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Abstract 
 

Economic development is often related to energy access to a certain society or in a specific 

region. This need is even more observed in the Basque Economy that is based on high 

energy intensive industries. The Basque Country energy system has various problems 

derived from fossil fuels being the main energy source in the country. Industry and 

households are dependent on natural gas while transport is heavily dependent on oil 

products. This dependence on fossil fuels for the Basque Country as a non-oil-producing 

country implies a security issue of the import and environmental problems associated with 

greenhouse gas emissions.         

This report aims to study the energy system of the Basque Country and build different 

scenarios based on the Basque Government policies and projections. In this report an 

energy model, using the long-range Energy Alternatives planning System LEAP as a tool, 

is developed and presented to help the policy makers to understand the implication of 

different policies over time.  

While the government policies show a reduction of energy consumption in a targeted 

sector, the integration of these measures in one scenario shows how they interact, influence 

or change each other, given a more precise picture about energy consumption and power 

generation in the country.   

Energy modeling is a complex task as there are many players involved; energy, cost, 

economy and externalities. It is important to satisfy the energy demand, minimizing costs 

while respecting the environment. To address some of the environmental issues, life cycle 

assessment is used to account for all CO2 emissions.      
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1. Introduction  

1.1 Context of the Industrial Placement  
 

During the last semester of its two-year program, the European Joint Masters in 

Management and Engineering of Environment and Energy gives the opportunity to the 

students to engage themselves into a working environment, where knowledge acquired in 

energy and environmental process engineering, and social skills and managerial 

competencies developed during the course, are applied to solve environmental problems 

and to address energy challenges.  

Towards the completion of ME3 curriculum, a six-month internship is carried out in Energy 

and Environment Division of Tecnalia Research and Innovation. The context of the 

internship is Energy Modeling of low carbon scenarios of the Basque Country energy 

system, integrating Life Cycle Assessment for the energy technologies. 

Working on low carbon energy scenarios for the Basque Country is in time and of a special 

importance for Tecnalia, as security of supply and competitiveness of the energy intensive 

industrial sector are crucial challenges for the near future. There is also a link between 

country wide scenarios and ongoing work at city level, where Tecnalia is working on 

development and implementation of “smart cities plans”, involving the use of more detailed 

data to define strategies to improve energy system and reduce energy use within each city. 

On the road to a low carbon target in Europe by 2050, Tecnalia is also leading a new joint 

programme (JP e3s) within the European Energy Research Alliances (EERA), which 

focuses on the economic, environmental and social impacts of the energy policies and 

technologies evaluated from a Life Cycle perspective, and the inclusion of a life cycle 

perspective on the Basque Energy system modelling also links to this work.   

1.2 Structure of the Report  
 

This report started by introducing the issue of energy system in the Basque Country and 

what are the main target of this study. Then it highlights the context of the project; 

presenting the company and briefing about the underlying concepts. After that the historical 

energy use of the Basque Country is reviewed. A description of LEAP and methodology 

used is followed. Next, the results of sectorial energy use and future outlook of energy use 

are detailed. The report concludes by given a recommendation on how to proceed with the 

project and what are the main findings. Finally, insights gained on the experience on 

working on this project are given.     
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2. What is at Stake: The Important Role of Energy Model in the 

Basque County 
 

In the early 1980s, the Basque Country was affected by the preceding energy crisis 

accompanied the flourish in the world economy. This was particularly because the Basque 

Country economy is mainly based on the industrial sector with high energy-intensive 

industries (iron and steel, pulp and paper, cement..etc.). The limited generating capacity and 

low efficiency of energy consuming systems put the Basque Country in weak energy 

position.   

In a recent study by Eustat, a self-supply index for the Basque country is recorded at 5.8% 

compared to 56.2 % in the rest of European Union. This means that 94.2% (Eustat, 2000-

2012) of the energy in the region of the Basque country is imported, which is among the 

highest in EU
1
. Most of the energy consumed in the Basque Country is based on the fossil 

fuels, where more than of two-thirds of the imported commodities is oil products and a 

about a quarter for natural gas (Energia, 2007). This is not only impose a security of supply 

as oil prices are rising, as a consequence of rising demand in transport and upstream costs 

which directly affect the energy prices throughout the continent (IEA, 2011), but also 

associated emissions of GHGs.  

Basque Country is a region with a high density population (301habitant /km2)
2
and very few 

energy resources. In this region, barely any fossil fuels are extracted and the energy 

production is mainly based on the renewable resources. In general, about 60% of energy 

produced from renewables is biomass based while wind energy contributes of 30% of 

electricity generation in the country .According to the objectives set by European Union, by 

2020 the share of renewable should be 20% of total energy consumption. However, the 

share of renewables in total energy consumption is about 6.4%, which is far below target.  

These challenges, has reinforced the need for the Basque Country to have a sustainable 

energy model in to address the current and future energy needs through a secure supply, 

efficient systems and sustainable environment.  

 

 

 

 

 

 

 

                                                           
1
 EU average is  53.8%   

2
 The population density of Northern Europe and Southern Europe is 57.2 and 112.5 respectively by 2000 

according United Nations Document: World population to 2300   
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3. Objectives 
 

The aim of this internship is to prepare energy scenarios for the Basque Country for 

2020/2050, taking into account different low-carbon pathways and integrating a life-cycle 

perspective which includes not only the impact during the use and operation phase of 

energy systems, but also the impacts during the other life cycle phases (manufacturing, 

installation, end of life). The work undertaken during the internship can be divided into 

three main stages: 

1. To conduct literature review of the current energy system in the Basque Country 

  

2. To assess different long term scenarios and analyse possible technological pathways 

and their impacts on the energy system 

 

3. To do a simplified LCA with respect to primary energy and CO2 emissions ,in order to 

achieve a secure, environmentally and socially accepted energy model  

3.1      Research Questions  
 

1. How the current energy system in the Basque Country is characterized in terms of 

energy sources and sectorial energy consumption? Is the energy model sustainable ?  

 

2. What are the impacts of the current energy consumption practices in a timeframe of 10-

20 years on CO2 emissions and resources depletion?  

 

3. How the Basque government policies for 2020 targets influence the current energy 

trends? Would these policies embrace a positive change? 

 

4. What is the potential of renewables in the Basque Country? And to what extent they can 

be employed in the future power mix? 

 

5. Based on my research, why life cycle assessment on the Basque Country energy system 

is important? 
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3.2     Planning of the Project 
 

To reach the objectives of the internship, a number of tasks were identified to be performed 

in different time frames as shown in the following table: 

 

   Starting date of the internship, February 23
rd

  

   Delivery of the summary report   

 

 

 

w3 w4 w1 w2 w3 w4 w1 w2 w3 w4 w1 w2 w3 w4 w1 w2 w3 w4 w1 w2 w3 w4

1- Literature review of energy in the Basque Country 

Definition of the project and its objectives

Study of energy situation in the Basque Country 

2- Demand side data gathering and simulation in LEAP

Residential

Industry

Services
Primary

Transport

3- Energy supply data gathering and simulation in LEAP

Preparing list of data needed ( Electricity generation, Oil refining, other sectors)

Find the desagregation of the transformation for the Euskadi

Data gathering

4-Baseline Scenario – business as usual 

Residential

Industry

Services

Primary

Transport

Power Supply

5-Meeting Basque energy strategies and objectives 2020

Demand side scenarios

Supply side scenarios

Integration scenarios

6- Introducing transport scenarios 

Efficient Scenario

Electrification Scenario

Public Transport Scenario

7-Meeting EU GHG targets 2030, 2050 ( specific targets for Spain if available)

8-Integrating life cycle aspects (environmental, socioeconomic indicators, etc)

Introduction to Life cycle concepts

Methodology to integrate LCA with energy planning 

Posibility to integrate in LEAP

Posibilities to combine the result of LEAP with the result of the LCA

Selection of the indicators / functional unit / system boundaries

Environmental

socio-economic

Scenario development (job creation, etc.)

Impact assessment

Integration of results

June July

Time

April MayTasks February March

1

2
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4. Context of the internship  

4.1 Tecnalia: Presentation of the Host Company 

4.1.1 Origin and Expertise 

 

Tecnalia Research and Innovation (Tecnalia) is the first privately funded applied research 

and technological organisation in Spain and one of the leading such centres in Europe.  

Tecnalia is from the 1st January 2011, a research organisation resulting from the merger of 

eight research organizations ( Fundación Cidemco, Fundación ESI-European Software 

Institute, Fundación European Virtual Engineering, Fundación Fatronik, Fundación 

Inasmet, Fundación Labein, Fundación Leia and Fundación Robotiker ) and made up of 

personnel of 1,500 experts. With a team of experts from more than 27 nationalities present 

in 22 headquarters worldwide work to transform knowledge into GDP; Tecnalia is very 

active in the Seventh Framework Programme (FP7
3
) by participating in 264 projects and 

coordinating 64 of them; realizing its motto "inspiring business".  

Tecnalia mainly operates in fields of innovation strategies, technological services, 

sustainable construction, energy and environment, industry and transport (casting and iron 

and steel, transport and industrial systems), ICT (software, telecom, infotech and 

information society) and health and life quality.   

4.1.2 Division of Energy and Environment 

 

Energy and Environment Division within Tecnalia is a renowned technological agent in the 

development of innovative and sustainable solutions for the energy and environmental 

challenges of industry and society, that addresses the complex challenges of energy supply 

chain and energy systems. 

The division possesses a broad experience on strategic actions for the sustainable 

development of regions, covering environmental, economic and social aspects. It has 

established different lines of research: energy efficiency in buildings and districts, 

renewable energy technologies, smart cities, Life Cycle Assessment and Ecodesign.  

 

 

                                                           
3
 FP7 is the short name for the Seventh Framework Programme for Research and Technological 

Development. This is the EU's main instrument for funding research in Europe and it will run from 2007-
2013. FP7 is also designed to respond to Europe's employment needs, competitiveness and quality of life. 
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4.2 Energy Modelling with Life Cycle Perspective 

4.2.1 Energy Modelling 

 

Energy modeling provides insights for future energy need to meet different scenarios of 

socio-economic development.  

Energy modeling is simply a perception of the real world to help to plan for long-term 

future. A typical energy model will relate techno-physical aspects of the energy system, 

such as type of energy technology (e.g. Gas vs Wind) required, the capacity (MWs) 

required, when the installation operates, its level of activity etc., to attributes like 

environmental or economic impact, flexibility and robustness (Howells, 2013) ,for a set of 

different future scenarios.   

Energy modeling is often a tool for policy makers related to policy formulation, 

implementation and monitoring to meet some objectives. Some of these objectives that can 

be achieved through ESA are costs of access to affordable and clean energy, road to energy 

self-sufficiency by reducing import or diversifying supply, kind of policies to mitigate 

GHG emissions, and improvement of social situation and economic growth.     

4.2.2 Life Cycle Assessment  

 

Life Cycle Assessment (LCA) is a method concerned with assessment and quantification of 

environmental impacts of processes a product through its life-cycle. It accounts for all 

emissions and resources consumed through an object’s life cycle at every stage of its 

development, from extraction of the resources, materials transportation, through 

production, use, and recycling, up to the disposal of remaining waste (see Figure 1) 

  

Figure 1 Life Cycle Stages, (Source: EPA, 1993) 
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An LCA can help decision makers to select the product that has the least impact on the 

environment while avoiding creating an environmental problem when solving another (e.g. 

causing waste-related issue while improving production technologies) by identifying the 

transfer impact from one life-cycle stage to another ( from use of the products to the raw 

materials extraction phase ).  

The ISO 14040 and 14044 standards provide the indispensable framework for LCA. 

5. Background  

5.1      Energy Use in the Basque Country 

 

In the previous decade (2000-2010), the Basque country has witnessed a growth in the 

energy demand about 16% in the period 2000-2008. This trend was followed by a slight 

drop in the energy demand in 2009 due to the economic crisis. In 2010, final energy 

consumption stands at 5504 Ktoe as shown in Figure 2. 

 

Figure 2 Energy Demand in the Basque Country, Source: EVE 

 

5.2       Historical Energy Use by Energy Type  
 

The natural gas was the dominant energy source in the energy demand mix with a 

contribution slightly less than 3000 Ktoe (see Figure 3 ). Natural gas was excessively 

consumed in power generation and industrial sector.  It is also shown in the figure the 

minimal share of renewables in the energy mix with an amount does not exceed 460 Ktoe. 

Almost 50 % of renewables was mainly employed in the industrial sector.    
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Figure 3  Energy Consumption by Fuel Type in Ktoe, Source: EVE  

 

5.3     Historical Energy Use by Sector 
 

The main attribute to the growth of energy consumption in different sectors is the economic 

development in a region. Reduced growth in consumption is often related to the economic 

crisis that affects industrial activities and energy prices. Overall, the largest growth in the 

final energy consumption in the Basque country was in service sector. Service sector 

energy consumption has grown the fastest at an average of 3.5% per year from 2000 to 

2010 (Figure 4). Slower growth has been recorded in transport sector at annual pace of 

1.5%. Overall Growth in the residential sector was 8.7%. The slowest growth in energy 

consumption was in industry at overall rate of 2% during the decade. In contrast to these 

sectors, the primary sector has shown a decrease in energy consumption.   

 

Figure 4 Energy Consumption by Sector in Ktoe Source: EVE 
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6. Methodology and Data  

6.1     LEAP 
LEAP is used as a tool to model energy system of the Basque Country. The long range 

Energy Alternatives Planning System abbreviated as LEAP
4
 is an energy planning and 

greenhouse gas mitigation tool, developed at SEI. It has many applications worldwide 

ranged from cities scale up to the global scale, and it is suitable for medium to long term 

time frame. It is mainly used to account for energy demand in all sectors (residential, 

industrial, transport, primary etc.), transformation, resource extraction, socio-benefit 

analysis as well as tracking GHG emissions. LEAP is not a model for a specific energy 

system, but is a tool for modeling different energy systems.    

6.2     Data Collection 

6.2.1    Residential Sector 

 

Residential buildings offer different kinds of services that aim to deliver comfort and 

provide essential needs for household living. These services include; among others, heating, 

cooling, hot water, air conditioning, refrigeration and cooking, lighting and household 

appliances. Energy demand in residential buildings is shaped by the factor of age rather 

than geographical location and climate. In Basque country, it is important to divide 

households into three main categories; i) households before 1979 ii) households between 

1979 and 2000 and iii) households after 2000, due to different energy consumption trends 

in heating and hot water. Within these categories, end uses were broken out into heating, 

hot water, air conditioning, cooking, lighting and household appliances.       

The end uses were associated with different types of fuels with their saturations and their 

energy intensities based on energetic data from EVE , annual survey and statistical data 

from Eustat, referring to the base year (2011)
5
. The Table 1 shows the breakouts in the 

residential sector. 

 Table 1 End-Use Structure of the Residential Sector 

 

End use  Appliances Heating Hot water Air 

conditioning  

Lighting Cooking 

Fuel  Electricity Electricity 

Natural gas 

Diesel 

LPG 

Kerosene 

Biomass 

Solar 

Natural gas 

Electricity 

Solar 

Biomass 

LPG 

Diesel 

Kerosene 

Electricity Electricity Electricity 

Biomass 

Natural gas 

Diesel  

Kerosene 

LPG 

                                                           
4
 (Heaps C. , 2012) 

5
 The year 2011 was chosen as a base year because of the data availability compared to the consecutive 

years 
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6.2.2 Industrial Sector 

The industrial sector is grouped into fourteen energy intensive industries (iron and steel, 

pulp and paper, machines and processed metals, glass, cement, chemicals..etc.) and the 

other industries category. Economic energy intensities in terms of energy use per European 

euro of industrial product for each industrial subsector are used. Economic outputs of the 

industry are multiplied by industry economic energy intensities and then summed to get the 

energy consumption values for the energy-intensive industries.  

The industrial subsectors were divided by fuels as shown in Table 2  

Table 2 Breakout of the Industrial Sector 

Subsector  Iron and 

Steel  

Pulp and 

Paper 

Machines 

and 

Processed 

metals  

Glass Cement Chemicals 

Fuel  Electricity 

Charcoal 

Heat 

Natural Gas 

Fuel oil 

LPG 

Diesel 

Coal 

 

Electricity 

Heat 

Natural Gas 

Fuel oil 

LPG 

Diesel 

Biomass 

Diesel 

LPG 

Fuel oil 

Natural Gas 

Heat 

Electricity 

 

Natural Gas 

LPG 

Diesel 

Charcoal 

Electricity 

 

Electricity 

Natural gas 

Diesel 

Biomass 

Fuel oil 

Petroleum 

Coke 

Refinery 

feedstock 

Electricity 

Biomass 

Natural gas 

Diesel  

LPG 

Fuel oil 

Heat 

 

 

6.2.3 Transport 

 

The Basque autonomous community represents a strategic importance for Spain through 

economic exchange with other nations and also among surrounding territories via an 

integrated transport network system, by i) road and railway, ii) three main airports in each 

provinces; Bizkaia, Araba and Gipuzkoa, and iii) two commercial ports in both maritime 

provinces; Bizkaia and Gipuzkoa.  

Transport system could be broken out into different modes as road, rail, water and air.  

For Basque country; transport modes exhibit different energy intensities according to the 

type of journey. For example, road is broken out by intracomarcal, intraprovincial, 

interprovincial and national
6
. Both intracomarcal and intraprovincial modules are divided 

into cars, light trucks, buses and coaches. Interprovincial and national are divided into cars 

and light trucks (see Table  ).  

 

 

                                                           
6
 (Bueno, 2012) 
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Table 3 Subdivision and End-Use Structure of the Transportation Sector 

 

 Transport 

mode 

Journey Vehicle Fuel 
P

as
se

n
g

er
 

road Intracomarcal 

 

Cars & Light 

Trucks 

 

Diesel, 

Gasoline 

Bus & Coach Diesel 
Intercomarcal & Intraprovincial 

 

Cars & Light 

Trucks 

 

Diesel, 

Gasoline 

Bus & Coach Diesel 

Interprovincial 

 

Cars & Light 
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Gasoline 
National 

 

Cars & Light 

Trucks 

Diesel, 

Gasoline 

rail Intracomarcal Metro Electricity 

Intercomarcal Tram 

(EuskoTran) 

Electricity 

Train (RENFE) Electricity 

Train (FEVE) Diesel 

Train 

(EuskoTren) 

Electricity 

water National Ship Fuel-oil 
International 

air National Airplane Kerosene 

International 

    Fuel 
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t 

road Intracomarcal - Intramunicipal Cars & Light 

Trucks 

 

Diesel 

Intercomarcal - Intermunicipal Heavy Trucks 

 
Diesel 

National Heavy Trucks 

 

Diesel 

International Heavy Trucks 

 

Diesel 

Intercomarcal Train (RENFE) Electricity 

Train (FEVE) Diesel 

Train 

(EuskoTren) 

Electricity 

water National Ship Fuel-oil 
International 

air National Airplane Kerosene 

International 

 

In general, the final energy consumption of a vehicle can be calculated for passenger (1) 

and fright (2) transports using the following equations:  

Ef [MJ] =People [persons] ×Journey [km] × Fuel Economy [MJ/ km]/ (Vehicle Capacity 

[persons] ×Occupancy [%]) (1) 
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Ef [MJ] =Freight [t] ×Journey [km] ×Fuel Economy [MJ /km]/ (Vehicle Capacity [t] 

×Loading [%]) (2) 

The energy intensity of transport used in terms of energy use per km, or per tonne-km, is 

derived from fuel economy provided vehicle capacity and its loading are known.  

6.2.4 Primary sector  

 

The primary sector in the Basque country is represented by agriculture and fishery sub-

sectors. Physical energy intensities in terms of energy use per ton of the product for each 

subsector are used
7
. Physical production values are multiplied by subsector energy intensity 

and then added up to get the total energy consumption values for the primary sector. The 

data of physical production of agriculture and fishery are derived from the statistical office 

while the data referring to the energy use are derived from energetic data reported to the 

reference year (2011). 

The end-uses were broken out by fuels as shown in Table 4 

Table 4 Subdivision and End-Use Structure of the Primary Sector 

 

End use Agriculture Fishery 

Fuel Diesel 

Heat 

Electricity 

Diesel 

 

6.2.5 Service sector 

 

Energy use in service was simply modeled as the product of services value added GDP, and 

energy use in services per unit of GDP expressed as economic energy intensity, given the 

total energy consumption in service sector from the statistical office. 

7. Sectorial Energy Use in the Basque Country 

7.1      Residential Sector  

7.1.1     Energy consumption by fuel and end-use 

 

The residential energy consumption was 580 ktoe , accounting for 9.8% of energy demand. 

About two-third of the energy consumed in households, was used in the buildings before 

1979; mainly because i) large share of number of households in the period before 1979 

(about 63.5% of households) and ii) the increased energy consumption in hot water and 

                                                           
7
 Energy intensity is defined as energy use per unit of activity 
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existing heating system, that resulted in more used of electricity, natural gas, and oil 

products (principally LPG and diesel). 

Besides electricity, natural gas is the dominant fuel within residential sector energy 

demand, accounting for 40.2 % of energy consumption in the households (Figure 5), 

followed by oil products (about 12%). Natural gas was used for heating, hot water and 

cooking. Oil products show similar uses as for natural gas in heating, hot water and 

cooking. Renewables share is very insignificant and does not exceed 0.2%.   

Most of the energy consumed was for heating, household appliances and hot water. In 

buildings of 1979 and before, heating was the most energy consuming sector in households 

(41.3%) followed by household appliances (24%). However; in the buildings after 2000, 

household appliances (31.1%) overtook the heating sector (29.8%) in terms on energy 

consumption. Energy consumption in hot water remained relatively unchanged during the 

whole period (19.7%), (Figure 6 and Figure 6 7).  

 

Figure 5 Residential Energy Consumption by Fuel, Source: LEAP  
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Figure 6  Residential Energy Consumption by End-use for Buildings before 1979, Source: LEAP 

  

Figure 7  Residential Energy Consumption by End-use for Buildings after 2000, Source: LEAP 

 

7.2      Industrial Sector  

7.2.2     Energy consumption by fuel and end-use 

 

In the Basque country, the energy consumption in the industrial sector was 2301 ktoe, 

accounting for 39% of total energy consumption. Industrial energy use was dominated by 

natural gas, with 41.7%, followed by electricity at 36.9%, and then by biomass at 

percentage of 8.6% (Figure 8). From a sub-sector perspective, iron and steel industry, and 

paper and cartoon industry, together account for more than half of total  
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energy use (Figure 9). 

 

Figure 8 Industrial Energy Consumption by Fuel, Source: LEAP 

 

Figure 9 Industrial Energy Consumption by Subsectors, Source: LEAP 
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7.3      Transport Sector  

7.3.1     Passenger Travel 

7.3.1.1   Energy Consumption by Mode  

 

The transport energy consumption was 2507 ktoe in 2011, accounting for 42.3% of energy 

demand in the Basque country. As for fuels used, oil products namely, diesel, fuel oil, 

gasoline and kerosene account for 95 % of energy use while the share of biofuels is 4.3% in 

the fuel mix.   

Passenger consumed more than two-thirds of the total energy use. In terms of modes, 

passenger road accounts for 62.2% of total energy consumed in transport, followed by air 

3.5%, water 1.1% and rail 0.8% (Figure 10 and Figure 11). Cars and light trucks account 

for 96.2% of the energy used in the passenger road, and about 60% of the total energy 

transport.  

 

Figure 10 Transport Energy Consumption by Mode, Source: LEAP 
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Figure 11 Passenger Energy Use by Mode, Source: LEAP 

 

7.3.2     Freight Travel 

7.3.2.1   Energy Consumption by Mode  

 

In 2011, freight transport consumed 32.4% of the total energy consumed in the transport 

sector. In terms of modes, water transport alone accounts for 67.2% of the energy in freight 

travel, followed by road at 31.1%, air at 1.3% and rail at 0.4% (Figure 12). 
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Figure 12 Freight Transport Energy Use by Mode, Source: LEAP 

 

8.     Future Outlook for Energy Use in the Basque Country 

8.1   Activity Level and Structural Changes  

According to the government projections there will be several changes from an energy 

perspective over the next decade in the sectors mentioned above8. The major changes are 

outlined per sector as following: 

8.1.1   Residential Sector Projections   

- upgrading of energy systems and energy consuming equipment to make them more 

efficient  

- an increase in the number of low-consumption buildings 

- micro-CHP, condensation boilers and very efficient heat pumps will be incorporated 

- advance in low consumption household equipment 

- low consumption lighting using metal halides, LEDs will become the norm 

 

8.1.2   Industrial Sector Projections   

- trends in industrial sector will depend on the degree of adaptation to development of      

emissions trading scheme (ETS) and energy prices 

                                                           
8
 (EVE, 2011) 
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8.1.3    Transport Sector Projections  

- road transport continues to predominate over other modes of transport and the 

largest number of journeys are territorial and intra-municipal 

- the largest growth will be in intercity road transport, especially by automobile 

 -   technological advances in the field of alternative fuels and hybrid vehicles 

8.2    Future Energy Outlook (Reference Scenario)  
Under this scenarios and taking LEAP as a tool, the following can be concluded from the 

baseline scenario compared to the reference year of 2010 (Figure 13 and Figure 14):  

 Basque energy demand will grow up by 19% in this decade 

 The power supply mix , with annual growth of 1.6% , to be made up of 51% 

thermal power stations, 17% from CHP and renewables, 32% from imports 

 Natural gas requirements will increase by 30% in all sectors of consumption 

 The share of renewables in final consumption will rise to 9% 

 

  

Figure 13  Baseline Scenario for Consumption by Sectors 2011-2020, Source: LEAP  
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Figure 14  Baseline Scenario for Consumption by Fuels 2011-2020 Source: LEAP  

8.3    Scenarios for the Basque Country  

8.3.1    Government Scenarios and Transport Scenarios  

Based on Basque government measures
9
 in energy consuming sectors (industry, 

transport and residential) and energy supply system (power generation), various policy 

based scenarios were built in i) demand side (energy savings in industry, energy 

reduction in transport, energy consumption in households), and ii) supply side 

(renewable power generation, competitiveness of natural gas , quality electricity 

system).Additionally, three particular scenarios were built in transport
10

 (efficient 

scenario, electrification scenario, public transport scenario).  

The following table shows a summary of these scenarios, stating the targets, the taken 

measures and main findings with a graphical representation via LEAP.  

 

                                                           
9
 (EVE, 2011) 

10
 (Bueno, 2012) 
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1. ENERGY SAVINGS IN INDUSTRY SCENARIO 

 
Targets: 

 Reduce energy consumption in the industry  

Measures: 

 Introducing new efficient energy technologies  

 Harnessing renewable resources 

Results:  

 Percentage reduction in consumption vs BAU 

scenario (13%)  

 Share of renewables in industrial energy consumption 

rise from 8% to 11 %   

 
Figure 15 Scenario of Energy Consumption in ktoe in Industry, Source: LEAP 

2. ENERGY REDUCTION IN TRANSPORT SCENARIO 

 
Targets: 

 Reduce diesel and petrol energy consumption 

intensity in transport sector  

Measures: 

 Reducing dependency on oil in the transport  

 Promotion of public transport 

 Increase use of efficient vehicles and alternative 

energy sources  

Results:  

 Share of energy saving in road transport rise to10% 

 Share of biofuel in road transport rise from 6% to 

15%  

 Reduction in consumption of petroleum products in 

road transport 19% 

 Share of electric cars would be 10%  

 

 
Figure 16 Scenario of Energy Consumption in ktoe in Transport, Source: 

LEAP 

3. ENERGY CONSUMPTION IN HOUSEHOLDS SCENARIO 

 
Targets: 

 Promote renewal of buildings with high energy 

efficiency  

Measures: 

 Introduce high efficient energy systems and 

equipment in residential buildings 

 Improving  consumption habits and raising awareness 

among consumers  

Results:  

 Reduction of energy consumption vs reference year 

(10%) 

 Share of renewables use in buildings rise from 5.3% 

to 10% 

  
 Figure 17 Scenario of Energy Consumption in ktoe in Buildings, Source: 

LEAP 
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4. RENEWABLE POWER GENERATION SCENARIO 

 
Targets: 

 Achieve sustainable power generating facilities 

Measures: 

 Implement sustainable power generation technologies 

such as onshore wind power, biomass plants and solar 

photovoltaic 

Results:  

 Renewable electricity capacity increased from 590 

MW to 1350 MW  

 Renewable power generation increased from 1633 

GWh to 3490 GWh  

 
Figure 18 Scenario of Renewable Power Generation in Ktoe, Source: LEAP 

5. COMPETITIVENESS OF NATURAL GAS SCENARIO  

 
Targets: 

 Promote greater use of natural gas  

Measures: 

 Increase competitiveness of natural gas supply 

 Replace oil products with natural gas in all sectors  

Results:  

 Natural gas demand would reach 50,200 GWh 

 Share of natural gas in meeting total energy demand 

(45%) 

 Share of natural gas in electricity generation (52.7%) 

 

 
Figure 19 Scenario of Natural Gas Electricity Generation ,Source: LEAP 

6. QUALITY ELECTRICITY SYSTEM SCENARIO 

 
Targets: 

 Strengthening of the Basque Power System  

Measures: 

 Incorporate distributed power generating facilities 

,renewables and CHP 

 Incorporate smart grid systems and technologies  

Results:  

 Power demand would reach 19,137 GWh 

 Share of the imports in electricity demand will reduce 

to 8.3% 

 Contribution of CHP in power supply 23.8% 

 Contribution of renewables in power supply 17% 

 

 
Figure 20 Scenario of Improved Electricity System Supply ,Source: LEAP 
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7. EFFICIENT SCENARIO 

 
Targets: 

 Decrease the energy intensity in transport sector 

Measures: 

 Following present trends in efficiency by introducing 

important improvement in technology ( i.e engines, 

weight of the vehicle, speeds..ect) that targets energy 

intensity to be reduced   

Results:  

 

 Energy consumption in transport would be reduced by 

29.35% 

 
     Figure 21 Efficient Scenario in ktoe in Transport ,Source: LEAP 

8. ELECTRIFICATION SCENARIO 
 

Targets: 

 Massive use of electricity in transport 

Measures: 

 Electrification of transport modes for people and 

freight movement by using electric vehicles on roads, 

rails would be converted into electric rails, air and 

water transport would be of the efficient scenario 

features 

 

Results:  

 Energy consumption in transport would be reduced by 

59.3 % 

 

 
Figure 22 Electrification Scenario in ktoe in Transport, Source: LEAP  

9. PUBLIC TRANSPORT SCENARIO 

 
Targets: 

 Achieve strong commitment to public transport  

Measures: 

 Increase the role of public transport and promoting the 

use of car sharing and carpooling schemes   

 

Results: 

 Energy consumption in transport would be reduced by 

43 % 

  

 

 
Figure 23 Public Transport Scenario in ktoe in Transport, Source: LEAP 
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8.3.2    Integration Scenarios  

Demand side scenarios were combined together under one scenario called policy 

scenario. This scenario results in overall reduction of energy consumption from 5921 

Ktoe to 5405 Ktoe (Figure 24). As per fuel, electricity in policy scenario stays relatively 

stable. This is because the reduction in electricity consumption in the sectors of 

industry, residential and service faces opposing increase in the transport sector ( Figure 

25). Policy scenario was then added to each scenario in supply side. As a result, three 

main scenarios were formed .The scenarios (electricity powered policy scenario, 

renewables powered policy scenario, natural gas powered policy scenario) are shown in 

through Figure 26 to Figure 29 in terms of energy demand and electricity generation.  

 

  
Figure 24 Policy Scenario Demand in ktoe, Source: LEAP 

  
Figure 25 Policy Scenario Electricity Demand in ktoe, Source: LEAP 

 
Figure 26 Policy Scenario Electricity Generation in ktoe, Source: LEAP 

 
Figure 27 Electricity Powered Policy Scenario Electricity Generation in ktoe, 

Source: LEAP 
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Figure 28 Renewables Powered Policy Scenario Electricity Generation in ktoe, 

Source: LEAP 
  

Figure 29 Natural Gas Powered Policy Scenario Electricity Generation in ktoe, 

Source: LEAP 

 

The evolution of electricity generation in different scenarios is due to the reduction of 

the imported electricity. In the policy scenario, there is a decrease in the import from 

840.7 Ktoe in 2011 to 533.1 ktoe in 2020. Different integration scenarios exhibit 

different dependence on the imported electricity. Renewables powered policy scenario 

shows same reduction on the imported electricity as the policy scenario but with 

renewable technologies in power generation.  Electricity powered policy scenario 

reduce the import of the electricity from 840.7 ktoe to 130.8 Ktoe while the natural gas 

powered policy scenario decrease this import up to 172 Ktoe.  
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9.    Recommendations; Ways in Which the Project Would be 

Developed 
 

The next step in this project would be conducting a life cycle assessment of the energy 

system of the Basque Country. The study will focus on one environmental indicator 

which is global warming potential. The approach to include a life cycle approach in the 

study is by integrating the results of CO2 emissions from LEAP; which are considered 

to be the emissions of the use phase, with results of life cycle emmissions of energy 

sources and energy technologies , sourced from environmental databases such as 

ECOINVENT, which account for CO2 emissions from extraction of resources until the 

use phase (known as “cradle-to-gate”).   

This project would end by building scenarios for 2050 that aim to maximize the 

renewables in the energy system of the Basque Country and to reduce CO2 emissions 

up to 80% compared to 1990 levels.  

The results of this work are intended to be inputs for the Basque Energy Board (EVE) 

to support energy policy making and study security of supply and competitiveness of 

energy intensive industries in the Basque Country.   
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10.   Conclusions  
It is clear, therefore, that the current energy system in the Basque Country is 

unsustainable. LEAP simulation results reveal that oil products and natural gas together 

constitute more than two-third of fuels consumed in the Basque Country. What makes it 

worse is that hardly any fossil fuels is mined in this region, and most of the fuels comes 

from outside. The share of renewables in the total energy mix is still minimal; therefore, 

policies taken by the Basque Government would be important to promote this sector.    

Government forecasts show; with the current practice, that energy demand would 

increase in the coming decade. Although, the share of renewables would increase too; 

due to the use in industry, the major increase would be in natural gas consumption with 

30% in all sectors.      

Basque government policies for 2020 would definitely reduce energy in different 

sectors of consumption, shift to alternative technologies in power generation and 

decrease the dependency on the imported electricity.  Integration of these measures on 

both demand and supply side gives a full picture of how each side influence other and 

how sectors interact with each other.  

Energy modeling is a complex topic as it interacts with many aspects. It is of a great 

importance to account for environmental and socio-economic factors. As it is often used 

for decision making, LCA would be a powerful tool to assess different energy modeling 

scenarios from an environmental perspective taking into account the CO2 emissions 

from the resource until the use phase.  
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11.   Capitalise on a Rich Experience  

11.1   Analysis of Difficulties Encountered 

11.1.1    Data Collection 

The first challenge encountered was data collection. Finding energy data on a regional 

scale was never an easy task. Looking for these data in the literature on web 

(international organisation websites like IEA, IRENA, OECD, UN and the World Bank 

as well as Enerdata) was certainly an attempt in the right track but it was not as fruitful 

as the most available studies were done on data available on a country scale.   

Ideally, contact was made with the regional organisations and agencies namely OTEUS, 

IBERDDROLA, Red Electrica, UPV, Eustat, EVE and from PhD student Xabat Oregi 

(regarding the residential sector). The best data obtained, covering different sectors of 

the study, was delivered by EVE.  

11.1.2    Quality of Data  

The document prepared by EVE was dated to 2011 and contained energy data for 

various sectors of the energy consumption (residential, industry, transport, primary and 

service) and energy data for transformation sectors (electricity generation, refining, 

coke production and heat generation).  

While the document gives information about the total energy consumed per fuel for 

each sector, it does not give the final energy intensity of the fuel. Also, in the same 

document some sectors are sub-divided (industry and primary), and no subdivisions to 

their end users was found for (residential, transport and service).     

To do a preliminary energy modelling in LEAP, there is a need for a set of starting data. 

This includes energy use per fuel in each major demand sector. Each sector should be 

divided into its end users with specification of type of fuels used, shares or saturations 

of fuels, physical or economic activity level and total energy consumption, or final 

energy intensity.    

This, obviously; motivated a research for more information.  

11.1.3    Language 

In a search for more detailed information about energy data for the Basque Country, 

EVE and INE stood as the best source of information. However, most of the 

information was written in documents available in either Euskera
11 

or Spanish 

languages. Thanks to the experience gained in the first semester of ME3 in Madrid, the 

very basic level of Spanish acted as a guideline. However, great thanks go to the 

                                                           
11

 Euskera is the language of the people of the Basque Country 
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colleagues in Energy and Environment Division who helps to understand the nature and 

content of the research materials whenever a real need arises.    

11.1.4    Simulation Using LEAP  

LEAP is easy-to-use software. However, using LEAP without a solid experience needs 

supervision from time to time. Unfortunately, the host company does not work with this 

simulation tool. To overcome the difficulties faced with LEAP, the student was 

assigned a mentor from Energy System Analysis in KTH to provide assistance 

whenever a student got stuck. Additionally, the online community for Energy, 

Environment and Development12 (COMMEND), provides help whenever asked.  

  

11.2    Skills Developed 

11.2.1    Research Skills 

Very few have been found in literature about energy modelling of a city or a region. 

When it comes to energy modelling of the Basque Country as a whole, there was a little 

written about energy system of the Basque Country. What makes it more challenging is 

the integration of the energy modelling with life cycle assessment, which is uncommon 

area of study. This entirely sparked interests to do more research; studying online 

literatures, and referring to some courses materials, to come up with what is relevant 

and useful.      

11.2.2    Language Skills 

While doing a research, the student often comes through materials writing in Spanish. 

In addition to this, the student used his good level in French to browse some French 

literature to check what has been written about the Northern Basque Country13 . This 

has improved the student language skills even a bit.     

11.2.3    Simulation Skills 

LEAP is a not a new modelling tool used by the student. This tool has been used before 

to do a group project titled “Energy modelling for Slovenia” as a part of Energy and 

Environment. The learning from the previous experience was built-upon in performing 

the simulation for the current study. The independent work of using LEAP, has 

improved the student skills in using this software and discovering its different features.  

                                                           
12

  COMMEND is an initiative of Stockholm Environment Institute  
13

  Northern Basque Country located within France is not a part of this study, but it was a matter of the 
researcher curiosity   
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11.2.4    Management Skills  

The project has been planned by identifying key stone tasks and allocating them into 

different timelines. To add, there are also regular meetings with the company supervisor 

and some colleagues to assess the progress of the work and discuss other issues.    

Collaboration with Cátedra ORKESTRA (Univ. Deusto) was going to be established, in 

order to elaborate a strong and coordinated proposal for presentation to the Basque 

Energy Board (EVE) so the scenarios developed can be an input for stakeholders 

involved in policy making. 

 

11.3    Added values 
When the company first approached, the student was offered to work on socio-

economic aspects of offshore technology. Driven by his interest in energy modelling, 

the student drafted a paper with another proposal to do an energy plan for the region 

with socio-economic impact of the energy technologies.  

The host company showed a great interest of the topic of research, and invited the 

student to do his master thesis. Thanks to the knowledge acquired in the third semester 

courses (especially courses of renewable energy technologies and energy and 

environment), and his exposure to energy system analysis using LEAP, the student 

could communicate what has learned and built upon the skills gained over the course of 

the master.   

 

11.4    Lessons learned   
 During the period of the internship, there are a number of lessons learned. To start 

with; communication is a key aspect in a success of any project. It is important to 

establish collaboration and involvement of different local parties whose inputs are vital 

in energy modeling, and the results obtained would be beneficial for them. It is also 

important to have a tutor whom the student can discuss with and refer to, and who can 

bring the student into the right track whenever a divergence occurs. Working 

environment is essential to be conducive to the goals of the project, by availability of 

the means to conduct the research and also by presence of positive atmosphere between 

the team members.      

Another thing the student learned is the importance of the flexibility in planning. There 

was an intention to model the building sector; however, because the results show a 

minor share of the building sector in energy consumption of the Basque Country 

compared to transport and industry, there was a change favors modeling these sectors 

considering the new outcomes.  
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It is also worth mentioning the importance to have different aspects of the project; 

technical, economic, social and environmental, to have a well-balanced view of the 

project. Additionally, implementing LCA gives better and more accurate picture as it 

accounts for different phases of a product.  
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