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Decadal Climate Predictability
Jochem Marotzke

Max Planck Institute for Meteorology

Bundesstrasse 53

20146 Hamburg, Germany
A curios apparent paradox arises from considering the timescales over which prognostication of weather and climate is possible. We can confidently predict weather for several days in advance, and we have very good arguments for why weather prediction is impossible over longer than about a fortnight. We are also confident that, subject to reasonable assumptions about the future concentrations of greenhouse gases in the atmosphere, anthropogenic global warming will be easily recognisable against natural climate variability by the year 2100. But if we are asked about the climate a decade in advance, we, the research community, have remained surprisingly silent. This silence is about to end, as I will show in my presentation. 

Over a decade, natural and anthropogenic influences on climate variability and change are about the same order of magnitude. To predict climate a decade into the future requires that we must merge two types of prediction that have in the past been treated as strictly separate. Edward Lorenz classified as prediction of the first kind the starting of a forecast from known initial conditions, with constant boundary conditions. He classified as prediction of the second kind a forecast that ran over such long times that the initial conditions became immaterial. Weather forecasting is a prediction of the first kind; the centuries-long climate simulations such as assessed by the IPCC are predictions of the second kind. A quiet revolution is occurring in the weather and climate research community, by overcoming the classical distinction between weather and climate, between predictions of the first and second kinds, through what has been termed the seamless prediction of weather and climate. 

The concept of seamlessness recognises that many problems cannot be neatly separated into the two simple categories of Lorenz, but are combined prediction problems of both the first and second kinds. The earliest application of the combined problem is that of seasonal prediction, in particular of the El Niño phenomenon, which is considered by some to belong to weather forecasting, by others to climate prediction, by some to both, and by some to neither. (Notice that seasonal prediction cannot make statements about individual weather events but only about the statistics of weather events). The crucial contrast to the IPCC simulations is that seasonal prediction simulations are initialised from the observed climate state, whereas the IPCC simulations start somewhat arbitrarily from a point within a very long control run. Therefore, the name “projection” is normally used for the IPCC simulations, to reserve the term “prediction” for simulations starting from observed states. 

The promise of longer-term climate prediction rests in the long “memory” residing in elements of the climate system, in particular the oceans, but also in the cryosphere (sea ice and snow cover) and land surfaces, in particular soil moisture. The climate research community has just started to extend the scope of climate predictions from the seasonal to the decadal timescale, which presents completely new challenges but also completely new applications. The challenges include the necessity to initialise the global ocean, not just the tropics; to initialise the cryosphere; and to initialise soil moisture. The applications include the potential of stating, in probabilistic terms and with some quantitative measure of confidence, the climate behaviour several years into the future. In my presentation I will outline recent progress in decadal climate prediction and plans for the near future.
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ANTHROPOGENIC CLIMATE CHANGE AND ITS MODELLING

Hartmut Grassl

Max Planck Institute for Meteorology,  Hamburg

The enhanced greenhouse effect of the atmosphere and increased atmospheric turbidity have stimulated global climate change whose net effect is warming at the surface of the Earth and a cooling in the  higher atmosphere as well as a shift of rain belts and sea level rise. Continued use of fossil fuels will accelerate climate change. Depending on the future energy supply system and the degree of  multilateralism climate at the end of the century will be at different levels of a non analogue state. Can a soft landing still be achieved? A  partial answer will be given.
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Climate Change and Extreme Events

Christoph Schär
Institute for Atmospheric and Climate Science, ETH Zürich
schaer@env.ethz.ch

The scientific assessment of extreme weather events in a changing climate is a tremendously difficult task. This difficulty is due to the fact that changes in mean conditions (e.g. mean seasonal precipitation) do not directly relate to changes in extreme events (e.g. frequency of heavy precipitation events and floods). Until a few years ago, the scientific consensus on extreme events in a changing climate has thus been rather weak. In particular, the previous IPCC reports (1991, 1996, 2001) on climate change have expressed a lot of well-founded scientific caution. In the last 10 years, progress in this area has been rapid and become evident in three distinct areas: climate models, observational data and theoretical understanding. With the fourth IPCC report (2007), the assessment of extremes in a changing climate has thus begun to yield a coherent picture, at least in some regions and for some of the extremes of interest.

In Central Europe, the anticipated mean warming will give rise to an increase in anomalously warm periods in all seasons (including short-term temperature extremes and heatwaves). Of particular concern are the associated changes in the summer season, as they lead to conditions that are not known from the historical past. Experience with the extreme summer 2003 demonstrates that pronounced summer heatwaves are likely to imply considerable impacts upon public health, agriculture, energy production, forest fires, water resources, tourism and other sectors. Regarding the winter season to the north of the Alps, most climate simulations project an increase in mean precipitation and an increase in the incidence of heavy precipitation events. Together with a significant rise of the snow line, these changes have the potential to lead to an increase in floods. For the summer season, most climate models predict a substantial decrease of summer precipitation and an increase in interannual (year-to-year) variability. The associated net effect upon droughts and water resources is still difficult to assess, as the role of soil moisture, surface water and ground water resources in the context of these changes is poorly understood. Despite a projected reduction of mean summer precipitation – the majority of models simulates an increase in the occurrence of heavy summer precipitation events. The latter change illustrates the complexity of the summer climate, which may be facing a decrease in mean precipitation, but also an increase in heavy precipitation events. Some but not all of the anticipated European climate changes are consistent with observational trend analyses of the last decades. 

While scenarios for climate extremes are still considered uncertain, emerging results are sufficient to call for a new approach in risk analysis and management. In the past, regional risk analyses have largely assumed that the observations of the past provide an estimate of the future occurrence of extreme events. There is sufficient evidence to reject this paradigm. In relation to future risk management and adaptation strategies, it is thus of key importance to account for anthropogenic climate change.
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Options for Capturing Carbon Dioxide from the Air

Klaus S. Lackner

Columbia University New York

Currently, the global community is paralyzed as the desire for a higher standard of living and the need to maintain a stable environment collide.   Rapidly rising living standards are straining the world’s energy infrastructure to its limits and are causing a relentless increase of atmospheric carbon dioxide concentrations.  Eliminating the specter of climate change demands no less than the complete cessation of net carbon dioxide emissions.   Without a technological solution that can satisfy the world’s rapidly growing energy needs and curb the build-up of carbon dioxide in the atmosphere, the world will face an energy and environmental crisis of unprecedented proportions.   Implementing any such solution will require a revolution in the energy sector, leading either to alternative sources of energy or, more likely, to an energy infrastructure that ensures that for every ton of carbon taken out of the ground another ton of carbon will be captured and disposed of.

For large stationary emitters of carbon dioxide, like power plants, steel plants or refineries, the easiest way to become carbon neutral is to capture the carbon dioxide at the point of emission.  However, more than a third of all emissions stem from small distributed and often mobile sources of emissions, like cars and air planes.  For such sources the ability to recover carbon dioxide from the exhaust stream is limited; and a better strategy would be to capture the carbon dioxide in amounts equal to those emitted directly from the air.


Every tree demonstrates that capture of carbon dioxide from the air is physically feasible. In addition, technologies that are more effective than trees at scrubbing carbon dioxide out of the air have been developed more than half a century ago.  They all take advantage of chemical sorbents that in the recycle step deliver a concentrated stream of carbon dioxide that can be pressurized and sent for storage.  It has been shown that the chemical reactions utilized by these capture devices are fast enough and the energy demand small enough to allow for an effective carbon dioxide collection system.  Demonstrations have shown that air capture is physically feasible; what remains to be demonstrated is its commercial viability.  There is reason to be optimistic. A systems analysis approach reveals that air capture can be implemented at a cost and energy penalty that is only slightly larger than the cost of scrubbing carbon dioxide directly from a conventional power plant flue stack.

The development of air capture provides an eminently practical and straight forward solution to a complex problem.  Because air mixing times are so much shorter than the time for significant accumulations, air capture can separate carbon dioxide sources from sinks temporally and spatially.  By capturing carbon dioxide in Australia, it would be possible to compensate for emissions that occur in Europe or North America. It is also possible to collect carbon dioxide before or after the emission for which it is supposed to compensate.  For example, an oil tanker with all of its oil could be made effectively carbon neutral by collecting an equivalent amount of carbon dioxide in a remote location with access to storage, even before the tanker arrives at its destination, and long before the oil delivered by the tanker is converted to carbon dioxide.

Air capture can be implemented without modifying or abandoning existing infrastructures.  This removes a major obstacle to its introduction.   It also suggests that air capture as a solution may become more widespread than would be justified based on first principles.  It also suggests that the time for its introduction could be quite short.  On a country scale, it could be as fast as the transition to nuclear energy in France, which was essentially completed within twenty years

Air capture can serve several needs.  Initially, it will be used to provide carbon dioxide for commercial uses, for example for enhanced oil recovery.  In these applications, any greenhouse gas reductions would be either coincidental or a welcome byproduct.  However, these value-added applications where carbon dioxide is harvested for its value would allow for the development and refinement of the technology.   Once the technology has established itself in such a niche, the next step is to capture and dispose of carbon dioxide from the air for the primary purpose of offsetting emissions of carbon dioxide at other locations.    The combination of the capture of carbon dioxide from the air with carbon storage technologies provides a true carbon offset option, that is qualitatively different from many of the rather dubious offset schemes that rely on clever accounting to compare actual emissions with hypothetical emissions under a “business as usual scenario.”   In the case of air carbon dioxide capture and storage, there is no question about additionality and definition of baselines.  An air capture carbon management system will have matured, once gasoline and diesel are routinely sold with carbon dioxide capture included in the price of the fuel.   At €30 per ton of carbon dioxide, which is a not unreasonable price goal, the carbon dioxide capture cost embedded in the price of gasoline would amount to 7¢ per liter.

Air capture could grow beyond this point, and begin to play a role in other carbon dioxide emission reductions.  For example, it could be deployed to deal with the residual emission from power plants after 85% of the carbon dioxide has been scrubbed.  In short, with the help of carbon dioxide capture from air, it would be possible to reduce net emissions to zero.   This would not only mean that air capture could clean up small residual emissions within a country, but it could also be used to compensate for the emissions of poor developing nations, who have not yet managed to deal with their own carbon footprint.  Since, in contrast to the cost of scrubbing at the source, the cost of air capture does not rise sharply as net reductions approach 100%, it would even be possible to reduce the atmospheric level of carbon dioxide by capturing more carbon dioxide than is emitted.  Air capture technology is one of the few technological options that actually permits the return to lower levels of carbon dioxide in the air without waiting for natural processes to absorb the carbon dioxide.

For air capture of carbon dioxide to play this role in managing carbon, it is necessary that the safe and permanent storage of carbon dioxide is developed as well.  Geological storage, sub-ocean storage and mineral sequestration are all technologies that have demonstrated promise but they need to be pursued further before a sink for the carbon dioxide has been established.   They have been described in the IPCC report on Carbon Dioxide Capture and Storage.

Air capture, however, can also play an important role in a future energy economy that may have abandoned fossil energy resources in favor of renewable or nuclear energy, but still uses liquid hydrocarbons as an exceedingly convenient and practical carrier of energy.  Just as the proponents of a hydrogen economy suggest that renewable or nuclear energy should be used to convert water into hydrogen and oxygen which would be recombined at the point of use of the energy, it is also possible to create a carbon based energy economy which would use non-fossil energy sources to create carbon based energy carriers from water and carbon dioxide.

In summary, air capture technology provides a path forward that, in combination with carbon dioxide storage, and synthetic fuel production makes it possible to develop an energy infrastructure that retains the desirable attributes of the current infrastructure while solving the major challenge of climate change.
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Solar Radiation Management 

Johann Feichter 

Max Planck Institute for Meteorology 

Hamburg 

In November of 2006 the NASA Ames Research Center and the Carnegie Institution of Washington, Department of Global Ecology at Stanford University sponsored an expert workshop on the use of “solar radiation management” as a strategy for coping with the challenge of climate change. The basic concept of managing Earth's radiation budget is to reduce the amount of incoming solar radiation absorbed by the Earth so as to counterbalance the heating of the Earth that would otherwise result from the accumulation of greenhouse gases. 

Recently, this discussion has been reignited in the scientific community due to an article by Paul Crutzen, in which he suggested the injection of large amounts of sulphur dioxide in the Earth's stratosphere building up sulfate particles and reflecting part of the solar radiation. This is analogous to the climate effect associated to the injection of particulate matter into the stratosphere through volcanic eruptions. For example, the eruption of Mt. Pinatubo in 1991 caused a reduction of global average surface temperature that was recognizable for more than two years afterwards and reached a maximum of about 0.5 K. In addition, several other geoengineering methods to manipulate the radiative budget of the Earth have been suggested, as for instance, reducing the incoming solar radiation through space-borne reflectors at the Lagrangian point, modifying low level marine cloudiness via the injection of additional condensation nuclei and modifying the surface albedo. 

However, the concept of solar radiation management poses a risk of unintended side effects because it does not neutralize the greenhouse effect which acts on thermal radiation. Reducing the solar insolation at surface will not only exert a cooling but additionally it might damp the hydrological cycle, it might impact the actinic fluxes and subsequently the chemical composition of the atmosphere and it might also reduce the photosynthetically active radiation. 

We will review the literature and present some results of first explorative simulations using the Hamburg Earth system model. 
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Climate Engineering: A Critical Review of Aerosol Approaches to Changing the Global Energy Balance

Thomas Leisner,
 Institut für Meteorologie und Klimaforschung, Forschungszentrum Karlsruhe, Germany

The intergovernmental panel on climate change (IPCC) has identified the anthropogenic modification of the atmospheric aerosol distribution as the most important man made cooling process in the atmosphere. To a large extend, the strong climatic impact of aerosols is due to their ability to modify the spatial and temporal distribution and the optical properties of clouds. The IPCC states further, that “… cloud feedback remains the largest source of uncertainty in our ability to predict future climate”. Considering the extremely low mass mixing ratio of aerosol particles in the atmosphere when compared to the relevant greenhouse gases, it becomes evident that aerosol modifications might indeed provide a powerful lever for deliberately cooling the surface of the earth. In the light of the recently intensifying discussion on global warming, there have been several proposals that rely on the feasibility of such concepts.

In this contribution, some of these approaches to modify stratospheric or tropospheric aerosol and cloud distributions will be presented and the physical and meteorological concepts behind them will be discussed. The state of the scientific discussion about such deliberate actions to modify the climate, which is just emerging, will be reviewed.
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The temperature dependence of global rainfall patterns


W. S. Broecker 
Lamont-Doherty Earth Observatory of Columbia University, Palisades, 
 New York 10964-8000, USA (*correspondence: broecker@ldeo.columbia.edu)


Based on computer modeling, Held and Soden predict that the coming global warming will dry out the extratropics and bring extra rainfall to the tropics. We test this prediction against the situation for the last glacial period and find that indeed there was a large increase in rainfall at temperate latitudes and a suggestion of a reduction in rainfall in the tropics. As the decrease in ice cover from glacial to Holocene was far less than that which will be generated by global warming, we use the difference in response between the LGM (26 to 18 kyrs) and the Mystery Interval (17.5 to 14.5 kyrs) as a means of separating the impacts of cooling and ice cover. Our conclusion is that the glacial record supports the Held - Soden hypothesis.
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What to Do? Does Science have a Role?

Klaus Hasselmann

Max Planck Institute for Meteorology , Hamburg 

The reality of anthropogenic climate change is no longer seriously disputed. The relevant question today is no longer whether climate is changing, but what should be done to prevent global warming from exceeding dangerous levels (typically estimated as about 20C above the pre-industrial level). There is also agreement that there exists a wide range of promising mitigation technologies - summarized in this meeting - that in combination should be able to limit climate warming within these bounds. The Stern report and other analyses have emphasized that the estimated mitigation costs are significantly lower than the anticipated climate damage costs and are, moreover, well affordable for a modestly growing global economy.  

In stark contrast to this widespread consensus, there exists no general agreement on the most effective national and international policies that should be applied to achieve the necessary major transformation of our present unsustainable fossil-based global economic system into a sustainable carbon-neutral system. Much of the current policy debate is clearly (and unavoidably) driven by vested stakeholder interests. Science therefore has a critical role to play in providing policymakers with objective analyses of alternative climate policies. Unfortunately, it is argued that most economic-equilibrium models that have been used for such analyses in the past are inappropriate for the study of the relevant dynamic non-equilibrium global adjustment process. However, a number of dynamic multi-agent models based on complex-system analysis are currently in development that promise to give more realistic assessments. An overview of some of these approaches will be given. 
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The dimensions of adaptation
Hans von Storch,
 Institute for Coastal Research, GKSS, Germany

Adaptation to environmental risks and opportunities is an ubiquitous and ever existing social practice. In past schools of thinking, the issue of the influence of climate on society was subject to broad concepts of environmental determinism. People were thought to be in equilibrium with “their” climate. In modern times the issue has resurfaced as the more practical question how a changing climate would influence social and economic conditions. What is the impact of changing climate, and how would, or should, societies respond properly? One option is to adapt to risks, opportunities and changes. 

The concept of adaptation has at least two dimensions. One is the role of adaptation, in com​parison to that of mitigation, in the public and the scientific debate. To what extent is this debate determined by scientific issues and to what extent by social and cultural constructions? The other dimension is made up of practical considerations – which adapta​tion options exist? These considerations have something to do with specific time periods, regionally specific changes. Scenarios, downscaling, regional detection and attribution, vul​nerability, communication are key concepts in this context. 

See also: Hans von Storch, 2004: On adaptation. An essay about our perceptions and res​ponses to the concern of anthropogenic climate change.

 http://coast.gkss.de/staff/storch/pdf/engelberg.doc. Academia Engelberg, 29.9. - 1.10.2004, Engelberg, Switzerland, 
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Challenges for Future Energy Usage
Eckhard Rebhan

Institut für Theoretische Physik, Heinrich-Heine-Universität Düsseldorf

In the history of mankind, during the last 2000 years the world’s population and the average per capita energy consumption have increased continuously, the former at a rate even greater than exponential. By now a situation has been reached in which energy resources, which for a long time have been treated as though they are almost inexhaustible, are running short. The ongoing growth of the world’s population and a growing hunger for energy in underdeveloped and emerging countries mean that the yearly overall energy consumption will at least double, if not quadruple by 2050. This massive energy consumption has led to and is progressively leading to severe changes in our environment and is threatening a climatic state that, for the last 10 000 years, has been unusually benign. The coincidence of a shortage of conventional energy resources with environmental hazards is a dangerous threat to the well-being of us all, but simultaneously it is a challenging opportunity for improvements in our energy usage.
On a global scale, conventional methods as the burning of coal, gas and oil or the use of nuclear fission will still dominate for some time. In their case, the challenge consists in making them more efficient, environmentally benign and using them only where and when it is unavoidable. Alternative energies must be expanded and economically improved. Among them, promising technologies such as solar thermal and geothermal energy production should be promoted from a shadow existence and further advanced. New techniques, for instance nuclear fusion or transmutation of nuclear waste, are also quite promising. Finally, careful analysis of the national and global energy flow systems and intelligent energy management with emphasis on efficiency, overall-effectiveness and sustainability will acquire increasing importance. Thereby, economic viability, political and legal issues as well as moral aspects like fairness to disadvantaged countries or coming generations must be taken into account as important side conditions.

In this lecture, first a short summary of the present energy situation and the resulting challenges will be presented. Then we try to identify the most important measures that can and should be taken up.
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Solar Thermal Power Plants

Henner Gladen
Solar Millenium AG

The talk informs about the solar thermal power plant technology, the opportunities it presents and the developments in the market. The differences in technology and application compared to the use of photovoltaic systems more common in central Europe are explained. 
The main focus is on the technology of parabolic trough power plants, a proven technology for solar power generation on a large scale. In a parabolic trough power plant, trough-shaped mirrors concentrate the sun rays onto a pipe in the focal line of the collector. The thermal energy thus generated is used for electricity generation in a steam turbine. Integration of a thermal storage system means that availability of the electricity can be scheduled. Thus, solar power plants can also generate electricity after sunset. Solar Millennium AG in Erlangen has developed the first such power plant in Europe – after two years of construction it will begin operation in southern Spain this summer. This power plant and its sister projects are important projects leading the way for the whole market. 
The talk also covers the technological challenges, the key components used as well as the research and development activities concerning this technology. Solar thermal power plants are ideal for covering peak and medium loads in power grids. In hybrid operation these solar power plants can also cover basic loads. The talk concludes with a look at the future – the import of solar energy from the deserts of North Africa to central Europe.
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Energy from Wind – Perspectives and Research Needs

Hermann-Josef Wagner

Lehrstuhl für Energiesysteme und Energiewirtschaft

Ruhr-Universität Bochum, Bochum

Wind energy has a high potential for electricity production in northern Europe and also in Germany.

The further extension of production of electricity by wind is restricted until wind converters of 5MW-class are available in a good technical shape, grid extension has been done and funding for big off-shore wind parks was established. Also sufficient conventional power capacity as back up has to be made available.

There are a lot of activities to find solutions for all these problems. To promote wind energy one important point is to identify research needs and to carry out research work.

The presentation starts with considerations of today and future wind use. Then the research needs will be described. Finally two research activities will be presented in detail: one concerning life cycle analysis, a second concerning storages by connecting wind energy with the grid.
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Energy Storage in Advanced Batteries

PD Dr.-Ing. Petr Novák

Paul Scherrer Institut, Electrochemistry Laboratory, CH‑5232 Villigen PSI, Switzerland

Climate change, oil dependency, and urban pollution are just a few examples of the urgent need to shift from an oil-based economy to a low carbon-content energy carrier economy. Among the various attractive energy carriers, electricity is prominent. In combination with renewable resources, energy storage can increase the value of photovoltaic and wind-generated electricity, making supply coincident with periods of peak consumer demand. One of the major technological challenges in this new century is therefore unquestionably the storage of electricity. The fast-developing research in this field focuses on electrochemical storage devices, in particular rechargeable batteries, electrochemical supercapacitors, and the hybrids of both.

The technical breakthrough in electrochemical energy storage was the establishment of the new lithium-ion battery technology. In lithium-ion batteries both the negative and positive electrodes are made from electronically conductive matrix materials which are able to reversibly accommodate (insert) variable quantities of lithium ions. So far, electroactive insertion materials used in commercial lithium-ion cells are based on lithiated carbon (LiC6) and lithium transition metal oxide LiMO2, typically on the basis of cobalt, nickel, and manganese.

Nowadays the lithium based battery systems have the potential to achieve a final ‘breakthrough’ in the search for a high performance and cost effective battery system in future vehicles, standby power, and similar stationary power applications. These systems are not yet cost-competitive for large-scale applications, such as electric or hybrid-electric vehicles, wind, and solar energy. Breakthroughs in materials, interface design, and new concepts are all essential if these systems are ever to satisfy increasing worldwide demands.

In the seminar an overview of the challenges in the battery technology with the focus on the lithium-ion battery system will be given.
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Energy from Biomass

Sven Kullander, 
Royal Swedish Academy of Sciences

Mankind is currently faced with the huge challenge to secure a sustainable supply and usage of energy. This is accentuated by increasing oil prices, decreasing oil reserves, growing energy consumption and the threat to the environment and climate. Bio-energy is one component of the energy supply chain and will surely increase in importance, although it will compete in its usage for the production of food, paper pulp and wood materials for construction.  Moreover, decreasing supplies of cheap fossil fuel energy, which are a prerequisite for the contemporary highly intensive agricultural and forestry industries, will result in lower yields.

Bio-energy contributes between 10 and 15 % of the global energy consumption. Uncertainties regarding the forecasting of bio-energy production are considerable. The International Energy Agency (IEA) has recently assessed the possibility of generating additional energy from biomass. The assessments vary between 0.1 and 3 times the world’s current total energy supply which is currently 130,000 TWh. This shows how difficult it is to make reliable forecasts regarding the role of biomass in the future.

The Energy Committee of the Royal Swedish Academy of Sciences has recently completed its study on bio-energy which will be presented at the seminar. The main conclusions of the study are:

Production of food rather than bio-fuels should be prioritized.

Use of forest bio-mass should not jeopardize bio-diversity and climate.

Global bio-energy supply may be doubled using residues from forestry and agriculture.

Swedish bio-energy production m
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Energy Efficiency - a Key to Sustainable Housing
Wolfgang Feist, Jürgen Schnieders

Universität Innsbruck
Passivhaus Institut, Darmstadt
Buildings account for approximately 40% of the world energy consumption. Reducing the non-renewable fraction of this energy consumption is therefore crucial for sustainability. A successful approach to this problem is the improvement of energy efficiency, particularly concerning heating energy. 
Passive Houses, as an example for energy efficiency in buildings, allow for a reduction of the heating energy demand by a factor of 10. This is achieved by improving the thermal quality of the required components, rigorously applying physical principles. Walls,  roof and floor slab are well insulated, improved glazings and window frames have been developed, thermal bridges are eliminated, the building envelope is made airtight, and heat is recovered from the ventilation air. 

The additional investment for this high efficiency is limited because conventional heating systems are not required any more - heating the supply air from the ventilation system is sufficient. At the same time, thermal comfort is improved because the heat flows are substantially reduced. 

Extremely high efficiency, like in a Passive House, makes a fully renewable energy supply economically and technically feasible, although it is still more expensive than using conventional energy carriers.

The combined advantages in terms of ecology, economy, hygiene and thermal comfort have, to date, led to the realisation of approximately 10000 dwelling units in Passive House standard. The principle has proven to be simple and robust, and complex physical considerations have been replaced by simple tools which can be used by architects in their daily practice.  
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Carbon Dioxide Capture and Storage: Potential and Pitfalls

Jason Anderson

Head of Climate Change Programme

Institute for European Environmental Policy, Brussels

Carbon dioxide capture and storage is a technology that holds a great deal of promise to reduce emissions from large point sources like coal fired power plants. However, there are a number of concerns, such as the feasibility and acceptability of storing CO2 waste indefinitely in the natural environment, the high cost, and the practical difficulty of moving from the current research phase to commercialisation.

This presentation will address current research into each of these areas, with a focus on environmental risk assessment in carbon dioxide storage, including the technologies to monitor CO2 and the strategies to apply them. We also examine the interaction of technical risk assessment with public perception, and the critical role of being able to develop stakeholder participation and communications strategies. With European legislation on CCS having recently been proposed, we examine the potential it has to manage risk and help the technology find an appropriate role in a future clean energy supply. This includes consideration of the use of public funding at EU and Member State level, for which there is as yet no comprehensive approach.
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Prospects for Transmutation of Nuclear Waste

Alex C. MUELLER

National Institute for Nuclear and Particle Physics

CNRS, 75016 Paris, France


One important aspect of sustained growth is the long-term availability of energy resources and their environmental impact. Current scenarii typically predict a doubling of the primary energy need for 2050. Yet on the other hand an environmental policy is required that would ensure a major reduction in emissions of green-house gases in order to combat climate change. In order to be effective such a policy should rely on a thorough scientific life-cycle analysis of the total environmental impact. 


Concerning nuclear energy, it is often advocated as having an (almost) "zero"-contribution to global warming and being economically competitive. For Europe, e.g. the amount of CO2 avoided by the use of nuclear power has been estimated by the European Commission to correspond to about 900 million tones, i.e. roughly equivalent to the transport sector. Such (and other) facts underline that it seems rather unlikely to reach the 2020 EU CO2 reduction target of 20% without also an increase of the nuclear share in the mix of the energy-generating systems to be deployed in the future.


For the horizon of, say, 2040 for an industrial deployment, a large international effort is presently made on the "generation-4" nuclear reactors that would comply in an ideal way to the criteria of sustainability, safety, reliability and proliferation resistance. However, the use of nuclear energy is heavily debated in many European countries because of the long-term environmental burden of nuclear waste from the present-"generation-2" (and immediate future "generation-3") PWR reactors.


To counter the lack of progress in implementing the radioactive waste disposal in geological repositories, the concept of Partitioning and Transmutation (P&T) has been elaborated. It has the aim to extract and transmute a large part of the radiotoxic waste. Getting thus rid of its associated energy content and reducing the volume of the waste the capacity of a repository will by greatly increased and their required number strongly reduced. Reducing, e.g. for the minor actinides the radio-toxicity to a few hundred years could change the adverse public perception that the safety of repositories cannot be guaranteed for hundred of thousands of years. 


Transmutation requires the deployment of dedicated "burner"-reactors with a fast neutron spectrum.  Both critical and sub-critical reactors are potential candidates as dedicated transmutation systems. Critical reactors, however, loaded with fuel containing large amounts of minor actinides (Americium and Curium) pose problems caused by unfavourable reactivity coefficients and small delayed-neutron fractions. A sub-critical system using externally provided additional neutrons is very attractive since it allows maximum transmutation rate while operating in a safe manner. Coupling a proton accelerator, a spallation target and a sub-critical core, the name ADS, for Accelerator Driven System, is used for such a reactor.


The talk will give an overview on all these issues and report on R&D efforts that the author is involved with in the context of EURATOM projects, namely including the development of a dedicated proton-accelerator for ADS.
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The Path to Fusion Power

Chris Llewellyn Smith

Director UKAEA Culham Division

Chairman, ITER Council

Chairman Consultative Committee for Euratom on Fusion

Fusion, which powers the sun and stars, is potentially an environmentally responsible and intrinsically safe source of essentially limitless energy.  The Joint European Torus (JET) has produced 16 MW of fusion power, and construction of a power station sized device called ITER (International Tokamak Experimental Reactor), which should produce at least 500 MW, is about to begin.  Further work on fusion technologies is also needed, including construction of the proposed International Fusion Materials Irradiation Facility (IFMIF) which will test materials that will have to stand up to years of intense neutron bombardment in a fusion power station.  Given i) its potential attractions (which include essentially limitless fuel, and the absence of green-house gas and of long-lived radio-active by-products), and that ii) it looks as if the economics of fusion power will be acceptable, the time has come to develop fusion as rapidly as reasonably possible.  The status and potential advantages of fusion will be described, together with the outstanding challenges, the remaining steps and a timetable for developing fusion power. 
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Hydrogen as Energy Carrier

Ferdi Schüth

Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, 45470 Mülheim

Hydrogen is presently being discussed as a possible energy carrier for a future energy system. One of the key challenges in order to implement a hydrogen based energy system is efficient storage of hydrogen. Physical methods, such as compression or liquefaction, have severe limitations (energy losses, safety, boil-off, storage density), and therefore alternative means for hydrogen storage need to be developed. Chemical storage is a possible alternative, and various methods are being explored. The contribution will highlight some of the approaches which presently seem to be most promising. 

Chemical options for hydrogen storage include liquid carriers, such as methanol or ammonia. Also here materials related problems have to be solved, such as the synthesis of improved catalysts for the release of the hydrogen from these molecules or the development of complexes for storing large amounts of ammonia. These topics will only be briefly covered. The survey will discuss three systems in more detail: Adsorptive storage in carbon based materials and porous coordination compounds, the light metal imide/amide systems, and light metal hydrides. 

In spite of several optimistic reports, carbon based materials including carbon nanotubes do not seem to have the potential to reach the targets required for practical storage materials. The situation for porous coordination compounds is less clear. Conflicting reports on storage capacities have been published. Also in this case, however, a purely sorptive mechanism will probably not provide the storage capacity needed. This may be different, however, if additional effects, as specific chemical interaction or the existence of a gate pressure can be exploited. The light metal imide/amide systems have relatively high reported storage capacities. However, presently the temperature range in which they work is not suitable for combination with PEM fuel cells, and the ammonia which may be released in trace amounts could poison the membrane of the cell. Doped light metal hydrides, most notably NaAlH4 are presently the most developed storage materials. Reversible capacities of more than 5 wt.% with satisfactory kinetics and cycle stability have been achieved. However, the theoretical limit of about 5.5 wt.% is not sufficient for most applications, and therefore novel hydrides will have to be developed. Surprisingly little is known about the structures and stabilities of ternary and multinary light metal hydrides beyond some of the better studied compounds. This field is therefore highly interesting for materials scientists, and increased research efforts may lead to important discoveries which are of great technical relevance.
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