in the autonomous community of the Basque Country. 
Source: Modified from [5] 

Increased direct demand for renewable energy corresponds to the industry along with the CHP 
industry, mainly in the paper industry (see Figure 21). 

 

Figure 21. Distribution between sectors for renewable energy demand in the autonomous community 
of the Basque Country. Source: Modified from [5] 
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4.2.5 Electric energy 

The demand for electricity in the autonomous community of the Basque Country in 2007 was 20.612 
GWh, with a slight growth of 1.6% over the previous year. Electrical energy represents 29% of final 
energy consumption. 

However, electricity generation was reduced by 10% and reached 12.597 GWh, covering 61% of 
electricity demand. The remaining 39% is imported. The demand is met by the supply as it is shown 
in Figure 22: 39% by combined cycle plants which use natural gas, 15% by renewable and CHP plants 
and 7% by thermoelectric conventional power plants. 

 
Figure 22. Evolution of electricity demand in the autonomous community of the Basque Country. 

Source: Modified from [5] 

In 2007, renewable electricity generation led to 926 GWh, covering 4.5% of electricity demand. 
Hydropower accounted for 37% of this amount, 35% wind power and renewable thermoelectric to 
27%. 

In the 90’s the situation of the autonomous community of the Basque Country was of a high 
electricity dependency. Almost all the electricity was generated outside the region. Only 4 % of the 
electricity was generated within the community. The Basque’s institutions being aware of the 
situation, supported the introduction into system combined cycles run by natural gas. In all the 
thermoelectric power plants of the autonomous community of the Basque Country are listed. After 
the year 2003, where the first new plant of combined cycle was built, the electricity dependency 
started to decrease. Finally in 2006 the production reached 67% of the electricity consumption of the 
region. [7] 
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Table 2. Installed conventional power plants in the autonomous community of the Basque Country. 
Source: Based on [2] 

Central Tipe Locality Capacity 
(MW) 

Starting 
year 

State 

Central Termica de 
Santurtzi 

Fuel-gas Santurtzi 
(Bizkaia) 

936 1969 Planning 
to close 

Central Termica de 
Pasajes 

Coal Pasaia 
(Gipuzkoa) 

223 1967 Planning 
to close 

BBE (Bahia Bizkaia 
Electricidad) 

CHP Zierbena 
(Bizkaia) 

800  2003  

Bizkaia Energia CHP Amorebieta-
Etxano 
(Bizkaia) 

800 2005  

Ciclo combinado de 
Santurtzi 

CHP Santurtzi 
(Bizkaia) 

400 2004  

 

4.3 Energy demand 

In 2007 the final energy consumption of the autonomous community of the Basque Country reached 
5.746 ktoe. The evolution through the last decade is shown in Figure 23, where it can be noticed that 
the tendency has been a continuous growth. 

By sector, the industry’s final energy consumption represented 46% of total and transport 35%, while 
residential sector reaches 10%, services 7% and primary 2%. 

The sector with the fastest growing rate in the year 2007 was transport sector with a 7.5%. Industrial 
consumption rose by 2.9%, meanwhile transport, residential sector and services increased by 7.5%, 
0.8% and 0.7% respectively. 
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Figure 23. Evolution of the final energy consumption. Source: Modified from [5] 

The gross domestic consumption per capita in the EU27 is 3.70 toe per capita [8],while corresponding 
value for the Basque region is 3.6 toe per capita [5], higher than southern Europe countries and 
lower than those of the north as it is shown in the Figure 24. 
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Figure 24. Gross inland consumption in Europe (EU27) in 2006. Source: Based on data from [8]6 

4.3.1 Industrial 

In 2007 the final energy consumption by the industrial sector was 2642 ktoe, an increase of 2.9% 
over the last year. Indeed it is characterized by a high consumption of eletric energy (41.3%) and 
natural gas (36.8%). The rest is made up by 8.7 of renewable energy, 4.7% of derived energy, 4.6% of 
solid fuels and 3.9% of petroleum and derivatives. 

The evolution over the last ten years can be seen in the Figure 25, where it can be noticed that the 
tendency of the final energy consumption of this sector is a growth. 

                                                            

6 The map shows in green the countries whose gross inland consumption is lower than the EU27 average. 
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Figure 25. Evolution of industrial final energy consumption in the autonomous community of the 

Basque Country. Source: Modified from [5] 

It is difficult to identify long-term trends in an industry with a high degree of competitiveness and 
dependent to a large extent on the progress of the economy. The government policy of promoting 
programs of rational energy use in industries will lead to significant improvements in areas of 
innovation and energy saving reducing the energy consumption by this sector. 

Gas networks are planned to enlarge, and therefore natural gas are expected to replace petroleum 
derivatives in furnaces and industrial boilers. There is a CHP program for industry with high 
relevancy, especially in paper manufacture, since it will incorporate new facilities that will improve 
energy efficiency in the sector. 

4.3.2 Residential 

Energy consumption in the residential sector was 577 ktoe in 2007, an increase in the last year of 
0.8%. Electrical energy represents 42% of consumption in the residential sector, natural gas 38% and 
petroleum products 15%. The evolution over the last decade can be seen in the Figure 26. 

Hence, residential final energy consumption is characterized by high electrical energy and natural gas 
consumption. The annual consumption per habitant is 0.28 toe, while consumption per household is 
0.74 toe.  
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Figure 26. Evolution of residential final energy consumption in the autonomous community of the 

Basque Country. Source: Modified from [5] 

Demographic forecasts for the autonomous community of the Basque Country in the period 2001-
2010 point to a moderate fall in population. This fall in the population will be accompanied in the 
housing industry by a reduction in the average dwelling size and in the average inhabited useful floor 
space, continuing with the trend of recent years. As a result there will be an increase in the number 
of homes available, with new buildings added during the period, and older ones gradually being 
refurbished. [10] 

Despite of population falling, energy consumption will rise due to the increase of comfort levels that 
requires more energy. In addition, traditional cookers trend to be replaced by ceramic hobs, and this, 
combined with new domestic and electronic appliances will increase electricity requirements. 
However, new homes will have more efficient energy equipment, incorporating new insulation in 
windows and other enclosing surfaces. After the introduction of the new regulation, solar thermal 
energy systems for hot water are going to be integrated in new constructed houses.[10] 

4.3.3 Transport 

Energy consumption in transport accounts for 35% of final energy consumption and, in 2007 it 
reached a value of 2008 ktoe, with an average annual growth of 3.9% since 2000. The energy 
consumed by transport sector is characterized as follows: 97.9% derived from petroleum, which 
represents the 85% of the petroleum derivatives consumption; 0.9% electricity and a 1.2% of 
renewable energy such as bioalcohol used in the manufacture of gasoline or biodiesel sold in service 
stations. Furthermore, the consumption of diesel is five times more than the consumption of 
gasoline. 

Moreover, the main consumer in the transport sector is the road transport with a 94.6% of the total, 
followed by the aviation sector with a 4.1%, the rail 0.9% and navigation with a 0.5% (Figure 27). 



 4. Result of data collection 

 

23 

 

 
Figure 27. Distribution between sectors of the final energy consumption of transport in the 

autonomous community of the Basque Country. Source: Modified from [5] 

The different subsectors of transport sector need to be examined separately in order to assess 
possible trends in the future consumption.  

Nowadays, most of the population has access to a private automobile and this number tends to 
increase. Thus, road transport of passengers will rise. Furthermore, road-based freight transport will 
continue to increase as a result of a growth in the industrial sector. This will involve larger internal 
transport of goods and products, exports and imports, and international traffic passing through the 
region.[10] 

The future introduction of the high speed train (the "Basque Y") will connect the three main cities of 
the region. The high speed train will compete directly over medium distances, and will take 
passengers from air and road transport. 

Regarding to navigation it is important to mention the strategical plans for the harbors of Bilbao and 
Pasaia. In addition, the future enlargement of airport of Bilbao will increase the number of flights, 
both nationals and internationals.  

4.3.4 Services 

In this case, consumption in the services sector increased by 0.7% in 2007, reaching 423 ktoe, which 
represents 7.4% of final energy consumption in the autonomous community of the Basque Country. 
There is a growing component of electricity consumption, which already exceeds 70% of the total, 
and a gradual decrease of oil products. In other words, electricity has almost doubled the 
consumption since 1997, while petroleum and its derivatives have been reduced to the half over the 
same period. This all is represented graphically in the Figure 28. 
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Figure 28. Evolution of services final energy consumption in the autonomous community of the 

Basque Country. Source: Modified from [5] 

The services sector can be subdivided by the type of energy consumption into large services centers 
(schools and universities, hotels, sports facilities, residences, hospitals, etc.) and into commercial 
establishments, which make up the rest of the service facilities, such as shops, small catering 
establishments, offices, etc. In the last ones electricity plays a very important role. Services sector 
also includes public lighting. 

According to government expectations, the sector will continue growing in importance in the Basque 
economy. Thus, the energy needs will also rise, for example in subsectors like catering and business 
services. Others sectors such as administration, education and health will remain stable. Public 
lighting will continue growing. [10]  

This sector is similar to residential sector and will continue the same trends. In other words, natural 
gas’s share will continue to rise, although electricity will still head the list. Solar thermal systems will 
be installed for producing hot water. 
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5 Renewable energies 

In this chapter, it is going to be analyzed the state of renewable energy in the autonomous 
community of the Basque Country. The future of them will depend on the type of technology, and 
will be influenced by global trends as well as by local government policies. 

5.1 Solar energy 

Solar radiation is the mother of other renewable energy such as wind, wave power, hydroelectricity 
and biomass. Solar energy can be used to provide either electrical generation (by heat engines or 
photovoltaic’s cells) or heat.  

The use of this energy is limited by the radiation, which at the same time is conditioned by the 
climate. The distribution of solar radiation in the autonomous community the Basque Country is 
conditioned by the geographical and climatological characteristics of the region. The autonomous 
community of the Basque Country is characterized by a climate with abundance of clouds, which is 
problematic particularly for those systems that take benefit from direct sun radiation (mirrors, 
lenses, concentrators…). However, low-temperature application can be used in this situation, such 
as: production of hot tap water or heating by passive solar architecture among others. 

In the one hand, solar irradiation is different between summer and winter. The latitude of the area 
has an average of 43 degrees where the day has about 9 hours on December 21th and 15 hours on 
June 21 th. Therefore average of irradiation on June is five times higher than in January. 

In the other hand, there is a difference between the northern and southern part of the region. The 
major mountains of the autonomous community of the Basque Country have an east-west 
orientation and the direction of prevailing humid winds is North-West. Due to this two factors, the 
mountains tends to retain the clouds in the north and the skies are clearer in the South, causing both 
heat and radiation increase rapidly when passing from the coast to the interior. 

5.1.1 Solar areas 

The above analysis on the distribution of heat can distinguish three zones in the solar region7 of the 
Basque Country, which are called: Seaside area, Rioja from Araba area and Intermediate area. These 
areas are presented in the Figure 29. 

                                                            

7 A solar area is a part of the territory where the conditions of solar radiation are similar. Dividing the territory 
into solar areas allows the calculation of solar radiation in a given area if solar radiation is known at any point in 
that zone. 
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Figure 29. Solar areas of the autonomous community of the Basque Country. Source: Modified from 
[11] 

The seaside area is characterized by data from the observatories from Sondica and Igeldo, with an 
annual insolation hours between 1500 and 1700. It seems to be a small area difference between the 
coast area and the interior of this zone, the irradiation is around 4% higher in the coast side. [11] 

The area of Rioja from Araba is characterized by the data’s from Logroño, with 2200 hours of annual 
insolation. The intermediate area is quite difficult to characterize only with one value, the annual 
insolation hours vary here between 1700-2200. [11] 

The adoption of energy quality criteria in buildings and homes and other measures were designed to 
encourage the use of solar thermal power, which is the renewable energy with the greatest potential 
in the medium to long term. 

5.1.2 Photovoltaic installations 

There are 1189 installations in the Basque Country that make a total power of 4.9 MWp.[2] 
Photovoltaic installations can give their electricity to the grid or it can be consumed in the same place 
that is generated.  

In the Figure 30, it can be seen how such installation has grown between the years 1988 and 1999. It 
is obvious that institutional aids had something to do with this fast growth.  



 5. Renewable energies 

 

27 

 

 

Figure 30. Evolution of photovoltaic installation in the autonomous community of the Basque Country. 
Source: Modified from [10] 

5.1.3 Solar thermal installations 

The amount of installations is 378 with a surface of 10 669 m2 for the different purpose as: hot water, 
heating pools and so on. The development of this technology through the territory is different as it 
can be seen in the map on Figure 31. The municipality with more solar thermal installations is Vitoria-
Gasteiz. [2] 

 

Figure 31. Solar thermal installations distribution in the Basque Country. Source: [2] 
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5.2 Wind power 

By the end of 2005 the Basque Country had an installed power of 144 MW, which was distributed 
among the installation shown in the Table 3¡Error! No se encuentra el origen de la referencia.. [2] 

Table 3. Windfarms in the Basque Country 

Windfarm located in Power (MW) Year 

Elgea (Araba-Gipuzkoa) 27 2000 
Urquilla (Araba) 32 2003 

Oiz (Bizkaia) 26 2003 
Badaia (Araba) 49 2005 

Harbor of Bilbao (Bizkaia) 10 2005 

There are also few mini wind installations, from 45 W to 400 W. [2] 

In the Figure 32, below, it can be seen the location of wind energy throughout the autonomous 
community of the Basque Country. 

 

Figure 32. Wind power distribution in the Basque Country. Source: Modified from [2] 
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In the Table 10 of the appendix, it can be found the potential of wind farms that have been studied 
by the Basque government. According to this study8 1263 MW are able to be installed in different 
locations of the region, but only 408.7 MW are finally allowed (a 32.4 % of the amount initially 
supposed). This reduction is due to environmental issues such as impact on the flora and fauna, 
impact on archeological heritage or technical issues. These possible installations will produce 1092 
GWh per year. 

Wind energy does not release any emission during its production and more over, it saves green 
house emissions. When wind power is replacing a traditional coal power plant it is saving carbon 
dioxide emissions from 0.33 to 0.59 tons of CO2 per MWh [13]. Which means that with the 
introduction of the wind farms planned by the government, 360360-644280 CO2 tons per year will 
not be released into the atmosphere. 

The future of this technology can be to develop off-shore installation. These kinds of installations are 
perfect ones when the locations on land are not suitable due to dense populations, which is the main 
problem of the autonomous community of the Basque Country [14]. 

5.3 Biomass 

It is known as biomass energy the whole organic matter of vegetable or animal origin, including 
materials coming from natural or artificial processing of organic matter. In the exploit of biomass as 
an energy source is used mainly trees, plants, animals and waste [16]. 

5.3.1 Forest inventory 

According to the last forest inventory of the Basque government nowadays, 55% of the surface of the 
region is occupied by forest, a figure that rises to almost 70% when grasslands, rocks and bushes are 
added to the computation. Thus, trees occupy 396701 hectares of land, 496468 adding pasture and 
scrub. 

The Basque tree catalog amounts to 3063 species, divided into 873 genus and 158 families. Native 
plants of central Europe are mixed with the Atlantic species, which grow in the cool of Biscay. 
However, the change of slope at the height of the mountains of Aizkorri, Gorbea or Anboto allows 
the Mediterranean species to grow starting from the transition zone of the plain of Alava. [15] 

There is a proportion of 70 hardwood per 30 coniferous. The former ones occupied 201.150 hectares, 
where 18000 are for oaks, 27289 hectares for holm oaks, 54500 hectares for beech and the rest is for 
other Atlantic forest species. In the coniferous genus the most common one is the radiate pine with 
137400 hectares, following by the eucalyptus with 13000 hectares. [15] 

Those trees breathe or absorb 1380 million kilograms of carbon dioxide each year. [15] 

                                                            

8 Plan territorial sectorial de la energía eólica en la comunidad autónoma del País Vasco[12] 
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5.3.2 Energy from biomass 

The goal is to reach 795,000 toe use of biomass in 2010, an increase of 240% from 2000, when only 
231000 toe were used. [10] The idea of the Basque institutions is to maintain the use of waste from 
paper industry and increase the use of waste from wood processing industry, especially for 
cogeneration. In 2000 the use of forest, agricultural and livestock waste was zero. Thus the aim is to 
increase this amounts for electricity generation. Basque institutions want to increase the use for 
energy recovering plants to produce electricity and increase the landfill biogas. [15] All this 
information is presented in Table 4. 

Table 4. Energetic use of biomass in the automous community of the Basque Country. Source: [16] 

TYPES OF BIOMASS SITUATION 2000 (toe) AIM 2010 (toe) 

Wood waste 226.300 297.200 
Forest waste - 96.300 
Agricultural waste - 22.900 
Livestock waste - 3.100 
Urban solid waste and sewage sludge 4.600 198.600 
Biofuels - 177.000 

Total 230.900 795.100 

Basque institutions are looking for the implementation of plants for the production of biofuel. It has 
been already done some experiences for the use of them, such as the use for urban transport 
(Euskotren is using 30% biodiesel since 1997). [16] 

Combined Heat and Power facilities  

There are around 90 facilities with a total power of 440 MW, most of them are industrial 
installations.[2] The distribution of them in the region is shown in the Figure 33. 

 

Figure 33. Combined Heat and Power facilities in the Basque Country. Source: [2] 
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On May 27th of 2009 it appears on the newspapers [17] that the companies Papresa and Naturgas are 
planning to build a cogeneration plant in Gipuzkoa (Errenteria) of 50 MW; it would be the biggest 
installation of this type until now with a cost of 50 millions of Euros. 

 

5.4 Hydroelectric facilities 

Hydroelectric facilities are very developed in the autonomous community of the Basque Country in 
almost all the rivers and basins, especially in the province of Gipuzkoa. This can be clearly seen in the 
Figure 34, where Gipuzkoa is full of dots, particularly the basin of the river Oria with 26 facilities and 
a capacity of 14.7 MW. [18] 

These installations are associated to little industries and were the bases of the rural lighting. But in 
the 60’s of the last century they started to close due to high operation cost compared to the cheap 
price of petrol at that time. However in the 80’s this situation changed and most of the closed 
hydroelectric facilities were reopened. 

 

Figure 34. Hydroelectric facilities in the Basque Country. Source: Modified from [2] 

In Spain the difference between hydroelectric power plants is that small hydroelectric has a limited 
of 10 MW. There are also micro hydro that are those who have less than 100 kW. Every plant beyond 
10 MW is considered a hydroelectric power plant. 

In the Basque Country there are more than 100 of this kind, that all together sum up around 60 MW. 
There are also 3 micro hydro facilities with a total power of of 1.4 kW. Finally, there are 2 hydro 
power plants, Sobron (Araba) and Barazar (Bizkaia) that have a power of 113 MW [2]. All these data 
are presented on the Table 5. 
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Table 5. Hydroelectric facilities in the autonomous community of the Basque Country. Source: Based 
on [2] 

 Number of installations Total Power (kW) 

Micro Hydro 3 1.4 
Small Hydro >100 60 000 

Hydroelectric 2 113 000 

Total - 173001.4 

5.5 Ocean energy 

Ocean energy can be divided in two types: mechanical energy (tidal power and wave power) and 
thermal energy. The ocean energy could be divided in four subdivisions: tidal power, ocean thermal 
power, wave power and energy from marine currents. 

Nowadays the ocean energy power is 250 MW around the world. It is a new technology with a lot of 
space for improvement. It has a huge potential and according to John Huckerby, president of the 
division of ocean energy from the International Energy Agency the ocean energy “could provide 10% 
of the Basque electricity consumption”.[19] 

It is estimated that annually 22000 TWh are dissipated by tides. The aim is to take advantage of this 
energy for our purposes. The tidal potential of Spain, and especially of the Cantabrian coast, is among 
the biggest one of the world [20]. 

The Basque institutions included in its plan[10] that by the year 2010 ocean energy will be 5 MW of 
installed capacity. Following this aim the EVE has started different projects such as the construction 
of one installation in Mutriku (Gipuzkoa) or the project Bimep. 

5.5.1 Facility in Mutriku 

The facility of Mutriku (Gipuzkoa) is based on OWC (oscillating water column). It has a total installed 
power of 296 kW, divided in 16 turbines of 18.5 kW each one. The construction started on the year 
2005 and it has a budget of 5.7 millions of euros. [2]. 

The motion of the sea surface produces a flow of air through a turbine whose main characteristic is 
that it turns one way independent of the direction of the airflow. This can be seen in the Figure 35. 
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Figure 35. OWC installation diagram. Source: [20] 

In the next picture, Figure 36, it can be seen the installation in Mutriku. It was going to be built a 
dam, and they introduce in the project the new facility for electricity production from ocean energy.  

 

Figure 36. Facility of OWC in Mutriku (Gipuzkoa). Source: By Xabier Txakartegi (2008-04-10) 

5.5.2 Project Biscay Marine Energy Platform (BIMEP) 

BIMEP is a project which is been carried out with the collaboration of EVE and CIC energy Gune. The 
aim is to build a facility to research systems for capturing wave energy in the ocean. 

Thus, some wave energy converter (WEC) facilities are planned to be installed both for researching 
and for electricity generation. The project has a total power capacity of 20 MW and a budget of 15 
millions of Euros. It is situated in Armintza-Lemoiz (Bizkaia), where the energetic potential of the 
coast is 21 kW/m. It is strategically situated, since the Harbor of Bilbao is just 15 km away. [21] 
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6 Urban waste treatment policy 

This chapter discuss about waste, the way that is treated by the law and administrations, its 
generation on the region, the infrastructures and the environmental impact. The management of 
garbage is an important factor in every region and affects the population as well as the environment. 

6.1.1 Legislation 

The waste treatment policy in the autonomous community of the Basque Country follows the 
hierarchy shown in the Figure 37. The European Community (EU) gives advices and main guidelines 
to all the member countries through the Directive 2006/12/EC, which is based on the Directive 
75/442/EEC. 

 

Figure 37. Brief description of the hierarchy for the Autonomous community of the Basque Country9 

Indeed, the member countries, in this case Spain, have to adapt their own legislation to these 
proposals; furthermore the national legislation could be even more restrictive. Although there are a 
variety of laws and Royal Decrees, the most important are: the law 10/1998, of April 21, regarding to 
waste and the law 11/1997, of April 24, regarding to packaging and packaging waste. Spanish 
government gives competition on garbage collection to the Autonomous Communities, in other 
words, they are responsible of planning and management of waste. 

                                                            

9 PIGRU (Plan Integral de Gestión de Residuos Urbanos), that means Plan for Urban Waste Management. 
PNIR (Plan Nacional Integrado de Residuos) is the National Integrated Plan for Waste. 
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The law 3/1998, of February 27, General Environmental Protection of the Basque Country, specifies 
that it is up to the Environmental Authority of the Autonomous Community the elaboration of the 
main guidelines for the management of urban solid waste. In order to do that, they have made the 
Guidelines for planning and management of urban waste in the Basque Country [22]. The aim of 
these guidelines is to coordinate a number of measures through the territory that contribute to: a 
correct use of the resources in waste, not to exceed the carrying capacity of the environment and 
ultimately to achieve a sustainable development. 

Hence, the guidelines for planning and management of urban waste in the Basque Country set three 
challenges: 

- Challenge 1: Prevention as a basis for sustainable development  

- Challenge 2: Achieve higher levels of selective collection and recycling including organic 

matter  

- Challenge 3: Guidance for the management of waste mass to criteria of maximum 

recovery 

Thus, every deputation of each province (Araba, Bizkaia and Gipuzkoa) elaborates its own plan 
following the restrictions put by the administrations behind. 

6.1.2 Waste treatment hierarchy 

The European legislation, as well as national and regional legislation, establishes a hierarchy for 
waste management that prioritizes prevention, reuse, recycling, other recovery operations, such as 
the use of waste as a source of energy, and finally disposal. In addition, this legislation sets 
obligations with regard to the zero discharge of waste previously untreated, and the gradual decline 
of biodegradable municipal waste that can go to landfills. 

The different administrations of the provinces have try to introduce these measures in their planning, 
some of them being more restrictive than the others, but all of them guiding to the same objective. 

6.1.3 Urban waste management 

According to the EEA (European Environment Agency), the amount of municipal waste will grow by 
25% from 2005 to 2020 in EU. As a graphic example of the waste generated in Europe, let us imagine 
all the waste generated in 2020 (i.e about 340 million tons) spread, it would cover an area of the size 
of Luxembourg 30 cm thick! [23] 

In the year 2005 the amount of waste generated amounted to 1 165 799 tones, equivalent to 545.6 
kg per capita (this information can be seen more in detail in the appendix). In the following figure, 
the evolution of the waste collection in the autonomous community of the Basque Country is shown.  
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Figure 38. Evolution of waste collection in the autonomous community of the Basque Country(1994-

2005). Source: Modified from [22]  

It can be differentiated the waste that is selectively collected from the waste that is not. In 2005 the 
former one amounted 334 155 tons, while the mass collected waste was 826 643 tons. 

It is positive the evolution of urban waste management in the autonomous community of the Basque 
Country. On the one hand, the generation of waste seems to be stabilizing. On the other hand, 
recycling levels are increasing, although this growth tends to slow down and there is still room for 
improvement if it is compared with the leading countries in Europe. 

6.1.4 Urban waste management infrastructures 

Historically landfilling has been the most used method for disposal of municipal waste. However this 
has started to change. 47% of the total EU municipal waste was landfilled in 2004 and the 
expectation is that this share will decrease to 35% in 2020. [23] 

In Figure 39, one can clearly see that in these moments, in the autonomous community of the 
Basque Country the largest treatment for waste is landfill, which accounts for over half of the waste 
generated, 55.8%. 
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Figure 39. Urban waste management fractions in the autonomous community of the Basque 
Country(2005). Source: Based on [22] 

In the appendix it can be found more detailed information about: the amount generated in the 
autonomous community of the Basque Country listed by sector and, the amount of waste landfilled, 
recycled or incinerated in 2005. 

In Figure 40 and more in detail in the Table 14 of the appendix, the major installations for waste 
treatment in the autonomous community of the Basque Country are shown, some of them already 
exits and some of them are planned to be built. 

 
Figure 40. Map of major urban waste infrastructure existing and planned of the autonomous 

community of the Basque Country. Source: Modified from [22] 
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There are four plants for classification of waste packaging with the aim of recycling with a total 
capacity of 36000 tons, which may contribute achieving the aim of 35% of recycled waste from the 
total. [24] 

There is only one incineration plant in the autonomous community of the Basque Country. It is 
named Zabalgarbi and is situated in Bizkaia. It is a CHP plant with an annual capacity for urban waste 
treatment of 230 000-250 000 tons and an electric power capacity of 95 MW. [25] This installation 
displaced 44 000 toe per year and a reduction of 440 .000 t/year of CO2. 

So as it can be seen clearly in the Table 6 the emissions are all the time bellow the legislation limits. 
Regarding to incineration, the issue that most scares people is the emission of dioxin and furans. 
Dioxins are some chemical contaminants formed during combustion processes (incineration, fires, 
industrial processes…) considered harmful to human health. But as it has been shown in the table 
bellow, this plant does not emit even a ten percent of the allowances by the legislation (we have to 
consider that the legislation is always made to protect the human being). 

Table 6. Gas emissions by incineration. Source: Modified from [25] 

 Zabalgarbi10 Limit11 
% of the limit 

 (mg/Nm3) (mg/Nm3) 

Dioxins and furans 0.0081 ng TEQ/ Nm312 0.1 ng TEQ/ Nm3 8.10% 
NOx 168.34 200 84.17% 
Particles 3.65 10 36.50% 
HCl 7.8 10 78.00% 
TOC 2.04 10 20.40% 
CO 4.57 50 9.14% 
HF 0.103 1 10.30% 
SO2 14.7 50 29.40% 
Pb+Cr+Cu+Mn+As+Ni+Sb+Co+V 0.1042 0.5 20.84% 
Hg 0.00013 0.05 0.26% 
Cd+TI 0.006743 0.05 13.49% 

There are six installation of biogas recovering from landfills and one from sewage sludge. Totally 
together they have a power of 8.7 MW. This is a way of reducing the emission of CH4 from waste and 
recovering energy. 

There is another plant called Bionor in Berantevilla (Araba) which recovers food oil to make biodiesel 
fuel for vehicles with an annual capacity of production of 30 000 tones. Next to this plant, another 
one is planning to be opened in 2009 with a capacity of 100 000 tones. [26] 

There are also other industrial plants and cogeneration plants that use residual biomass to generate 
energy for their own process. All these installations mentioned above are represented in the Figure 
41. 

                                                            

10 Average of emissions in 2006. 
11 EU directive about incineration 2000/76 and Royal Decree 653/2003, 30 of May, about waste incineration. 
12 Average of the 3 first trimesters of 2006. 
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Figure 41. Installations for recovery of biomass and waste in the Basque Country. Source: Modified 

from [2] 

Regarding to landfills, these are the existing landfills in the autonomous community of the Basque 
Country: 

Table 7. Shelf life of the existing landfills in the autonomous community of the Basque Country. 
Source: based on [22] [27] and [28] 

PROVINCE LANDFILL SHELF LIFE 

Bizkaia 
Artigas (Bilbao) Not available 
Igorre 2013 
Jata (Mungia) 2030 

Gipuzkoa 

Urteta (Zarautz) 2009 
Sasieta (Beasain) 2009 
Lapatx (Azpeitia) 2009 
San Marcos (Donosti) CLOSING 
San Blas (Tolosa) CLOSED (2006) 

Araba Gardelegi (Vitoria-Gasteiz) 2029 

Notice that the province of Gipuzkoa has 3 landfills and all are supposed to be closed this year, 2009. 
Moreover, there is no incineration plant constructed yet. 

6.1.5 Environmental impact of urban waste management 

It has to be noticed that waste management causes impacts in the environment, such as water 
quality (eutrophication, or excess of nutrients, contamination of groundwater, etc..), air quality 
(emissions of greenhouse gases) and quality of soils (soil pollution). 
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Air quality 

The impact of urban waste on greenhouse gases total emissions is about 5%, on one hand because of 
the methane13 emissions at landfills by the decomposition of organic matter in the waste, and on the 
other hand because of the emissions from the energy recovery from waste.  

Treatment and disposal of waste produce significant amounts of methane. Besides, sites for disposal 
of solid waste also produce biogenic carbon dioxide and volatile organic compounds different from 
methane, as well as smaller quantities of nitrous oxide, nitrogen oxides and carbon monoxide. 
Methane produced in those places contributes approximately 3 to 4 percent of annual global 
anthropogenic emissions of greenhouse gases. [9] 

In the Basque Country overall emissions of greenhouse gases, including those resulting from 
electricity imports, amounted 25.5 M tons of CO2e (carbon dioxide equivalent); that means an 
increase of 21.8% between 1990 and 2006. The increase in emissions is far from the 15% agreed by 
the European Union for Spain according to the Kyoto Protocol [7]. The evolution of the carbon 
dioxide emissions with respect to the base year (1990) is presented in the Figure 42. It can be seen 
how the autonomous community of the Basque Country and Spain are far away from achieving their 
objectives. The tendency of both has been to increase in the last fifteen years. 

 
Figure 42. Evolution of GHG in the Autonomous community of the Basque Country, in the EU and 

Spain (1990-2006). Source: Modified from [7] 

                                                            

13 Methane is one of the six greenhouse gases controlled by the Kyoto Protocol, which emissions are especially 
linked to agriculture and landfill. 
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Emissions from the waste sector of the autonomous community of the Basque Country reached 1.3 
millions of tons of CO2e in 2006. The emissions from waste sector has increased by 10,17% over the 
base year, although the amount of waste generated has increased 24,5%. This is due to better 
management of waste, through increased recycling, recovery and energy recovery form landfill gas. 
[29] 

However, net greenhouse gas emissions can continue rising due to inefficient management if 
investment in new and improved waste management capacity does not grow at the same rate as 
waste quantities does. [23] 

 
Figure 43. Trends and projections of greenhouse gas emissions from management of municipal waste 

in the European Union. Source: [23] 

In the figure above it can be seen the projections of the EEA for the greenhouse gas emissions from 
waste, where recycling contributes 75 % of total avoided emissions and incineration almost 25 % by 
2020. 

Water and soil quality 

The water and soil quality is also affected by waste management. For example, poor sealing of some 
inactive landfills, which entails not collected leachate can contaminate both groundwater and surface 
waters and encourage processes of eutrophication14, and even more it may affect the quality of floor. 

Landfills consume a lot of soil, which is necessary for other purposes like agriculture, spaces for living 
and working. In a region with a high population density like the autonomous community of the 
Basque country (see the section 1.2.1 General features) that is something unacceptable. 
                                                            

14 Eutrophication is a process whereby water bodies, such as lakes, estuaries, or slow-moving streams receive 
excess nutrients that stimulate excessive plant growth (algae, periphyton attached algae, and nuisance plants 
weeds). This enhanced plant growth, often called an algal bloom, reduces dissolved oxygen in the water when 
dead plant material decomposes and can cause other organisms to die. [7] 
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7 Proposal 

In this chapter it will be presented a solution to the problems presented at the beginning. As it has 
been explained throughout this work, the autonomous community of the Basque Country has a lack 
of resources and a problem with the waste management. So, why not take advantage of the situation 
and make a solution out from the problem? 

In the one hand, the final energy consumption amounted to 5 756 ktoe in the year 2007, where only 
5% came from the region. In the last decade, the Basque government has introduced some measures 
to reduce this dependency, and also the dependency from the petroleum. But the only thing they 
have done is to change petroleum by natural gas (see section 4.2.3 Natural gas to know about the 
evolution of natural gas consumption), which is a fuel fossil and a finite resource anyway. 

Waste can be a fuel, a way of displacing fossil fuels from our energy system. It can be used as a way 
of diversifying the inputs to the system. Moreover, people pay for getting rid of their rubbish, so our 
system would be less dependent of the variation of the price of petroleum. 

In the other hand, the autonomous community of the Basque Country is a region with a population 
density of 304 hab/m2, which is among the highest density of EU. Therefore there is not so much soil 
available for landfilling. 

In addition, the European Landfill directive is putting a lot of restrictions regarding to them. The 
European objective is that non biodegradable municipal waste is going to landfills. Moreover, the 
existing landfills are in a crossroad now, as it has been explained in the previous chapter 0 It is 
positive the evolution of urban waste management in the autonomous community of the Basque 
Country. On the one hand, the generation of waste seems to be stabilizing. On the other hand, 
recycling levels are increasing, although this growth tends to slow down and there is still room for 
improvement if it is compared with the leading countries in Europe. 

Urban waste management infrastructures. Gipuzkoa is the province in the worst situation due a bad 
planning from the authorities. 

7.1 Two new incineration plants with energy recovery 

After the good experience of Zabalgarbi (the only incineration plant with energy recovery in the 
autonomous community of the Basque Country) it can be a good idea to introduce two new plants in 
the autonomous community of the Basque Country, one for Gipuzkoa and another for Araba. 

7.1.1 Diagram of the plant 

These two new plants will take care of the waste collected in mass, so before each incineration plant 
a previous mechanical biological treatment (MBT) will be carry out. Because waste collected in mass 
unlike those collected separately, requires a mechanical separation process before biological 
treatment. After the mechanical treatment would be either an anaerobic digestion, which yields a 
biofuel, or aerobic digestion obtaining compost. 
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The material resulting from the mechanical-biological treatment15 (aerobic or anaerobic digestion), 
has eliminated much of the moisture of the waste and therefore has a calorific value higher than the 
initial waste. Hence those materials are subjected to incineration with energy recovery. 

Thus it could be destined for incineration with energy recovery the fraction of garbage collected in 
mass, which after mechanical separation process has not been recycled. 

After the incineration plant with energy recovery obtains electricity and heat, and slag and ashes as 
remaining part of the initial waste. The slag is susceptible of going under a recycling process, while 
the ashes will be deposited in a landfill. The ashes must become inert before the landfilling. The 
ashes and slag represented respectively 4-4,5% and 18-20% of the weight of the waste that goes into 
the incineration plant in the first moment. [25]. 

In the Figure 44 a simple diagram of the new waste treatment system is shown. 

 
Figure 44. Diagram of the propose waste treatment process 

7.1.2 Treated waste amount 

According to Table 12 in the appendix, the mass collected waste in the autonomous community of 
the Basque Country is: 

𝐻𝑊 + 𝐼𝐶𝐼𝑊 = 683.363 𝑡 + 180.260 𝑡 = 826.643  𝑡𝑜𝑛𝑠 

If the total waste that is already incinerated is subtracted from this amount, it results the amount of 
waste available for the new incineration plants: 

826.643 𝑡 − 𝑖𝑛𝑐𝑖𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 826.643 𝑡 − 181.610 𝑡 = 645.033 𝑡𝑜𝑛𝑠 

                                                            

15 These systems enable the recovery of materials contained within and the stabilization of the biodegradable 
component of the material. 
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When two new incineration plants with a capacity of 230 000-250 000 tons are installed the amount 
left for landfilling will be: 

645.033𝑛 𝑡 − 2 ∗ 230.000 = 185.033 𝑡𝑜𝑛𝑠 

This 185 033 tons represent 28.7 %of the initial total amount sent to landfilling. But, it has to be take 
into account that the objective of all the provinces in their plans is to minimize or do zero the amount 
of primary waste that goes to landfills by the year 2016. That means, that with the increasing amount 
of waste collected selectivily, two incineration plants may be enough and the only waste sent to 
landfills will be the ashes. 

7.2 Improvements in the energy system 

Two incineration plants, similar to the one that already exists in the region (Zabalgarbi), will take care 
of 460 000-500 000 tons of urban waste. If they have at least the same characteristics of Zabalgarbi, 
they will replace 88 000 toe per year of primary energy and will reduce the emissions of carbon 
dioxide to the atmosphere 880 000 t per year16 

In other words, the domestic energy production will change from 420 ktoe to 508 ktoe, which means 
an increase of 40%. In addition, the energy self sufficient rate will change from 5.4 % to 6.53 %.  

Regarding to the CO2 emissions that are displaced, the emissions of the autonomous community of 
the Basque Country will be reduced in 3.46 %, helping the region achieving its aims for Kyoto. 

Finally, it has to be emphasized that this new installations help the region to decrease the use of 
landfills, which consume useful soil with no productive proposes. 

 

                                                            

16 If we assume that energy generated displaces emissions which would otherwise be generated in 
conventional thermal power stations 
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8 Discussion and conclusions 

This chapter gives a reply to the purpose of the thesis, answering the questions at the issue stated at 
the beginning of the thesis with the support of the results achieved. Then, some conclusion and 
discussion will be carried on. 

8.1 Answer to purpose 

As a reminder, the aim of this thesis is “…to study the energy system of the autonomous community 
of the Basque Country. Understanding the present situation could help to propose new alternatives 
that makes this region less dependent from the exterior, and more sustainable”. 

Is the autonomous community of the Basque Country less dependent? 

The autonomous community of the Basque Country is a region with high energy dependency as it has 
been explained throughout this thesis. It has one of the highest rates of all European community (see 
Figure 4) with a 95.1% of energy dependency rate, only below countries like Luxembourg, Malta and 
Cyprus. 

The main aim of this thesis is to find a way of making the region less energy dependent. 88 000 toe of 
primary energy will be replaced with the proposal of two new incineration plants. 

In terms of energy self sufficient rate that means, it will change from 5.4 % to 6.53%; and in terms of 
energy dependency rate, that means an improvement from 95.1 % to 93.47 %. 

The new rate is still among the highest rates, but an increase of over 1.5 points is great beginning of 
reducing the energy dependency only with one measure. 

Is the autonomous community of the Basque Country more sustainable? 

The next issue is to make the energy system more sustainable. As it has been explained in the 
introduction, over 90% of the energy production in the autonomous community of the Basque 
Country comes from renewable energy. 

Someone might think looking at those results, that the energy system of the region is built in a 
sustainable way. But if we look at the total energy supply, renewable energy only represented a 5% 
as it can be seen in the Figure 45. While 80% of the energy supply of the region corresponds to 
petroleum and natural gas, 41% and 39% respectively. 
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Figure 45. Energy supply distribution of the autonomous community of the Basque Country in 2007. 
Source: Based on [4] 

The introduction of two new incineration plants is not going to change a lot this image, the 
replacement of 88 ktoe of energy represents almost nothing of the 7774 ktoe of gross inland energy 
consumption. 

However, regarding to the reduction of carbon dioxide emissions the amount decreased is 880 000 t 
per year. Indeed it is not too much, but it will help the region reducing the emissions by 3.46% on 
2005 emissions. That means a step forward in the compromise of the Kyoto protocol. 

8.2 Other conclusions 

Regarding to the energy balance 

The autonomous community of the Basque Country has high energy consumption. In 2007 gross 
inland energy consumption amounted 7774 ktoe of which 5746 was for final energy consumption. As 
it has been explained throughout this work it is characterized by a strong dependency of fossil fuels. 
41 % of the gross inland consumption was petroleum and its derivatives and 39 % natural gas. 

The greatest demand for petroleum and its derivatives comes from the transport sector, especially 
from road transport which represents almost 80% of total supply of it. That represents a huge 
amount, 1900 ktoe, and institutions must do something to reduce this high consumption, but this 
issue is out of this thesis. 

It is also something to be worried about the high dependency from natural gas that the autonomous 
community of the Basque Country has developed in the last decade. In 2001 the gross inland natural 
gas consumption was of 1444.4 ktoe while this value increased to 3047 ktoe in 2007. This means that 
in 7 years the natural gas consumption has doubled. Although in year 2001 natural gas only 
represented 22% of the gross inland consumption (see Figure 46), nowadays it represents 39% (see 
Figure 45). 
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Figure 46. Energy supply distribution of the autonomous community of the Basque Country in 2001. 
Source: Based on [4] 

This increase is due the institutional support to power plants run by natural gas, in an effort to 
decrease the electricity dependency. In one of the latest study about the energy dependency of the 
Basque Country of Gorka Bueno, a professor at the University of the Basque Country, stated that 
there is no country with such a big dependency on the world. Only countries like Uzbekistan, 
Bangladesh or Algeria had such big natural gas consumption. [30] I agree with him that those 
countries are not the model to follow and the Basque institutions must reconsider their planning. 

It is necessary to strengthen energy efficiency policies, promote the widespread use of renewable 
energy and secure supplies of all types of energy in an economic way and in good conditions of, 
quality and continuity. All this is necessary to meet future energy needs of the autonomous 
community of the Basque Country. 

Regarding to renewable energy 

Achieving 978 000 toe of renewable energy was between the energetic objectives of the Basque 
government for 2010 [10], with the aim of covering the 12% of the energy demand with them. In the 
year 2007 the renewable energy amounted 400 000 toe, far away from the objectives settled by the 
administration. 

A lot of work has been done in that area, but the numbers show that there is still a lot of work to do. 
Research, development and innovation are the key words for the future. The Basque government has 
to introduce these into measures, introducing incentives through taxes, laws and so on. 
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Regarding to waste management 

It has to be mentioned the bad planning that the Basque institutions has made regarding to this 
issue. There must be a reason for this! It is better to explain the why of the late planing 

It is important to highlight the plight that crosses the province of Gipuzkoa regarding to waste 
management. Nowadays there are three landfills active, but they were designed for closing this year, 
2009. Moreover, the landfill San Marcos, that was supposed to be closed on 2006, was finally closed 
the 13th October 2008 due to political issues. In addition, they were late planning the new scenario, 
agreeing an incineration plant in the province the 5th June 2008, which means that it would take 
around 5 years for having the new plant in operation. Meanwhile, the waste is going to be absorbed 
by the remaining landfills (in Gipuzkoa and Bizkaia). This is a good example of how a bad planning can 
compromise the rest of the region. 

The public fear for an incineration plant has conditioned strategic decisions, and now it will take time 
and money to rearrange everything. Countries like Sweden, where landfilled is banned, has been 
incinerating their waste for long time with any consequence proved by any study. 

It is obvious that the first solution for waste is to produce less, and to achieve that the society must 
be aware of that. But for the rest of the waste that is still generated (and as it has been made clear in 
that work this amount is increasing year by year) a solution is required. Recycling is the solution, but 
is not always possible, so for this garbage left another kind of way out must be thought. That is what 
the proposal of this thesis is about, since landfilling is not an acceptable solution. 

Landfilling consumes useful land for other activities such as agriculture or places for living. I do not 
think that a small region like the autonomous community of the Basque Country can afford to waste 
this useful land. 
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Appendix 

GLOSARY 

ALL PETROLEUM PRODUCTS: All petroleum products cover LPG, refinery gas, motor spirit, kerosenes, 
gasoline type jet fuels, kerosene type jet fuels, naphtha, gas/diesel oil, residual fuel oil, white spirit, 
lubricants, bitumen, petroleum coke and other petroleum products. All petroleum products is the 
sum of LPG & refinery gas, motor spirit, kerosenes - jet fuels, naphtha, gas/diesel oil, residual fuel oil 
and miscellaneous petroleum products. 

BUNKERS: Bunkers cover the quantities delivered to sea-going vessels of all flags. Vessels engaged in 
inland and coastal water transport are not included. Aviation bunkers are not included here, but in 
the final energy consumption of transport. 

CONSUMPTION OF THE ENERGY SECTOR: The consumption of the energy sector covers the 
consumption of own-produced energy and of energy purchased by energy producers and 
transformers in operating their installations. 

DERIVED PRODUCTS: All energy commodities which are produced from primary sources in 
transformation plants are called derived products. 

DIOXIN: is the term used to refer to polychlorinated dibenzo-p-dioxins (PCDDs) and poly chlorinated 
dibenzofurans (PCDFs). 

DISTRIBUTION LOSSES: Distribution losses consist of losses due to transport or distribution of 
electrical energy, heat, natural gas and derived gases. 

ELECTRICAL ENERGY: Electrical energy covers electricity generated in all types of power plants (e.g. 
in nuclear, thermal, hydro, wind, photovoltaic or other plants) to be distributed to consumers 
through the grid or consumed locally. 

ENERGY AVAILABLE FOR FINAL CONSUMPTION: Energy available for final consumption covers the 
energy placed at the disposal of final users. This code is calculated as follows: gross inland 
consumption + transformation output - transformation input + exchanges, transfers, returns - 
consumption of the energy sector - distribution losses. 

ENERGY CONSUMPTION BY AIR TRANSPORT: Final energy consumed by aircraft for propulsion, 
power and heating. 

ENERGY CONSUMPTION BY ROAD TRANSPORT: Final energy consumed by road motor vehicles. 
Note: This includes final energy consumed by unloaded road vehicles. 

ENERGY CONSUMPTION BY RAIL TRANSPORT: Final energy consumed by tractive vehicles for 
traction, train services and facilities (heating, air conditioning, lighting…). 

ENERGY CONSUMPTION BY SHIPS: Final energy consumption by ships. Note: This includes final 
energy consumption by unladen ships. 
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ENERGY DEPENDENCY RATE: The energy dependency rate is defined as net imports divided by gross 
consumption, expressed as a percentage. A negative dependency rate indicates a net exporter of 
energy. A dependency rate in excess of 100 % indicates that energy products have been stocked. 

ENERGY RECOVERY: the process by which the energy contained in waste is used. 

FINAL ENERGY CONSUMPTION: Final energy consumption covers energy supplied to the final 
consumer's door for all energy uses. It is the sum of final energy consumption - industry, final energy 
consumption - transport and final energy consumption - household, commerce etc. 

FINAL ENERGY CONSUMPTION – AGRICULTURE: Final energy consumption - agriculture consists of 
quantities consumed by agriculture, including engines used for agricultural transportation. 

FINAL ENERGY CONSUMPTION – FISHERIES: Final energy consumption - fisheries consists of 
quantities consumed by the fishing industry, excluding fishing on the high seas which is included 
under bunkers. 

FINAL ENERGY CONSUMPTION – HOUSEHOLDS: Final energy consumption - households covers 
quantities consumed by households, excluding the consumption of motor fuels for personal 
transport, since they are included under Final energy consumption - road transport. Household 
consumption covers all use of electricity and use of fuels used for space and water heating. 

FINAL ENERGY CONSUMPTION – INDUSTRY: Final energy consumption - industry covers the 
consumption in all industrial sectors with the exception of the "Energy sector". The fuel quantities 
transformed in the electrical power stations of industrial autoproducers and the quantities of coke 
transformed into blast-furnace gas are not entered under overall industrial consumption but under 
transformation input. 

FINAL ENERGY CONSUMPTION – SERVICES: Final energy consumption - services consists of 
consumption of public administration and private services. 

FINAL ENERGY CONSUMPTION - TRANSPORT : Final energy consumption - transport covers the 
consumption in all types of transportation, i.e., rail, road, air transport and inland navigation. 

FINAL NON-ENERGY CONSUMPTION: Final non-energy consumption covers the use of energy 
products for non-energy purposes. It is the sum of final non-energy consumption in the chemical 
industry and in non-chemical industries. 

GREY LINE: electronic equipment like computers, keyboards, mobile phones… 

GROSS CONSUMPTION: Gross consumption is equal to gross inland consumption plus the energy 
(oil) supplied to international marine bunkers. 

GROSS INLAND CONSUMPTION: Gross inland consumption represents the quantity of energy 
necessary to satisfy inland consumption of the geographical entity under consideration. 

Gross inland consumption is calculated as follows: primary production + recovered products + total 
imports + variations of stocks - total exports - bunkers. It corresponds to the addition of 
consumption, distribution losses, transformation losses and statistical differences. 
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The difference between gross inland consumption and gross consumption is that in gross 
consumption the transformation output is included. Therefore, gross consumption is a product-
specific consumption and does not express the demand for primary energy. 

HOUSEHOLD WASTE (HW): is the waste generated in private homes. 

INCINERATION WITH ENERGY RECOVERY: the combustion process by which it is used the energy 
contained in waste. 

INSTITUTIONAL AND COMMERCIAL WASTE, AND INDUSTRIAL WASTE SIMILAR TO URBAN WASTE 
(ICIW): is the waste generated by stores, offices and services as well as those who do not qualify as 
dangerous and that by its nature or composition is similar to those produced in previous locations or 
activities. 

NATURAL GAS: Natural gas comprises gases occurring in underground deposits, whether liquefied or 
gaseous, consisting mainly of methane. Natural gas includes "non-associated" gas originating from 
fields producing hydrocarbons only in gaseous form and "associated" gas produced in association 
with crude oil, as well as methane recovered from coal mines (colliery gas). Dry marketable 
production, measured after purification and extraction of NGLs and sulphur is considered as primary 
production. It does not include quantities re-injected, extraction losses, or quantities vented and 
flared. It includes quantities used within the natural gas industry, in gas extraction, pipeline systems 
and processing plants. 

PETROLEUM PRODUCTS: Primary production covers natural gasoline and other products obtained on 
production, purification and stabilization of natural gas and which can be consumed without refining. 
By definition the production of refineries is not primary production. 

PRIMARY ENERGY: Energy commodities extracted or captured directly from natural resources are 
called primary energy sources. Primary production is the sum of energy extraction, heat produced in 
reactors as a result of nuclear fission, and the use of renewable energy sources. 

RECYCLING: recovery of waste into products, materials or substances, whether for the original 
purpose or for another. It does not include energy recovery. 

RENEWABLE ENERGIES: Renewable energies cover hydro power, wind energy, solar energy, biomass 
and wastes and geothermal energy. Renewable energies  are the sum of hydro power, wind energy, 
solar energy, biomass & wastes and geothermal energy. 

SOLID FUELS: Solid fuels cover solid fossil fuels such as hard coal, coal patent fuels, coke, lignite, 
brown-coal briquettes, peat, peat briquettes, tar and benzol. 

STOCK CHANGES: Stock changes cover the difference between the existing quantities of fuels 
stocked by the producers, importers, distributors, transformers and large industrial consumers at the 
beginning and the end of the period under consideration. A positive figure indicates reductions in 
stock and thus an increase in available energy, whereas a negative figure indicates an increase in 
stocks and thus a decrease in energy available for consumption. 

For natural gas, variations of stocks represent also the quantities of gas introduced into and removed 
from the transportation systems. 
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THE GROSS INLAND CONSUMPTION: The gross inland consumption covers consumption by the 
energy branch itself, distribution and transformation losses, and final non-energy and energy 
consumption.  

TOTAL EXPORTS: Exports represent all quantities leaving the national territory excluding transit 
quantities (notably via gas and oil pipelines).  

Data on exports are generally taken from exporters' declarations; accordingly, they may differ from 
the data collected by the customs authorities and included in the foreign-trade statistics. 

In the case of crude oil and petroleum products, exports represent the quantities delivered to the 
national territory of foreign countries and, in particular, those quantities: 

(i) destined for treatment in other countries; 

(ii) only exported on a temporary basis; 

(iii) exported and deposited in uncleared bonded warehouses; 

(iv) exported and placed in special warehouses in foreign countries; 

(v) exported to regions and/or territories overseas under national sovereignity; 

(vi) re-exported after treatment or transformation; 

(vii) supplied to national or foreign troops stationed abroad (in so far as secrecy permits this). 

TOTAL IMPORTS: Imports represent all entries into the national territory excluding transit quantities 
(notably via gas and oil pipelines). Data on imports are generally taken from importers' declarations; 
accordingly, they may differ from the data collected by the customs authorities and included in the 
foreign-trade statistics. 

In the case of crude oil and petroleum products, imports represent the quantities delivered to the 
national territory and, in particular, those quantities: 

(i) destined for treatment on behalf of foreign countries; 

(ii) only imported on a temporary basis; 

(iii) imported and deposited in uncleared bonded warehouses; 

(iv) imported and placed in special warehouses on behalf of foreign countries; 

(v) imported from regions and/or territories overseas under national sovereignty. 

TRANSFORMATION INPUT: Transformation input covers all inputs into the transformation plants 
destined to be converted into derived products. Transformation is only recorded when the energy 
products are physically or chemically modified to produce other energy products, electricity and/or 
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heat. This code is the sum of Input to conventional thermal power stationsInput to nuclear power 
stations, Input to patent fuel & briquetting plants, Input to coke-oven plants, Input to blast furnace 
plants, Input to gas-works, Input to refineries and Input to district heating plants. 

TRANSFORMATION OUTPUT: Transformation output is the result of the transformation process of 
energy. This output covers derived products, namely: patent fuel, coke, brown-coal and peat 
briquettes, pitch, tar, benzol, refined petroleum products, derived gases, electricity from 
conventional thermal and nuclear power stations and derived heat. Transformation output refers 
always to gross production of derived products, i.e. the own consumption of the transformation 
plants is included. This code is the sum of Output from conventional thermal power stations, Output 
from nuclear power stations, Output from patent fuel & briquetting plants, Output from coke-oven 
plants, Output from blast furnace plants, Output from gas-works, Output from refineries and Output 
from district heating plants. 

The difference between transformation input and transformation output constitutes transformation 
losses. 

URBAN WASTE (UW): is the waste generated in homes, shops, offices and services as well as those 
who do not qualify as dangerous and that by its nature or composition are similar to those produced 
in previous locations or activities. 
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Table 8. Energy balance in the autonomous community of the Basque Country in 2007. Source: [5] 

in ktoe SOLID FUELS 
PETROLEUM 

AND 
DERIVATIVES 

NATURAL 
GAS 

DERIVED 
ENERGY 

RENEWABLE 
ENERGY 

ELECTRIC 
ENERGY 

TOTAL 

PRIMARY ENERGY PRODUCTION 0 7 0 22 391 0 420 

TOTAL IMPORTS 456 9825 3468 0 21 689 14459 

STOCK CHANGES 0 -277 60 0 0 0 -217 

TOTAL EXPORTS 0 6328 481 0 12 0 6821 

BUNKERS 0 67 0 0 0 0 67 

AVAILABLE FOR GROSS INLAND CONSUMPTION 456 3160 3047 22 400 689 7774 

TRANSFORMATION INPUT 417 9715 1687 34 55 0 11908 

Thermoelectric power 334 15 1291 0 23 0 1663 

Cogeneration 0 55 395 34 32 0 516 

Coking 83 7 0 0 0 0 90 

Refineries 0 9638 0 0 0 0 9638 

TRANSFORMATION OUTPUT 83 9460 0 203 0 1025 10771 

Thermoelectric power 0 0 0 0 0 824 824 

Cogeneration 0 0 0 175 0 201 376 

Coking 83 0 0 28 0 0 111 

Refineries 0 9460 0 0 0 0 9460 

EXCHANGES 0 0 0 0 -58 58 0 

ENERGY SECTOR CONSUMPTION 0 491 81 55 0 64 691 

TRANSMISSION AND DISTRIBUTION LOSSES 0 0 0 0 0 59 59 

AVAILABLE FOR FINAL CONSUMPTION 122 2413 1279 137 286 1650 5887 

FINAL NON-ENERGY CONSUMPTION 0 141 0 0 0 0 141 

FINAL ENERGY CONSUMPTION 122 2272 1279 137 286 1650 5746 

TOTAL INDUSTRY 122 103 971 125 231 1091 2643 

TOTAL TRANSPORT 0 1966 0 0 25 17 2008 

Rail transport 0 0 0 0 0 17 17 

Road transport 0 1875 0 0 25 0 1900 

Air transport 0 82 0 0 0 0 82 

Ships 0 10 0 0 0 0 10 

AGRICULTURE AND FISHERIES  0 87 0 5 0 5 97 

SERVICES 0 31 90 7 1 293 422 

RESIDENTIAL 0 85 218 0 30 244 577 
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Table 9. Energy balance in the autonomous community of the Basque Country in 2001. Source: [2] 

in ktoe SOLID FUELS 
PETROLEUM 

AND 
DERIVATIVES 

NATURAL 
GAS 

DERIVED 
ENERGY 

RENEWABLE 
ENERGY 

ELECTRIC 
ENERGY 

TOTAL 

PRIMARY ENERGY PRODUCTION 0 13.2 2.4 56.2 264.3 0 336.1 

TOTAL IMPORTS 436.4 10416.5 1442 0 0 1121.6 13416.5 

STOCK CHANGES 0 71.2 0 0 0 0 71.2 

TOTAL EXPORTS 0.9 7136.7 0 0 0 0 7137.6 

BUNKERS 0 47.5 0 0 0 0 47.5 

AVAILABLE FOR GROSS INLAND CONSUMPTION 435.5 3316.7 1444.4 56.2 264.3 1121.6 6638.7 

TRANSFORMATION INPUT 338.2 9832.9 305.4 25 27.5 0 10529 

Thermoelectric power 246.7 175.2 62.4 0 23 0 507.3 

Cogeneration 0 123.9 243 25 22.5 0 414.4 

Coking 91.6 4.6 0 0 0 0 96.2 

Refineries 0 9529.2 0 0 0 0 9529.2 

TRANSFORMATION OUTPUT 79.9 9077.2 0 164.5 0 331.9 9653.5 

Thermoelectric power 0 0 0 0 0 181.8 181.8 

Cogeneration 0 0 0 149.3 0 141.8 291.1 

Coking 79.9 0 0 14.7 0 0 94.6 

Refineries 0 9077.2 0 0 0 6.7 9083.9 

EXCHANGES 0 0 0 0 -39.7 39.7 0 

ENERGY SECTOR CONSUMPTION 0 533 0.1 65 0 36.8 634.9 

TRANSMISSION AND DISTRIBUTION LOSSES 0 10.3 0 0 0 50.7 61 

AVAILABLE FOR FINAL CONSUMPTION 177.1 2017.6 1138.9 130.8 197.1 1405.7 5067.2 

FINAL NON-ENERGY CONSUMPTION 0 25 0 0 0 0 25 

FINAL ENERGY CONSUMPTION 177.1 1992.6 1138.9 130.8 197.1 1405.7 5042.2 

TOTAL INDUSTRY 176.5 121.1 897.2 124.2 167.4 963.2 2449.6 

TOTAL TRANSPORT 0 1528.7 0 0 0 18.4 1547.1 

Rail transport 0 0 0 0 0 18.4 18.4 

Road transport 0 1448.2 0 0 0 0 1448.2 

Air transport 0 55.6 0 0 0 0 55.6 

Ships 0 24.9 0 0 0 0 24.9 

AGRICULTURE AND FISHERIES  0 148.9 0 1 0 2.9 152.8 

SERVICES 0 49.9 83.8 5.6 0.1 216.8 356.2 

RESIDENTIAL 0 144.2 158 0 29.6 204.3 536.7 
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Possible wind power installations 

 

Able to 
install 
(MW) 

Annual 
production 

(GWh) 

Rejected 
power 
(MW) 

Rejected 
production 

(GWh) 

Allowable 
power 
(MW) 

Allowable 
production 

(GWh) 

Aloña 23.8 66.3 23.8 66.3 0 0 

Aralar 38.9 108.6 38.9 108.6 0 0 

Arcena 21.8 53.7 21.8 53.7 0 0 

Arkamo 46.2 117.2 3.3 8.4 42.9 108.8 

Badaia 90.4 209.1 19.8 45.8 70.6 163.3 

Bianditz 28.9 92.2 15.2 36 13.7 56.2 

Bitigarra 45.5 105 45.5 105 0 0 

Codes 24.4 72.3 24.4 72.3 0 0 

Cruz de 
Alda-Arlaba 26.4 65.4 3 9.8 23.4 55.6 

Elgea-Urkilla 
110.2 360.4 52.8 172.6 57.4 187.8 

Entzia 60.1 138.5 60.1 138.5 0 0 

Ernio 20.5 47 20.5 47 0 0 

Ganekogorta 
31.7 79.1 18.5 46.2 13.2 32.9 

Gazume 11.2 28 0 0 11.2 28 

Irukurutzeta 
25.1 57.6 25.1 57.6 0 0 

Izarraitz 16.5 35.8 16.5 35.8 0 0 

Kapildui 38.3 88.3 21.8 50.2 16.5 38.1 

Kolometa 109.6 321 68.6 201.1 41 119.9 

Mandoegi 25.7 55.7 0 0 25.7 55.7 

Montes de 
Iturrieta 46.9 104.8 16.5 36.9 30.4 67.9 

Montes de 
Vitoria 7.9 20.2 7.9 20.2 0 0 

Oiz 23.1 66.7 0 0 23.1 66.7 

Ordunte 60.1 168.5 20.5 57.4 39.6 111.1 

Palogan 11.9 26.4 11.9 26.4 0 0 

Salbada 56.8 128.5 56.8 128.5 0 0 

Toloño-
Cantabria 107.6 279.6 107.6 279.6 0 0 

Urkiola 25.7 65.3 25.7 65.3 0 0 

Valderejo 98.3 228.1 98.3 228.1 0 0 
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Zamiño-
Izaspi 30.4 66.1 30.4 66.1 0 0 

TOTAL 1263.9 3255.4 855.2 2163.4 408.7 1092 

Percentage from the power able to install 32.34% 33.54% 

Table 10. Source: Based on[24]  
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Collection and management of urban waste (tons) of the autonomous 
community of Basque Country in 2005 

Generation of HW (t 
/year) 

Generati
on (t) 

Generation per 
capita 
(kg/hab/year) 

Generation of ICIW 
(t/year) 

Generatio
n (t) 

Generation per 
capita 
(kg/hab/year) 

TOTAL COLLECTED MASS 683363 320 TOTAL COLLECTED MASS 143280 67.1 

Landfill 506754 237.2 Markets 1837 0.9 
Incineration 

181610 85 
Street cleaning (including 
dead animals and 
beaches) 

8157 3.8 

 
  

Industrial mix 103066 48.2 
 

  
Other residues similar to 
urban 

30220 14.1 

TOTAL SELECTIVELY 
COLLECTED  

180260 84 
TOTAL SELECTIVELY 
COLLECTED 

153895 72 

Glass 44700 20.9 Paper-card 123841 58 
Paper-card 

70392 32.9 
Pruning waste, branches 
and grasses 

4159 1.9 

Light packaging 23471 11 Gardening 18500 8.7 
Electrical appliances 3692 1.7 Plastics 2985 1.4 
Wood 12322 5.8 Batteries 1681 0.8 
Metals 5565 2.6 Metals 1029 0.5 
Textiles 3069 1.4 Glass(catering) 1623 0.8 
Edible oils and fats 2245 1.1 Grey line 23 0.01 
Household hazardous 
waste 

576 0.3 
Fluorescents 

49 0.02 

Batteries 601 0.3  
  

Medicaments 1 0.0005  
  

Fluorescents 4 0.002  
  

Bulky waste 11864 5.6  
  

Plastics 1671 0.8  
  

Gardening 376 0.2  
  

TOTAL HW 868624 406.5 TOTAL ICIW 297175 139.1 
Percentage of selectively 
collected HW 

20.80% 
Percentage of selectively 
collected ICIW 

51.80% 

   TOTAL URBAN WASTE  1165799 545.6 
   Percentage of selectively 

collected UW 
28.70% 

Table 11. Collection and management of urban waste (tons) of the autonomous community of Basque 
Country in 2005. Source: Modified from [22] 

Abbreviations used in the table:  

HW: Household Waste 
ICIW: Institutional and Commercial waste, and Industrial Waste similar to urban waste. 
UW: Urban Waste 
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Composition of the generation, recycling, landfilling and incineration of urban waste in the Basque Country 
(2005)  

 GENERATION RECYCLING LANDFILLING INCINERATION 
 t Kg/hab/year t % Kg/hab/year t % Kg/hab/year t % Kg/hab/year 

Putrescent 
organic matter 

403.413 189 23.035 5,7% 11 297.313 73,7% 139 83.065 20,6% 39 

Paper and card 382.787 179 194.233 50,7% 91 147.379 38,5% 69 41.175 10,8% 19 
Leather and 
textiles 

26.059 12 5.314 15,8% 2 16.215 62,2% 8 4.530 17,4% 2 

Wood 45.228 21 12.322 78,6% 6 25.720 56,9% 12 7.186 15,9% 3 

Total 
biodegradable 

857.487 401 234.904 27,4% 110 486.627 56,8% 228 135.956 15,9% 63 

Glass 91.227 43 46.323 50,8% 22 35.098 38,5% 16 9.806 10,7% 5 
Light plastic 
packaging 

107.091 50 

23.471 15,8% 11 

65.359 61,0% 31 18.260 17,1% 9 

Light metallic 
packaging 

25.103 12 19.621 78,2% 9 5.482 21,8% 3 

Other packaging 15.896 7 12.425 78,2% 6 3.471 21,8% 2 
Other plastics 21.642 10 4.656 21,5% 2 13.276 61,3% 6 3.709 17,1% 2 
Other metals 5.633 3 -   -   -   
Electrical 
appliances 

12.609 6 3.720 29,5% 2 6.948 55,1% 3 1.941 15,4% 1 

Hazardous waste 4.336 2 2.306 53,2% 1 1.587 36,6% 1 443 10,2% 0 
Inert waste 24.776 12 11.864 47,9% 6 10.093 40,7% 5 2.820 11,4% 1 

Total non 
biodegradable 

308.313 144 99.251 32,2% 46 163.408 53,0% 76 45.654 14,8% 21 

TOTAL URBAN 
WASTE 

1.165.799 546 334.155 28,7% 156 650.034 55,8% 304 181.610 15,6% 85 

Table 12. Composition of urban waste in the autonomous community of the Basque Country (2005). Source: Modified from [22] 
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CO2 emissions in the autonomous community of the Basque Country 1990-2006 

 EMISSIONS OF BASE YEAR 1990 EMISSIONS 2006  

 MTm CO2e MTm CO2e  

Sectors Total CO2 CH4 N2O Fluorinated Total CO2 CH4 N2O Fluorinated 
Increased 
in % of 
CO2e 

Energy 2,90 2,83 0,07 0,01 0,00 8,67 8,55 0,11 0,02 0,00 198.97% 

Industry 7,30 6,02 0,01 0,35 0,92 4,97 4,15 0,01 0,16 0,65 -31.92% 

Transport 2,72 2,70 0,01 0,01 0,01 5,67 5,62 0,01 0,02 0,02 108.46% 

Residential 0,63 0,61 0,01 0,00 0,00 0,77 0,75 0,01 0,00 0,01 22.22% 

Services 0,20 0,20 0,00 0,00 0,00 0,35 0,31 0,00 0,00 0,04 75.00% 

Agriculture 1,11 0,28 0,47 0,36 0,00 1,23 0,52 0,37 0,34 0,00 10.81% 

Waste 1,18 0,00 1,18 0,00 0,00 1,30 0,08 1,21 0,00 0,00 10.17% 

External power generation 4,90 4,90    2,56     -47.76% 

TOTAL EMISIONS 20,94 17,54 1,75 0,75 0,93 25,52 19,98 1,73 0,54 0,72 21.87% 

Table 13. CO2 emissions in the autonomous community of the Basque Country 1990-2006. Source: Modified from [9] 
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Waste treatment plants in the autonomous community of the Basque 
Country 

TREATMENT INFRASTRUCTURE LOCATION No NOTE 
EXITS 
/NEW 

Recycling 
Classification of 
waste packaging 

Autonomous 
community of 

the Basque 
Country 

4 

1. Plant in Amorebieta 
(Bizkaia)- 13.000 tons 
2. Plant in Urnieta 
(Gipuzkoa)- 10.000 tons 
3. Plant in Legazpi 
(Gipuzkoa)- 3.000 tons 
4. Plant in Jundiz (Araba)- 
10.000 tons 

E 

Recycling 

Recycling plant of 
the film from 
yellow container 
 

Bizkaia 1 8000 t E 

Recovery-
Reuse 

Treatment plant of 
bulky waste 

Bizkaia 1 

Capacity for treating 
electrical appliances, as well 
as urban and industrial 
waste. 
424.000 tons 

E 

Recovery- 
Reuse 

Treatment plant of 
bulky waste and 
textiles 

Gipuzkoa 1 
Includes spaces for fixing 
obejct 

E 

Compost Compost plant Araba Several   

Compost Compost plant Bizkaia 
1 or 

more 
32.463-36.277 tons N 

Compost Compost plant Gipuzkoa 3 53.429 tons N 
Mechanical-
biological 
treatment 

Mechanical-
biological 
treatment 

Bizkaia 1 141.061-183814 tons N 

Mechanical-
biological 
treatment 

Mechanical-
biological 
treatment 

Araba 1 

Line for aerobic digestion 
from waste collected in mass 
(approx. 62,000 t). 
Biomethanisation line from 
the fine fraction of the waste 
mass (40,000 t) 

E 

Incineration 
with energy 
recovery 

Incineration with 
energy recovery 

Bizkaia 1 
Zabalgarbi 
424.079-464.799 t 

E 

Incineration 
with energy 
recovery 

Incineration with 
energy recovery 

Gipuzkoa 1 Planning to build N 

Table 14. Waste treatment facilities existing and planned of the autonomous community of the 
Basque Country. Source: Modified from [22] 
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New energy situation after the proposals 

New domestic energy production 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝑎𝑐𝑡𝑢𝑎𝑙 + 𝑖𝑛𝑐𝑖𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑙𝑎𝑛𝑡𝑠 = 420 + 88 = 508 𝑘𝑡𝑜𝑒 

New energy self sufficient rate 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑒𝑙𝑓 𝑠𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 =
508

7774
∗ 100 = 6.53 % 


