Conference on the Future of Energy in Enlarged Europe: Perspectives for R&D, Warschau, 6.- 7.10.2004

Photovoltaic Research in Germany

Dr. Karin Freier

Divisions “Solar energy, Biomass, Geothermal energy, market incentive programmes for renewable energies” and

“Research and development for renewable energies”

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety, Germany

Slide 1, 2 

Market development

· Solar electricity is a success story in Germany: The rate of market growth, has been 50% last year. There was a ten-fold increase in market volume in the PV industry from 1998 to 2003.

· By the end of 2004 it is expected that the installed PV-capacity will be increased of more than 300 MW – that means a 2,4 fold of 2003 capacity (120 MW).

· The successful development of the PV market in the past years is due to the success of the 100,000 roofs solar energy programme (started in 1999 and finished last year) and the Renewable Energy Sources Act (revised version came into force on 1st August 2004). 

· These political instruments are embedded in the German framework for a sustainable energy and climate protection policy.

· I would like to divided my short presentation in the following parts:

1. Political goals  and instruments

2. Federal Programme on Energy Research  - Funds

3. Photovoltaic Research Concept – Status of science and future priorities
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Policy targets for renewable energies

· Targets must be ambitious yet achievable. The Federal Government has set itself the following targets for increasing the use of renewable energies.

· The short-term target is to double the share of renewable energies in Germany between 2000 and 2010, i.e. increase the share of electricity generation to 12.5% and the share of total primary energy consumption to 4.2%. At present more than 10% of electricity were already being supplied from renewable energies.

· With the revised Renewable Energies Act, the Federal Government has recently agreed on a medium-term target for 2020: increase the share to at least 20% of electricity consumption.

· The Federal Government’s long-term objective is that renewable energies are to account for at least 50 percent of total energy supplies by 2050 at national and global level.

· The Federal Government also aims to ensure that in the medium to long term, renewable will be able to compete on the energy market. 

· Implementing this objective calls for a whole raft of measures:

· The Renewable Energy Sources Act

· ( The 100,000 roofs solar power programme ) – programme finished last year 

· Research and development 
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Renewable Energy Sources Act

· The revised version of the Renewable Energy Sources Act came into force on 1st August 2004.

· The Act deals with the purchase of, and the compensation to be paid for, electricity generated exclusively from renewable energies by grid operators.

· The Renewable Energy Sources Act imposes three obligations on network operators:

· They are obligated to connect to their grids installations generating electricity from renewable energies

· They must first purchase all of the electricity produced from these installations as a priority

· They must pay fixed rates ( fees) for the electricity.

· The fees are fixed for a period of 20 years. This brings investment security for the renewable energy industry. Their levels have been set so that, with rational management, economical operation of the installations is possible.

· Tariffs vary by energy sources (wind power, biomass, solar power, geothermal power, hydropower), locations, and installation size. 

· Payment for solar energy are: 

· Producers or solar electricity will receive a basic payment of 45.7 cents per kilowatt-hour. This also applies to free-standing installations covered by a local development plan. 

· The payment for solar installations on buildings is higher: 57,4 cent/kWh up to 30 kilowatt capacity. 

· This improved payment offers the photovoltaic industry new perspectives in larger, ground-level installations running into the MW range. 

PV Industry Status

· As a result of the market growth described above, the improved efficiency of the modules and the increasing automation of larger-scale production facilities, the cost of photovoltaic solar power systems has fallen by about 25% since 1999 and about 60% since 1991.

· The German PV industry is nevertheless exposed to strong Japanese competition. The worldwide market share of Japanese manufacturers increased from 22% in 1996 to 44% in 2001, whereas during the same period the European PV industry barely showed any change, from 21% to 22%.

· The strong demand for all PV-systems in Germany will lead to a turnover from the construction and operation of photovoltaic plants  of more than 1 billion euro by the end of 2004. This turnover is equivalent to more than 20.000 jobs and shows the growing importance of PV/ renewable energies, for the German economy.

· The strong demand for all PV components due to the improved fees for solar electricity the German PV industry will doubling their production capacities and will invest over 200 million euros alone in 2004. That will lead to more than 5.000 additional jobs in 2004!

· The range of industries supporting photovoltaic power generation is expanding along the whole value chain. In the last 4 years equipment and production companies became the most experienced ones besides Japan. German Solar Industry has a broad base spanning all value-added chains (several technology lines), and is a world leader in technology development and export, second only to Japan.
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PV - Research and development

· PV research is a part of R&D on renewable energies and is embedded in the 4th Federal Programme on Energy Research and Energy Technology. The annual volume of the whole energy programme is about 400 million euro.

· The volume of research and development funds for renewable energies in the Federal Environment Ministry’s budget was 63 million euro in 2003 and is around 66 million euro in 2004, and specifically for the PV sector around 29 million euro. 

· At the beginning of 2004 the Federal Government will start work on a new energy research programme, which is to replace the old one dating from 1996. A central aspect will be a reorientation of research policy that meets the requirements of sustainable energy supply. 

· Central elements will therefore be energy savings, improvements in energy efficiency, and the expansion of renewable energies. At the same time there must be an increase in research funds in the field of renewable energies.
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PV Research Concept 2004-2008

· In June 2004 we published a new research concept for PV. It defined the long-term activities to increase the use of PV solar energy with new priorities.

· The primary objective of PV is to cut costs. In order to achieve this, continuing high level of expenditure are needed, both in the area of research and by the industry itself.

· The priorities are:

· Cost reduction for PV cells and moduls by decreasing production costs and by increasing cell and module efficiencies

· Technical optimisation of PV systems in different buildings types

· The use of PV for decentralised energy supply.
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PV Research Concept 2004-2008

Status of science and technology

· The crystalline silicon technology has dominated the market (market share more than 95%) and there is no doubt that this technology will also be dominant during the next couple of years. Current market incentive programmes are almost confined to silicon wafer technology. In the production of multicrystalline silicon , cell efficiency of between 13 and 16% are achieved. In the laboratory, efficiency of between 17% and just under 20% are achieved using high-tech process variants. Efficiency of moncrystalline silicon are slightly higher ( 20% and just under 25% in laboratory).

· The module technology, means the subsequent processing of cells into modules) is largely established as state of the art.

· The thin film solar cells  still play a subordinate role in the large scale application ( global market share of around 5%). Despite intensive research and development over the last 15 years, the theoretical cost benefits of innovative thin film technologies have yet to be verified in practice.  To date, no thin film technology has been able to rival silicon wafer technology.  Whereas the production capacities of crystalline silicon modules are continuously expanding, experts believe that thin film technologies are currently in a critical transitional stage on route to commercial production.  The obvious benefits of thin film technologies, such as large scale coating, integral series connection, high material savings, shorter energy return times and greater flexibility with the realisation of innovative cell concepts, are offset by serious disadvantages such as a lack of long-term experience. Moreover, substantial investments need to be made in pilot plants in order to confirm the projected cost benefits in the context of industrial implementation.

· The German Government has been promoting thin film technologies on the basis of various cell materials, like amorphous silicon, CIS or CIGS solar cells and CdTe solar cells.

· All process stages are currently still at the research stage. Industrial implementation and market launch are not expected before 2010 at the earliest.

· German PV companies are represented in all fields of technology.
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PV Research Concept 2004-2008

Future priorities:

· Development of cost-effective polysilicon for PV applications

· Reduction of the material requirement, i.e. higher efficiencies, reduced cell thicknesses

· Increase in the service life of modules

· Research into innovative production technologies, particularly for thin-film techniques

· Advancement of electrical systems engineering

· Grid integration

· Industry has yet to concretize its ideas, but two key topics have already emerged:

· New cell concepts, such as buried contact cells, which promise process simplification

· Module techniques designed to aid quality assurance and help cut costs or which become necessary due to new cell technologies (individual topics: cells thinner than 200 µm, formats larger than 150 x 150 mm², lead-free solders, EVA-free films, ageing, buried contact cells, scanning)

· Si wafer cells with efficiencies in excess of 20 %

· III/V multijunction solar cells including optical concentrators

· CIS tandem cells

· Wafer Si cells with new architectures

· Crystalline Si wafers with thicknesses as low as 50 µm 

· Crystalline CVD (chemical vapour deposition) Si thin-film cells

· Injection cells

· Organic solar cells

· Additionally, there is a need for research and development work in PV systems engineering, including the development of multifunctional PV systems, technological and cost optimization of power converters, development of PV systems with communication capabilities, PV integration into micro-networks.

· Overall, PV research should be suitably divided between basic research, application-oriented research, and industry research. Within basic research, there should also be sufficient scope for visionary approaches. 
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Outlook

· Photovoltaic has some of the greatest expansion potential of all renewable energies. This was also emphasised by the Scientific Advisory Council on Global Environmental Change in its most recent report “Energy Revolution for Sustainability”. In view of the relatively expensive technology, however, there are still a number of barriers to overcome. Here we are confronted with great challenges when it comes to optimising the technologies and reducing the cost of the systems. 

· The long-term scenarios for Germany according to the 2002 study of the same name by the German Federal Environmental Agency indicate the share of electricity consumption in Germany accounted for by PV will reach 0.3% by 2010 and 6% by 2050.

· A worldwide share of 23% is forecast for PV.

· The aim must be to achieve in the medium to long term a situation where renewable energies are competitive on the market without subsidies. The challenge is therefore to set the incentives so as to bring about a reduction in the cost of the technologies, but also an improvement in the quality and efficiency of the systems.

