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Ladies and gentlemen

OH1: It is a pleasure to provide an overview of research in Norway related to materials for energy technology. Such research is primarily carried out at two academic institutions; 1. the universities in Oslo and in Trondheim; 2. at two applied research institutes; SINTEF and Institute for energy technology; 3. and at several companies, the major ones being Norsk Hydro, Statoil and Elkem.

OH2: 1. As we already mentioned this morning, Norway is a rich country with respect to natural resources. The population is small, 4.4 million, and the country is of the size of Japan - around 324 thousand square kilometres, and the gross domestic product is around 150 billion US $. The continental shelf has an area around three times the size of Norway.

2. The early development of metallurgical industry in Norway was very much due to hydroelectric power resources from waterfalls all around the coast. Today Norway is the 6th largest producer of hydroelectric power, producing around 115 TWh.

3. Since the first detection of hydrocarbons in the North Sea in 1967, and the start up of production in 1971, Norway has turned into a leading European oil and natural gas producing nation. Norway is now number two world wide with respect to export of crude oil. Hence, at present the access to both clean and fossil energy resources in Norway is excellent. 
OH3: Traditionally, materials research on structural materials has been in focus in Norway, partly owing to light metal production, and partly because of oil- and gas industry, as well as polymer industry. Special competence has been developed for construction of offshore installations, examples being the concrete pillars of the Condeep and Statfjord C drilling platforms, as well as the use of steel in construction of pipelines for gas to the European continent. 

OH4: In an energy picture where improvements are targeted towards reduced emissions, structural materials remain important. In particular the use of light constructions in cars, aeroplanes etc will facilitate reduced fuel consumption and hence give reduced emissions. These fields are of future interest for Norwegian industry and research.

OH5: 1. In a global perspective, there is no doubt that fossil fuels will remain the most important energy source during the next 50 years. At the same time, the perturbations of the global climate likely caused by greenhouse emissions, calls for renewable and environmental friendly energy sources. 2. On the way towards zero-emission energy systems, natural gas may partly replace polluting coal and also oil. It remains however a huge challenge to find acceptable energy sources for filling the coming large gap in future energy demands. 

OH6: In Norway, the energy situation dominated by hydroelectric power and production of oil and gas will continue for the next coming 50 to 100 years. The red colour is here used to indicate that environmental challenges are connected with the latter. The conversion of chemical energy stored in hydrocarbons involves combustion processes that typically give emissions of nitrogen oxides and carbon dioxide, being respectively of local and global character with respect to environmental impact. The energy efficiency of such conversion is furthermore rather modest. 

OH7: 1. Of high future priority is research on environmental friendly technology that uses renewable energy sources; sun, wind, waves, hydropower, etc. 2. The main goals of such research at the intersection between energy and environmental technology are to find solutions that facilitate energy production, storage and use without unacceptable emissions. In this respect materials research must provide advanced materials as the necessary basis for such new technologies. 3. In the afternoon today, two such research topics will be considered in more detail; materials for solar cells and oxides for energy applications.

OH8: 1. Renewable energy sources, natural gas and hydrogen will emerge as the energy technologies of this century. Hydrogen technology may become important already during the next few decades, however, full implementation is first expected on a longer time scale. 

2. Just like in hydrogen technology, the use of natural gas as a rather clean energy source requires advanced materials. Use of membrane technology, catalysts and fuel cells may improve the energy efficiency and at the same time reduce emissions of nitrogen oxides and carbon dioxide.

OH9: 1. Materials science combines knowledge on synthesis with insight in structure – property relations with the aim of monitoring the yield of a material with respect to a given property. During the last years, such research has provided the world with many new chemical compounds, some of which having physical properties never imagined before. 2. Among complex oxides, chemically related materials with related atomic arrangements exhibit strikingly different physical properties and a variety of potential applications; ranging from high Tc superconductors, solid oxide fuels cells, magnetoresistors and ferroelectrics to oxygen permeable membranes.

OH10: The first example will consider catalysts for conversion of natural gas. In a broader sense, catalysts are of high importance in environmental technology. They facilitate reactions at low temperatures, they increase selectivity and conversion, and they may remove impurities, pollutants and toxic components. 

OH11: One newly developed process is the Methanol-to-olefin process, MTO. Natural gas is first converted via synthesis (that is carbon monoxide and hydrogen) gas into methanol. The next step is the olefin synthesis, from methanol to ethylene and propylene, which finally may be used in polymer production.
OH12: 1. The MTO reactions yielding olefins are facilitated by means of a microporous aluminophosphate SAPO-34 acting as catalyst. 2. The acidity of this catalyst is obtained by adding silicon to phosphor-sites in the framework. In combination with a unique pore structure this gives an atomic arrangement that allows selective conversion to olefins and excludes heavier products.

OH13: The wet gas component from the production in the North Sea is now increasing. In order to obtain added value from gas conversion, novel catalysts has been developed for dehydrogenation of propane into propylene. A layered compound, hydrotalcite, is used as precursor and is impregnated by catalytically active platinum and tin. On heat treatment, this water and carbonate containing precursor converts to an oxide with large surface area and high catalytic activity.

These two examples intend to show that Norwegian research is highly competent on tailoring catalysts for conversion of hydrocarbons. Such skill is of general relevance for environmental friendly technologies that involve fossil energy sources or similar energy carriers.

OH14: The bright dream of the hydrogen society, is to utilize renewable energy sources for conversion of water into hydrogen, which then acts as energy carrier, and which finally during combustion or reaction in a fuel cell converts back to water with release of energy in the form of electricity and notably with zero emissions.

OH15: Production of hydrogen, from natural gas or by dissociation of water by electrolysis or photolysis, requires catalytically active materials. Main challenges remain, however, with respect to the storage medium since liquid or pressurized hydrogen is less acceptable due to cost, safety or space restrictions. Solid absorbers are desirable, however, the required materials are not yet at hand. Finally, materials like fuel cells, membranes and catalysts are essential for conversion of the chemical energy into heat and electricity. 

OH16: Solid absorbers of hydrogen are of three categories: metal hydrides, carbon materials and microporous materials. In order to be used in the transportation sector, the storage medium should have high mass and volume densities of hydrogen, furthermore allow reversible charging and decharging at reasonable temperatures and pressures. The volume density of hydrogen in solid absorbers is far larger than for liquid hydrogen. Nevertheless, the lack of adequate materials represents a threat for rapid introduction of hydrogen technology. Substantial activities exist in Norway within metal hydrides and microporous storage media. 

OH17: Dense oxides with mixed ionic and electronic conduction have several applications. High temperature oxygen permeable membranes of such materials with infinite oxygen selectivity open for ultra clean syngas production without emission of nitrogen oxides and for GTL, gas-to-liquid, processes with reduced emissions of greenhouse gases. 

OH18: It is the crystal structure of the dense oxide that determines the gas diffusion through the membrane. When air is sent into the reactor, only oxygen ions can move via empty atom sites in the crystal structure through the membrane. Materials challenges exist with respect to chemical and mechanical stability of such membranes at operating conditions, which typically involve high temperatures and large gradients in oxygen partial pressure. In-situ studies and thermodynamic modelling are of high interest.

OH19: Ceramic membranes represent an interesting alternative to conventional syngas technology. By use of membrane technology, emissions of methane and carbon dioxide are strongly reduced. This is of interest in relation to processes where synthesis gas is further converted to liquid products, for instance in a Fischer-Tropsch reaction.

OH20: Solid-state proton conductors represent oxides with the ability to transport hydrogen ions, protons. Depending on the configuration, membranes of such materials may act as fuel cells and react oxygen with hydrogen to yield water and electric energy, or they may perform hydrogenation electrolysis or act as dehydrogenation pumps. Of particular interest is the use of mixed proton and electron conductors as membranes in connection with syngas production and hydrogen separation.

OH21: Offshore production of oil and gas, fossil fuel-based power stations as well as process industry, give rise to large emissions of carbon dioxide. There is an obvious need for new technology to separate and absorb carbon dioxide, with subsequent means for permanent storage, sequestration or for utilisation of carbon dioxide as raw material in other industrial processes. Again, unsolved challenges remain with respect to proper materials for gas absorption and separation. 

OH22: 1. The sun provides immense amounts of energy by radiation, which in solar cells can be converted to electrical energy or by photolysis to chemical energy. Silicon is the clue material in the present state-of-the-art solar cells. Other semiconductors could establish improved technology by higher energy efficiency in the future. On the world scale, Norway is the largest producer of silicon. 2. In order to meet an increased market demand, materials research related to efficiency, costs, feedstock and purity must be addressed. 3. In Norway, attention is given to research and education in relevant materials technology. Large and small companies are involved in production of raw material and wafers. For these, Japanese customers are of high importance.

OH23: 1. There is a strong increase in the value chain of silicon from raw material, via metallurgical grade, solar grade to electronic grade material. At the moment, there are feedstock limitations since solar grade material is typically obtained from scrap of electronic grade silicon. 2. It is therefore of high interest to develop novel routes to yield solar-grade silicon. Two options are possible, either improvement of traditional metallurgical routes or development of direct routes to solar grade silicon from the raw materials quartz and carbon. 

OH24: 1. Superconductors represent interesting materials of the future with respect to resistance free transfer of electricity and storage of energy in flywheels. In Norway there are basic research activities involving theory and experiments at the universities in Trondheim and Oslo. 2. Of interest in relation to energy technology is monitoring of flux pinning by controlled introduction of chemical purities and nanoparticles, and magnetooptical imaging that provides images of magnetic fields, see the visualization of magnetically coded information on a credit card. 3. This method can be used to depict magnetic fields originating from electric currents. It represents a mean of non-destructive visualization of currents in a superconducting wire. Variation in currents shows up in the contrast in the picture and it related to the microstructure of the material.

OH25: Earlier this month, the Oslo-group succeeded for the first time to obtain space-resolved information on the quantized flux lines in a type 2 superconductor, here being a single crystal of NbSe2. This represents actually direct observation of quantum phenomena through a light microscope. Norway has no applied research on superconductors, nevertheless, contributions from basic research activities are hopefully of importance for further development of this important research field.

OH26: To sum up: The energy technology of tomorrow must be a green technology, where the use of gas and in particular renewable energy sources like sun, wind, waves and hydropower increases on expense of older, polluting technologies. Hydrogen may soon turn into a key energy carrier. In order to have such new technologies available, intensive research must be devoted to materials that have the ability to convert or store different types of energies. The main challenges are now within materials technology. 

OH27: The strong tradition of Norway as an energy producing country gives Norway an opportunity to have ambitions of possibly playing a major role in developing new energy technology, a new environmental friendly technology. It is my hope that international collaboration may catalyse research processes towards new materials and new technology, to the benefit of the environment.

Thank you for your attention

