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Ladies and Gentlemen,

Let me start with two stories. 

In 1865 the great Victorian economist, Stanley Jevons, published an exhaustive study of the coal industry. It proved so influential that William Gladstone, then chancellor of the exchequer, devoted much of his budget speech to praising Jevons's achievement and implementing his recommendations.

Jevons had concluded that Britain would be unable to meet its future needs for coal. These requirements – 80 million tons in 1865 – would grow to 500 million tons in 1911 and 2,5 billion tons in 1961. 

In reality, British coal use did continue to grow for 50 years after Jevons wrote and reached a peak of 300 million tons in 1911 but by 1961 it had fallen to 200 million tons, less than 10% of his estimate.

This brings me to my second remark.

Every year the European Commission elects a European Inventor. This year's inventor is the italian chemist Catia Bastioli and her team at Novamont in Terni/Umbria, a fast growing chemical company. They got the award for bio-degradable plastics, particularly for their shopping bags made of starch.

Bio-plastics, which are based on insoluble starch, can be turned into a near infinite range of products, including shopping bags, disposable cups, sheet mulch and even car tires. They are renewable, recyclable, reusable, and they turn into soil within three or eight weeks in a regular compost pile. By contrast, traditional plastics take 100 to 400 years to decompose though they can also be burned but then they emit toxic fumes and CO2.

With some 40 million tons consumed per year in Europe alone, the petroleum-based plastic still clearly leads the pack – to a large extent because of their lower price. A traditional bag costs 5 Eurocents, the bio-degradable one 8 to 9 Eurocents.  However, in the wake of massive concerns over global climate change and rising oil prices bio-degradable plastics are becoming increasingly important.

Today's success is impressive. But the initial problems seemed insurmountable because people simply did not know about bio-plastics. So Bastioli and her colleagues literally had to create a market from scratch that did not exist previously.

The breakthrough came when the German city of Fürstenfeldbruck became the first municipality to test bio-degradable waste bags for its garbage collection system. 

Since these early days, over 3500 municipalities have followed suit and are now using the bio-degradable waste bags. 

That growth has also driven the development of Novamont as a whole: what started out with just Bastioli and three other scientists has now evolved into a successful medium-sized enterprise. With a turnover of €50 million in 2006, Novamont today employs some 120 people. The company still banks on innovation: Novamont holds nearly 60 patents, and says it invests some 30 percent of its resources into research and development. One of the ambitious projects are tires with low rolling resistance. These tires would save significant quantities of petrol, diminishing greenhouse gases by 7 to 10 grams per driven kilometer. 

Based on this success, the European Commission decided to finance a new project on „run on flat“ tires, a venture that involves Goodyear, BMW and Novamont.

But perhaps the most exciting new endeavour at Novamont is a joint venture with Italy's largest farmer's association, Coldiretti. The farmers will grow their regional crops exclusively for use in Novamont's bio-plastics. Given the widely expected reduction in agriculture subsidies forecasted for the next decade, the project is a unique opportunity for the farmers.

What do these two stories tell us?

It is absurd to criticise Jevons because he did not predict the future correctly. His mistake was not that he did not peer more carefully into the crystal ball. Because there is nothing to see. But he did not recognize the limits of his knowledge and made recommendations with unwarranted confidence. He should have known that he could not know what others knew later. 

We should therefore eschew forecasts, at least we should be very careful, acknowledge uncertainty and plan accordingly. In an uncertain world the right energy policy is one of diversification. We ought to develop as many uncorrelated options as possible. And we should be curious. We should work on new solutions. And count on inventions, discoveries and surprise.

The other lesson is that you need more than an invention. You need someone who wants to buy your product. You need a market. 

By definition, innovation encompasses a whole series of activities: basic research, development, demonstration and widespread dissemination. It results in a new or significantly improved product up to its introduction to the market and, thus, needing substantially more effort beyond R&D.

In order to achieve innovation in energy systems we need a whole system actors like government bodies, R&D performers, service suppliers, energy providers and their relationships, institutional frameworks, innovation infrastructure management practices, legal framework, etc.

In order to avoid a long theoretical I will refer to a concrete example.

The European Union set the objective of reducing primary energy consumption by 20% by 2020. If this objective is attained the direct cost of our energy consumption could be reduced by more than €100 billion annually by 2020. Around 780 million tons of  CO2 emissions will also be avoided yearly.

In order to comply with this ambitious objective the European Commission adopted an Energy Efficiency Action Plan on 19 October 2006 which contains a package of priority measures covering a wide range of cost-effective energy efficiency initiatives. These include actions to make energy-using appliances, buildings, transport and energy generation, transmission and distribution more efficient. Stringent new energy efficiency requirements, promotion of energy services, specific financing mechanisms to support more energy efficient products are also proposed.

All the 27 Member States have to present before 1 July a National Energy Efficiency Action Plan, requested by a specific Directive, called the End-use Efficiency and Energy Services Directive. This legislative act establishes indicative targets for energy efficiency for Member States who must present national action plans with sound measures to achieve savings of on average 1% annually over the next 9 years, i.e. 9% in 9 years.

For those who are not familiar with our nomenclature: a Directive is a European law, decided with qualified majority by the European Parliament and the European Council, which represents the 27 governments. A Directive is a binding law for the 27 Member States. 

As a consequence to this initiative Europe's lamp manufacturers have taken an initiative to phase-out the least efficient household lamps from the European market by 2015. According to industry calculations, this initiative would lead to a 60% reduction of CO2 emissions, in other words 23 million tons annually, from domestic lighting and savings 7 billion euros or 63000 GWh of electricity per year.

Lighting is an important energy consumer. Worldwide, grid-based electric lighting consumes 19% of total global electricity production. Lighting requires as much electricity as is produced by all gas-fired generation and 15% more than produced by either hydro or nuclear power. The annual cost of this service including energy, lighting equipment and labour is € 270 billion or US$ 360 billion, which is roughly 1% of global GDP. The energy consumed to supply lighting entails greenhouse gas emissions of an equally impressive scale: 1900 Mt of CO2 per year or 15% of global greenhouse gas emissions. 

Now, there is a demand. But is there an offer? Do we have the necessary technology?

Incandescent lamps, as we use them since the times of Joseph Swann and Thomas Edison emit 12 lm/W, representing an energy-to-light conversion efficiency of just 5%. The remaining energy is delivered as heat. By contrast, the most efficient general lighting sources available nowadays achieve efficacies of 150 lm/W. Fluorescent lamps have efficacies of 30-110 lm/W.

The newest development are so called white-light emitting diodes or white LEDs. There are increasing signs that LEDs would be close to entering this market too. Today, they have efficacies of 50 lm/W, but industry is confident that by 2010 they attain efficacy levels of 200 lm/W at competitive prices. If these targets are attained the overall efficiency of lighting could rise considerably.  Much will depend on future levels of product development, which is in part contingent on the level of R&D funding committed to the technology. 

For those of you who are interested in physics, LED semi-conductors are crystals comprised of combinations of typically two or three inorganic elements, such as gallium phosphide (GaP) or gallium indium nitride (GaInN). When an electric field is applied to the material, negatively charged electrons and positively charged holes are produced and exist at different energy levels, separated by a „band gap“. When these subsequently recombine the released band-gap energy is converted into a photon of light with a given frequency, hence colour. Light from LEDs is monochromatic. Therefore you have to process your semi-conductor in order to get white light. This is by the way the great art. The current source of white LED light is blue GaInN light emitters coated with a yellow phosphor.

In the mid-1990s a new class of organics, so called Organic LEDs or OLEDs is developed. OLEDs are fabricated from chains of carbon and hydrogen atoms. In other words polymers and hence use more readily available and cheaper materials than LEDs. 

By the way, at present 1,6 billion people live without access to electric light, a greater number than when Thomas Edison commercialised the incandescent light bulb in the 1880's. The paraffin- and diesel-fuelled lighting they use is much less efficient than even the most inefficient incandescent lamp, is a large emitter of CO2 and is very costly. But if you integrate white LEDs into lamps that can be powered by paperback-sized photovoltaic panels you would provide 10 to 100 times more task-illuminance than common fuel-based lanterns. They would pay for themselves within one year. If the international community were to back further development and deployment of this technology, there might be an opportunity to dramatically raise the quality of millions of lives. 

What do we learn from this example?

First, a technology must be available or under investigation. Research, particularly basic or fundamental research is needed. Basic research provides the foundation for further, sometimes applied research. There is no guarantee of short-term practical gain, but many fundamental discoveries, for example in solid state physics or in biology were the basis for the later inventions in  electronics or biotechnology. Therefore today's industry is to a large extent the end-product of fundamental research. 

In the case of the LEDs solid state physics, particularly the theoretical work on GaN provided the basis for a new product. 

It is less clear what facilitates or optimises the development of research. Curiosity is certainly a prerogative of research. E.g. you want to know whether string theory provides physics with a grand unification theory. 

The product of research is knowledge. You want to know what keeps the earth together, a famous phrase in Goethe's Faust, by the way. But very often research is done to solve a problem. For example to find a bio-degradable tyre. Or how to combat a disease.  

A fundamental discovery is not yet a product. Some discoveries are even useless, at least for the moment. Alessandro Volta discovered the principle of a battery at the end of the 18th century. But it took hundred years before the lead battery became an industrial product and even today researchers worldwide are looking for better and more efficient battery systems. 

Incidentally, a discovery can't be patented, because a patent can only be given for something that is useful. 

This is the moment of the inventor. An invention is an object, process or technique which displays an element of novelty. Legal protection can be granted to an invention by way of a patent. Besides, the forementioned Thomas Edison was one of history's greatest inventors. 

Over time, humanity has invented many objects and methods. Some of the most important inventions were the fire, the plough, the letters, the zero, the compass, etc. What makes us inventors is not yet clear. Some say that necessity is the mother of inventions. Lack of resources leads to invention. An opposing school of thought argues that it is only an excess of resources which has this result. 

An invention needs a creative idea as starting point, a castle in the air. Inventions are not necessarily invented in the order that is most useful: for example, the design of the parachute was worked out before the invention of an aeroplane. 

Inventions can be patented.  A patent is the grant of a property right to the inventor. It is the right to exclude others from making, using, offering for sale or selling or importing the invention.

Patents are important. Already in 1973 many European States signed the European Patent Convention and created the European Patent Office, based in Munich, Germany. But unfortunately our European patent system is still incomplete. A European Patent is nine times more expensive than is US and Japanese counterparts. One of our biggest problems is translation. A patent has to be translated into many languages. We are still unable to accept one language, i.e. English. Or at least three, English, French and German.

For most companies, the cost of patenting is an issue. Small and Medium sized Companies, the so called SME's, face therefore particular difficulties although they are most innovative ones.

An invention is merely theoretical even though the legal protection of a patent may have been sought. In order to become an innovation it has to be put into practice. It needs commercialization. It needs a market. The product must be asked for.

Take as an example steel. Steel was invented and produced in Britain, Belgium, France, Germany and elsewhere in the first half of the 19th century. But there was no real market. Steel was not asked for in large quantities. Then came the railways. But when the rails were completed in the 80s of the 19th century the steel industry came into a deep crisis. Many companies became bankrupt. But then new canons and battle ships were invented. And the nationalistic European governments wanted to have their armies and fleets equipped with iron and steel. It was only then that steel became the synonimon for war. 

Unfortunately, wars and conflicts are still a big market for innovations. Photovoltaic cells were first used on satellites, mainly for military purposes. Fuel cells are used in modern submarines. The reason is simple. The military want technology to function well but they don't care about the price. The civil market on the other side asks for economic products. Therefore we do not yet have fuel cell powered motor cars.

Those of you who think that solar energy is exclusively peaceful are reminded that it was the great Greek scientist Archimedes who, with the help of 50 sailors holding 31 bronze-coated mirrors, set fire to a wooden boat 160 feet offshore. This story, whether true or not, tells us that every technology can be used for peaceful or warlike purposes.

But I do not want to draw your attention to martial questions. My subject is cleaner energy. Global warming and growing energy needs are on my agenda. Providing a growing world population with cleaner energy, cutting carbon dioxide emissions to combat climate change is becoming the biggest challenge of humanity. Here is our „battle field“, here is our market. If we take this challenge seriously we are confronted with the biggest technical and social revolution we ever had.

The problem is gigantic. If the climatologists are right we have to reduce our global CO2-emissions to 10 billion tons annually by 2050. Actually we are at 28 billion and if nothing happens we will be at 38 or 40 billion tons in 2030. Now imagine a world population of roughly 10 billion people by the same time. If we assume that every human being has the same right to emit CO2 then we get 1 ton of CO2 for every world citizen per annum.

The EU average is 8,24 t per capita. In Germany we emit about 10 tons per capita, in France 6,6, in the US 18, in India 1 and in South Africa 7,7 tons per capita. In other words, we have to reduce substantially our CO2 emissions within two human generations. 

On paper it seems to look easy. There are a myriad of studies, scenarios, declarations who give us confidence in achieving this goal. But in reality we are still emitting more greenhouse gases. Many projections indicate that the world marketed energy consumption will grow by roughly 60% between now and 2030. The most rapid demand in energy growth will be in Asia where the strong projected economic growth drives the increase in energy use. 

80% of the world energy supply will come from fossil fuels which produce CO2. Fossil fuel means coal, oil and gas.  Coal is still the fastest-growing energy source worldwide. Its average annual growth rate is estimated to be 2,2%. Oil supply in 2030 is estimated to be 35 million barrels oil equivalent per day higher than the 2004 level of 83 million barrels per day. In 2030 unconventional sources, i.e. biofuels, coal-to-liquids, gas-to-liquids will account for 9% of the overall liquid demand.

The figures from various international organizations coincide more or less. Certainly, as we have learnt from the calculations of Stanley Jevons, we have to be careful will the future. But in our case the future is near. We will be in 2030 in 23 years time. And the investment in coal mines, oil rig and gas pipelines is under way. 

Such a future is unsustainable. According to all what we know today by following this energy path world temperature will rise by much more than 2 degrees, the level we Europeans do not want to exceed. On the other hand economic growth still needs more energy. We have not yet succeeded to decouple worldwide energy growth from economic growth.

These are our problems. But do we have answers? 

One of the answers is innovation. Innovation is a key element to sustainable development. We have to find technologies we do not yet know. Examples are energy saving technologies like lighting, all sorts of renewables, clean coal technology, in other words the capture and sequestration of CO2, and nuclear energy. I know that nuclear is not the most beloved one but despite its rejection in many countries we experience a real renaissance of nuclear energy worldwide, particularly in developing countries.  South Africa is only one of the examples for a successful development of smaller nuclear power stations, but a very remarkable one.

No technology is a solution by its own. We need all of them because the problem is herculean. And we need them now, not in hundred years.

For the historians among you, Hercules was a half-god. Herculean therefore means, you need the help of heaven. If you prefer secular terms: we need imagination, good will, fantasy and good work.

We also need peace. A world in war is not the appropriate place for climate policy. And we need tolerance, not racism. We need the black and the white, the red and the brown, we need women and men. 

The key inventions of the past were made by different people, in different cultures. The zero was invented by the Persians, the compass by the Chinese, the letters come from Mesopotamia what is now Iraq, and so on. And we all come from Africa where we probably invented the fire.

And we must learn how to combine economy with ecology. We have to give a price to CO2. This has already been accepted in 1997 at the conference of Kyoto and hence is a cornerstone of our climate policy. Pegging a price to CO2 allows the greenhouse gas to be traded. The European Union has already introduced such a trading scheme and even extended its scope to third countries who ratified the protocol of Kyoto. Trading means you reduce CO2-emissions where it is the most economic. This seems to be a clever solution although in practice there are still some obstacles to be removed. 

Why is it so important to rely on every solution? Why do we need all technologies?

The reason has a name: uncertainty. Uncertainty is an inherent attribute of an event that will happen in the future. It is the daily bread of every scientist, of every politician. We do not know what will happen in the future.

There are at least two categories of uncertainties.

The first could be called an objective uncertainty. It is caused by gaps in our knowledge. We do not know all the details, e.g. in energy technology. We do not understand all the interrelations of the climate. Because of objective uncertainty we have to be cautious. In Europe the precautionary principle is part of our legal framework.  

The second one is a subjective uncertainty. We know what is scientifically true. But we are unable to make the appropriate ethical decisions. A good example is the history of Copernicus. He introduced the heliocentric vision of our world although it was politically incorrect at his time. He therefore feared the torture chambers of the church. Therefore he decided to publish his papers only after his death. 

If you are uncertain about your own future, what will you probably do? You assure yourself against unforeseeable events. This is the business of the assurance companies. What are they doing? They mix your risk with the risk of many others. By statistics your own risk becomes bearable. It becomes calculable. 

The same happens with energy. If you are uncertain about your energy future, if you do not know where your oil or gas will come from in ten or twenty years time, if you do not know whether the oil price will be high or low in 20 or 30 years, if you have no magic solution to reduce CO2-emissions, you try to do everything, you try to have several irons in the fire. You use and develop every technology available, you try to find new solutions, you work on the unknown, you try to invent and innovate. 

Innovation stems from the latin word novus, which means new. But what is new is risky. It may be risky because you do not know all the consequences; it may be risky because you dare not use it. 

Therefore innovation means also courage because you have to take a risk. But the risk must be as low as possible.  It must be ethically responsible. In order to know what is ethically responsible we need transparency and an open dialogue about technology. Is nuclear an ethically allowed technology? On the other hand, is the face-out of nuclear energy ethical? Should stem cell research be allowed and funded by public money?

Innovation needs money. Normally we call it venture capital. Money raised by funds has to be invested in start-ups and early-stage companies. It is interesting that European investors are regaining their appetite for the riskier end of the private equity market. The surge in money to venture capital firms in Europe is today mainly driven by growing interest in the potential for environmentally friendly projects, such as biofuels and solar energy. 

Although still government subsidies are necessary for solar power to develop, competition heats up over solar power. Solar power will not replace coal as a primary energy source in a foreseeable future but it can kick in when the demand is the highest. I am absolutely sure that in a few years time solar panels will produce peak electricity at economic terms. The venture capital firms smell it. Therefore they invest.

Innovation needs a place where to happen. Silicon Valley in California is perhaps the best known name for such a place. But there are others as well. Today we know that innovation needs local networking or clusters of innovative start-ups. We have to concentrate our efforts to support these regional clusters. It needs public support, but before all it needs a social and political climate to be successful. 

Innovation therefore has many aspects. It has a technical, a financial as well as a cultural and social aspect because technology is part of a social process. 

The social consequences are sometimes bad ones, sometimes good ones. Take as an example for the bad ones the oil industry. Most countries with big oil reserves are poor countries. Although they earn statistically enormous amount of money they are poor because the money is not given to the people but remains in the hands of a few. The only exception so far is Norway. It is an exception because Norway is a democratic country, with a long tradition of social justice and freedom of speech. 

Therefore, I think there is a proven relation between the social benefits of technology and democracy.

Technology is basically neutral. Steel can be used to make a sword or a plough. Every society has the freedom to use technology in a positive or a negative way. We therefore have to include technology into our political debate. We have to learn how to use technology in a responsible way.   

Let me now come to my last remark. How can Europe and South Africa work closer together? Where is our common interest? Where are our chances?

First of all, we have good relations since the birth of democracy in South Africa in 1994. We share values and common interests. We have developed a comprehensive partnership, of which one important pillar is the Trade, Development and Co-operation Agreement. On 14 May 2007 a South Africa-European Union Strategic Partnership Joint Action Plan was signed in Brussels. One of the major areas of cooperation are science and technology, environment, climate change. This action plan needs to be implemented. 

Second, I draw you attention to our emission trading scheme, particularly to the Clean Development Mechanism or CDM. In order to comply with her climate obligations the European Union has to buy more and more CO2-credits outside, the so called certified emission reductions or CERs.  In other words, a European company invests in South Africa to modernize or build an energy plant and therefore saves x tons of CO2. This amount of CO2, once certified by the respective international authority, can be sold to the European company who changes the credits into emission rights. Both sides have an advantage. The South Africans, because they get technology and money. The Europeans, because they get their emission rights cheaper. We already know today that without buying CO2-credits we Europeans will not be able to comply with our Kyoto commitments. 

Yvo de Boer, the Executive Secretary of the United Nations Framework Convention on Climate Change (UNFCCC) estimated recently that CDM has a potential of generating up to 100 billion dollars per year in green investment flows to developing countries. The door is open for a new self-financing climate compact. He said that none of the other types of financial resources available to developing countries have the potential of this scale. I think he is right.

South Africa and the EU should therefore set up a working group to identify the chances and possibilities of CDM. The big rest could be done by private actors. By the way, this is a unique chance for young people, be they scientists or economists. 

Let me conclude by saying that we not only have a great responsibility. We also have a fantastic chance. There is no reason to be pessimistic.

By the way, do you know the difference between an optimist and a pessimist. The pessimist is always better informed. 

Or the other way round. The optimist knows that he does not know enough. He has to be curious. He has to take a risk. Therefore, innovation needs optimists.
