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1 Background information
Total primary energy supply (TPES) in Portugal was 27.3 million tonnes of oil equivalent (Mtoe) in 2005,1 a 2.8% rise over 2004 and an 8% rise over 2000. Since 2000, the absolute increase in natural gas supply makes up the lion’s share of the total increase in TPES – the 1.7 Mtoe rise in natural gas is equivalent to more than 85% of the total TPES rise, dwarfing small increases in renewables supply, as well as modest changes in oil and coal supply. Energy supply from solar and wind more than quintupled between 2000 and 2005, but grew by only 0.15 Mtoe in absolute terms. In 2005, TPES by fuel broke down to 59% from oil, 14% from natural gas, 12% from coal, 11% from combustible renewables and waste and 2% from renewables (including hydro, solar, wind and geothermal).

Total final consumption (TFC) of energy in Portugal was 21 Mtoe in 2004, a rise of 2.3% over 2003 and 5.5% above 2000. The largest absolute increase since 2004 came from the transport sector, which increased consumption by 0.8 Mtoe, a 12% rise. Residential consumption grew 0.4 Mtoe, 14%, over the period. Total industrial consumption declined by 0.4 Mtoe, nearly 5%. As a share of total TFC, in 2004, 38% of consumption was in the industrial sector, 35% in the transport sector, 15% in the residential sector and the remainder, 12%, was in other sectors, including the commercial sector.

In broad terms, energy consumption continued to grow in Portugal, at above the EU average. In 2004, there was a 4.5% increase in electricity consumption in the residential, commerce and services sector and a 6.7% rise in the transport sector. There was an overall net increase of 3.5% in final electricity consumption.
Almost all coal is steam coal used for electricity generation and in the cement industry. Imports of coking coal ceased along with the shutdown of the blast furnaces in the iron and steel industry. All coal is imported. Major cement industry companies are CIMPOR and SECIL.
Natural gas has increased its share in the total the energy mix. In 2004 it made up 12% of total primary energy consumption, compared with 5% in 1994. The dominant player in the gas market is GALP Energia through its subsidiaries, Transgás and Gás de Portugal Distribuição (GDPd).

Two of the underground natural gas salt storage cavities developed by Transgás in Carriço, near Pombal, came into operation in 2005. The project, which began in 2000, plans for the development of four cavities, with useful storage of around 165 million cubic metres of natural gas. The third cavity has recently been completed and the fourth cavity is expected to be completed in 2007. 
Oil continues to play an essential role in the supply structure, comprising 58.3% of total primary energy consumption in 2004 compared with 71.4% in 1990.
Despite full oil market liberalisation, the Portuguese oil sector is still dominated by GALP Energia’s Petrogal SA. It owns the two refineries in the country and accounts for about half of the distribution market. EGREP, whose operations began in 2004, is responsible for the maintenance of one-third of the operators’ mandatory reserves.

Electricity generation accounts for the highest proportion of natural gas consumption. After the third unit of the Ribatejo combined cycle power station came into operation in 2005, installed power generating capacity running on natural gas totalled 2 166 MW (compared with 1 776 MW for coalfired power stations).
Growth of total net electricity consumption in Portugal remained high in 2004, with an increase of 3.5% over 2003. Growth of electricity demand was higher than for energy as a whole and much higher than GDP growth.
Under the new legislation published in 2006, the former public electricity system and liberalised electricity system have merged to one unique liberalised system. However, the dominant role of Electricidade de Portugal (EDP) is very important. Inside Portugal, EDP is dominant in both generation and distribution of electricity. Its generating arm, EDP Produção, owns 8 GW of capacity and generated.

EDP Distribuição supplies 99% of grid electricity to end consumers. EDP also has minority interests in the transmission company, Rede Eléctrica Nacional S.A. (REN), (30%), and in the two large independent power producers Tejo Energia and Turbogás. Its retailing arm, EDP Energia.
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Portugal’s Kyoto target is to keep its annual greenhouse gas emissions during the first commitment period (2008 to 2012) to no more than 27% above Portugal’s 1990 emissions. The National Programme for Climate Change (PNAC) was approved in 2004. PNAC quantifies Portugal’s necessary reductions to comply with its Kyoto target and details policies and measures for all activity sectors. There is a particular focus on the energy sector (excluding transport), which will account for between 18% and 24% of the national reduction. Measures related to renewable energy sources and energy efficiency improvements will play a key role in meeting Portugal’s target. Apart from measures taken in the energy sector, additional measures are expected to achieve a reduction of 5.9 million tonnes of CO2 (MtCO2) emissions. Following the establishment of PNAC, in 2005 two new monitoring and assessment entities were created within PNAC: the Monitoring and Assessment Programme and the National Inventory of Sources of Emissions and Removals of Atmospheric Pollution by Sinks. 

Under the European Union Emissions Trading Scheme (EU-ETS), the National Plan for the Allocation of Greenhouse Gas Emissions Licences (PNALE) was approved on 3 March 2006. 

Portugal is using the flexibility measures provided for in the Kyoto Protocol to meet half of its commitment.
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At the moment, there are no public studies known, addressing the qualification of deep saline aquifers for CO2 geologic storage sites in Portugal.

Many changes have taken place recently, reorganising government oversight of the energy sector (including CCS). The Ministry of the Economy and Innovation (MEI) was created on 15 April 2006, eliminating the Ministry of Economic Activities and Labour. MEI supervises the energy sector, working particularly closely with the ministries responsible for the environment (MAOTDR), transport (MOPTC) and science and technology (MCTES).

MEI’s responsibilities in the energy area are performed through Directorate-General for Geology and Energy (DGGE), Regional Economy Directorates (DREs), National Institute of Engineering, Technology and Innovation (INETI), Emergency Energy Planning Commission (CPEE) and Energy Services Regulatory Body (ERSE).

The Agency for Energy (ADENE) main tasks are to prepare studies on energy efficiency and renewables, to promote efficiency labelling of electrical appliances and building certification, and to disseminate information on these topics.

2 R&D

Although private research in the field of CCS is quite unknown, EDP recently announced it wiling to promote and participate in R&D and Demo initiatives in target areas for CCS, while looking forward to partnerships for developing and demonstrating Zero Emission Coal Based new Power Generation capacity. EDP priorities are:
1. CO2 storage:

· Developing suitable methodology for qualification of deep saline aquifers for CO2 storage
· Applying it to identify adequate sites in IBERIA (Portugal & Spain) for CO2 geologic storage.
· Testing CO2 injection from capture demonstration plants.
2. IGCC w/ Pre-Combustion CO2 Capture
3. Oxy-Combustion CO2 Capture in PCC or CFBC
The Ministry of Science, Technology and Higher Education is responsible for national R&D policy, and Fundação para a Ciência e Tecnologia (FCT- Foundation for Science and Technology), created in July 1997, is the Portugal’s main funding agency for research with a status of a public organisation with administrative and financial autonomy, under the aegis of the Ministry of Science, Technology and Higher Education.. In July 2006, the government (trough FCT) set up a new funding programme to support projects justified by the need for a rapid scientific and technological development in the country, in all scientific domains. Within this new funding programme, funding of CCS R&D activities should be covered by the following scientific areas: energy, Chemical Engineering, Economy, Environmental Sciences and Technologies, Global Changes, and Mechanical Engineering.
The evaluation and selection of the proposals submitted for funding FCT are based on a tender procedure, using a panel review process. Applications to the new funding programme are under evaluation at this moment.

Efforts have been developed to improve co-operation between different ministries, namely the Ministry of Economy and Innovation; the Ministry of Science, Technology and Higher Education; the Ministry of Environment, Planning and Regional Development; and the Ministry of Infrastructure, Transport and Communications. Synergies and partnerships have also been implemented that strengthen the collaboration between state R&D departments, universities, technological centres and private companies, for the implementation of actions to support the goals set up by the energy policy (see below government policy). An example of this effort is the 5-year protocol - the MIT Portugal-Program - signed between the Portuguese government and the MIT (Massachusetts Institute of Technology) in October 2006. In this program, energy is one the main focus areas, where CCS R&D activates are also considered. Total budget for the energy focus area is ~ 10 M€, involving more than 40 researchers.

Other demonstration energy projects (National Laboratory for Industry, Technology and Innovation-INETI) were carried out under another PIDDAC area, Environmental Valorisation for Sustainability, focussing on the use of fluidised bed technology for combustion and pyrolysis of coal, biomass and wastes, with a total budget in 2005 of EUR 1.25 million. The four demonstration projects were co-financed by PRIME, with 75% funded by the European Commission.
At the moment, is being discussed the definition and a conceptual framework to design a new National Laboratory for Energy and Geology (LNEG). This conceptual framework is articulated with the task of a commission appointed by the Portuguese Government, which should provide specific recommendations on how to organize LNEG making use of key capacities of INETI in related areas. The coupling of energy and geology in a newly designed state laboratory represents an excellent opportunity for the further development, coordination and demonstration of CCS in Portugal.

Other important R&D topics related to CCS pursued in Portugal are in the field of gasification processes and predictions in boilers/furnaces, both from a computational (mainly CFD) and experimental point of view. Most of these activities are developed within the public research framework, mainly by university research centers and INETI.
3 Implementation

Recently the Portuguese government defined a new ambitious policy regarding CCS implementation, where:

· Until 2010, is expected operational kick-off of new CCGT plants, "zero generation" at fuel stations and promotion of co-combustion techniques (replacement of 5% to 10% of coal consumption with biomass at Sines and Pego stations)
· Until 2020, the goal is to promote carbon sequestration technologies ensuring Portugal is at the forefront of the top 12 coal stations, and investing strongly in innovation. In this sense, 800 MW of clean coal goals at Sines will enable Portugal to lead innovation when it comes to tackling climate change.
In this context, and within the framework of CO2 emission reduction, EDP announced its interest in carbon clean technologies development and implementation, although no specific details haven publicly released.

4 Public acceptance

Given the horizontal framework of CCS with respect to the Portuguese government structure, there is no specific public organization that deals with CCS public acceptance. In this case, public acceptance is addressed by all the ministries involved. 

Although there no specific initiatives directed at public acceptance in Portugal, and also to the level of awareness with respect to CCS, given the lack of experience in CO2 storage and the lack of large scale demonstration projects in Portugal, it is easy to guess that the level of awareness is not so significant. However, some NGO’s in Portugal already demonstrated some resilience to the implementation of CCS technology in Portugal. In this sense, the level of awareness with respect to CCS and the implementation of specific initiatives directed at public acceptance are crucial to Portugal if CCS is to be considered as one of major strategies to meet the government policy and targets.

5 Government policy

On 24 October 2005, the National Energy Strategy was approved, substituting for the previous 2003 strategy. The strategy defines the major political guidelines and most relevant measures in the energy area, with the following principal objectives:

• To guarantee security of energy supply, by diversifying primary resources and energy services and promoting energy efficiency.

• To stimulate and encourage competition, protecting consumers and promoting corporate competitiveness and efficiency.

• To guarantee the environmental adequacy of the energy process as a whole, reducing its environmental impacts on a local, regional and national level.

In this sense, has mentioned before, recently the Portuguese government defined a new ambitious policy where:

· Until 2010, is expected operational kick-off of new CCGT plants, "zero generation" at fuel stations and promotion of co-combustion techniques (replacement of 5% to 10% of coal consumption with biomass at Sines and Pego stations)
· Until 2020, the goal is to promote carbon sequestration technologies ensuring Portugal is at the forefront of the top 12 coal stations, and investing strongly in innovation. In this sense, 800 MW of clean coal goals at Sines will enable Portugal to lead innovation when it comes to tackling climate change.
Although specific details on this new government policy where not yet publicly announced (including investment phase, operational phase, CO2 allocation plan), the announcement of such specific goals indicate that the Government is strongly in favor of CCS as a climate reduction option.

6 Lessons for ZEP

The Portuguese government and other Portuguese stakeholders (in particular EDP) have shown high interest in the collaboration of ZEP. The clear ambitions of having until 2020 800 MW of clean coal goals at Sines will enable Portugal to lead innovation when it comes to tackling climate change.

Additionally, as far as R&D activities are considered, Portugal has a long experience in the field of gasification processes and predictions in boilers/furnaces, both from a computational (mainly CFD) and experimental point of view. Furthermore, the new National Energy and Geology Laboratory will represent an excellent opportunity for the further development, coordination and demonstration of CCS technology 

Given the early stage of CCS development in Portugal, main issues that must be addressed to enable a clear take-off of CCS technology in Portugal, include:

· Monitoring the level of awareness with respect to CCS in Portugal;

· The implementation of specific initiatives directed at public acceptance;

· Qualification of deep saline aquifers for CO2 geologic storage in Portugal, from an economic and risk assessment point of view;
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