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1 Introduction and general information
At the beginning of the memo the definition of Solar Energy has to be specified. Solar Energy means that the radiation is exploited for hot water production and for electricity generation. The definition does not account for passive solar energy for the direct heating, cooling and lighting of dwellings or other.

What is solar energy?
Solar energy is generated deep in the interior of the sun by nuclear fusion reactions, is carried to its surface by high-energy radiation and then to Earth and down through the atmosphere by sunlight, that is electromagnetic radiation primarily in the visible and infra-red.
The solar technologies use the solar radiation to produce both heat (Solar Thermal Technologies) and electricity (Solar Electric Technologies, Photovoltaic).

Solar thermal and electric transformation inputs into heat and electricity production are estimated on the basis of 100% efficiency (based on the IEA methodology that the first energy form downstream in the production energy is considered the primary supply).

Fact is that in Europe, far more energy is used for heating and cooling in buildings than for electricity or transport. Solar energy technology could provide most of the heating and cooling needs, if the energy efficiency of the building stock and the use of solar thermal energy in the built environment will be increased. Solar heating and cooling systems will be more and more accepted because of decreasing system costs and the parallel increase of the costs of fossil fuels. The prices of solar thermal systems have already decreased significantly and mass production and distribution will further drive down costs.
Solar thermal energy can be used in many ways, to replace conventional fuels such as coal, gas, oil and nuclear. Today it is used manly to heat domestic water and to some extent for space heating.
The worldwide and the European solar thermal markets have grown significantly over the recent years. The most dynamic markets for solar thermal systems with flat-plate and evacuated tube collectors worldwide are in China and in Europe. The average annual growth rate between 1999 and 2003 was 27% in China and 12% in Europe. At the beginning of 2005, the installed capacity of flat-plate and evacuated tube collectors in Europe was 10 GWth (14 million square meters).

2 Description of the main research question

In this work we will look on the current situation in the different countries and then we want to describe a future outlook for solar energy. How much square meters collectors of solar and photovoltaic will be able to reach in the next years and what are to positive and negative aspects of using this kind of technology?
3 Methodology
3.1 Austria

3.1.1 Solar Thermal

The hot water preparation in new buildings is today standard in Austria. In the area of building renovation, solar systems for hot water preparation are attractive on the market. Especially ineffective heating systems for hot water preparation outside the heating season have been replaced by solar hot water preparation. Thus pollutant emissions through heating (wood, coal, oil boilers) could be reduced and at the same time a high comfort in hot water preparation could be reached.

The use of solar energy for space heating in buildings can be justified in the case of low energy buildings (new buildings) with a maximum design temperature of the heating distribution system of 40°C. Quite satisfactory technologies and approaches exist for heating systems. Combined solar heating systems increased remarkable since 2001. Today, about 20% of the installed solar thermal systems are connected to the heating system. Favourite solar combined heating systems are solar assisted biomass and ground-coupled heat pump systems.

In Austria the solar marked stated in the late seventies and it had a cries in the eighties. But in the last few years the installation of collector capacity had an increase of more than twice as much as in the fifteen years before. In the years from 1987 to 1997 alone, were about 100,000 collector capacity installed. The majority of these installations are used for water heating and for partially solar space heating; a smaller proportion are used to heat swimming pools. 
Market share of collector used for water heating
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Figure 1: Market share of collector used for water heating (73%), collectors for heat swimming pools (26%) and 1% vacuum tube collectors
While the share of solar thermal energy in total energy supply is still below 0.2%, the annual increase rates are remarkable. 
Austria is the country with the second highest per capita rate of solar collectors in Europe. By the end of 1997 1.7 million m2 of solar collectors had been installed in Austria, of which 68% was standard-type collectors, 31% synthetic collectors (absorbers), and 1%, vacuum collectors. The annual heat output of about 566 GWh corresponds to a (fictitious) fuel oil equivalent of about 870,600 tons, which means that pollutant emissions are reduced accordingly.

The market deployment of solar thermal collectors is shown in Figure below. At the end of 2004 about 2.8 million m² collector area were in operation, from which 77.5% are glazed collectors, 1.3% vacuum tube collectors and 21.2% unglazed plastic absorbers; which illustrates the next Figure.

Installed Collector Area in Austria: 1975 – 2004
[image: image3.emf]
Figure 1 Solar plant marked in Austria, Installed Collector Area in Austria: 1975 – 2004 (Source: G. Faninger)
Solar collector area in operation In Austria 2004
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Figure 2: Solar Collector Area in Operation in Austria 2004, (Source: G. Faninger)
The development of useful heat output and the installed thermal load are shown in the next and in the Figure below. At the end of 2004 about 3,561 TJ useful heats were contributed from solar thermal systems to the energy supply in Austria. The installed heat load of solar thermal systems in operation reached at the end of 2004 1,938 MW.

Solar Thermal Systems in Operation in Austria; Heat Output in TJ: 1990 – 2004
[image: image5.emf]
Figure 3: Heat output of solar thermal systems in operation In Austria: 1990 – 2004 (Source: G. Faninger)

Solar Thermal Systems in Operation in Austria; Installed Heat Load in MW(thermal) : 1990 – 2004
[image: image6.emf]
Figure 4: Installed heat load of solar thermal systems in operation In Austria: 1990 – 2004 (Source: G. Faninger)

3.1.2 Global Irradiation

The use of the sun depends also on the solar irritation. The middle annual solar irritation in Austria is between 950 and 1.500 kWh/m². The middle global solar radiation for Austria with 1100 kWh/m² and year is corresponded to the energy content of 110 l fuel oil. This comparison shows that the energy density of the sum is small compared with the fossil sources of energy, but with an appropriate surface the sun power can be a an essential part of the power supply. Compared with Austria the north of Europe (e.g. South Sweden) has a middle global radiation sun of 980kWh/m² and the south (e.g. Greece) a middle global radiation sum of 1560 kWh/m² an year. The highest annual radiation with approximately 2300 kWh/m² is reached in the desert area (see figure below).
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Figure 5: Meteonorm Globalstrahlungskarte Welt, Global Irradiation (Source: Arbeitsgemeinschaft Erneuerbare Energie)
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Figure 6: Global radiation sum over one year for different regions in Austria (Source: Arbeitsgemeinschaft Erneuerbare Energie)

3.1.3 Solar Photovoltaic
Photovoltaic (PV) systems use semiconductor materials to convert sunlight directly into electricity. They can be used separately or in hybrid form, in combination with another generating option such as other Renewables or fossil fuels.

For Solar Electricity Systems (Photovoltaic Systems) there exist a number of market targets for near-term and large scale opportunities. These include PV stand-alone and grid-connected distributed generation, both in building-integrated configurations, and in utility support configurations. Several different variants of solar PV technology exist (e.g. single- and multicrystalline silicon, amorphous silicon, copper indium diselenide, cadmium telluride), and it is currently unclear which will dominate in the future. Efficiencies as well as costs of PV technologies increased in the last decade, but there is left a potential for further development, especially for cost reductions.
An increasing market share for photovoltaic applications has been observed in Austria in the last years. 
The future use of photovoltaic power generation systems in Austria is of special interest in connection with grid-connected systems including, for example, small rooftop installations. For the market deployment of small grid-connected photovoltaic systems, the roof or facades of buildings will be preferred to central installations.
As there has been no extension to the 15 MW cap allocated to feed-in tariff support – which reached in March 2003 – the only new initiates have been capital support grants funded by the Provinces (“Länder”). Upper Austria, with a grant level up to 65%, has had a reasonable uptake, but similar measures in Vienna and Lower Austria with lower grant levels (up to 40%) have received no applications in 2004.
The market deployment of photovoltaic systems in Austria from the very beginning up to 2004 is shown in next Figure. At the end of 2004 about 19,180 kW(peak) were installed in Austria, from which 86% are grid-connected and 14% stand-alone systems.

Photovoltaic Systems in Austria: 1992 – 2004 Cumulative Installed Load in kW (peak)
[image: image9.emf]
Figure 7: Installed electrical load of photovoltaic systems In Austria: 1992 – 2004 (Source: G. Faninger)

The electrical output is shown in the Figure below, for all installed PV-systems and in the next Figure it is illustrated only for grid-connected PV-systems. The annual electricity production from PV-systems was in 2004 12.818 GWh for all PV-systems, and 11.7 GWh (42,3 TJ) only for grid-connected systems.

Photovoltaic Systems in Austria: 1992 – 2004 Electrical Output in MWh/year

[image: image10.emf]
Figure 8: Electrical output in MWh of photovoltaic systems In Austria: 1992 – 2004 (Source: G. Faninger)

Electricity Production from Grid-connected; Photovoltaic-Systems in Austria: 1992 - 2004
[image: image11.emf]
Figure 9: Electrical output in TJ of grid-connected photovoltaic systems; In Austria: 1992 – 2004 (Source: G. Faninger)

3.1.4 Costs

The investment costs of small residential PV systems in Austria have significantly decreased from 1990 to 1998. In the early nineties the system cost reduction was similar to the module price decreasing.
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Figure 10: Total PV System costs (per kWp) from 1990 until 1999  (Source: Austrian PV association)
Since 1995 the decrease of the module cost stopped. The large world-wide demand of PV modules finally caused an increase of the prices. The main reason of this market situation was the implementation of promotion programmes in Germany, Japan, the Netherlands and in the United States. One result of these programmes is the move from a supply pushed market toward a more demand and service oriented market. This development went hand in hand with price reductions of components and with a shortening of the system assembling time. Both effects yield to yearly cost reductions of around 10%.
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Figure 11: World-wide module costs (per kWp) from 1990 until 1999  (Source:HP Enerytech; DI H. Wilk)
Promotion incentives are very different between Austrian regions, but nevertheless insufficient concerning existing PV investment costs. The following table shows Feed-in Tariffs and investigation support for PV systems depending on different regions in Austria [1 ATS/kWh = 0,07 Euro/kWh].

	Table 1: Regional Feed-In Tariffs and investment support 
(Source: Austrian PV association)

	Region
Feed-In 
S-HT(Euro/MWh)
Feed-In 
W-HT(Euro/MWh)
Investment 
support
Max. Subsidy (Euro)
Burgenland

140

30%

1,400 Euro

Carinthia

700 (till 10kW) 
545 (>10kW)

-

-

Lower Austria

129

30%

2,200 Euro

Upper Austria

88

149

37%

3,500 Euro/kWp

Salzburg

83 (till 2kW) 
37

83 (till 2kW) 
52

-

-

Styria

363

-

-

Tyrol

276 (till 10kW)

-

-

Vorarlberg

111

37%

2,450 Euro/kWp

Vienna

111

50%

3,500 Euro/kWp

Legend: S-HT: High Tariff during daytime in summer, W-LT: High Tariff during daytime in winter




Figure 12: Regional Feed-In Tariffs and investment support (Source: HP: Enerytech)

 



3.2 Czech Republic and world
3.2.1 History of photovoltaic phenomenon
In 1838, physicist Edmund Becquerel, at the age of nineteen, was the first scientist to publish observations about this natural 'photovoltaic' phenomenon of materials. Edmund's reported observations were considered very interesting yet there were seemingly no practical applications. 

Modern solar electric power technologies came about in 1954 when Bell Laboratories experimentation with semiconductors unexpectedly found silicon doped with certain impurities was very sensitive to light. The end result was the invention of the first practical solar modules with an energy conversion efficiency of around 6 percent. 

Over the last few decades, NASA has used photovoltaic cells extensively proving the technology to be an excellent means to supply electrical power for the communications, instruments, and controls in spacecraft. The current space station has a large solar electric system for generating electricity.

[image: image26.png]


Photovoltaics in the 1950's and 60's was still considered by most as a futuristic technology appropriate only for high tech remote and special applications. This attitude was mainly due to the high expense of manufacturing the solar cells. 

Photovoltaics (or 'solar cells') being produced today have greatly improved conversion efficiencies and much more cost efficient production methods. With today's large scale production of solar cells the cost of the cells have now become affordable and cost efficient for many applications requiring electricity.  



 


Figure 13: A solar cell, made from a monocrystalline silicon wafer
3.2.2 First

The first generation photovoltaic, consists of a large-area, single layer p-n junction diode, which is capable of generating usable electrical energy from light sources with the wavelengths of sunlight. These cells are typically made using a silicon wafer. First generation photovoltaic cells (also known as silicon wafer-based solar cells) are the dominant technology in the commercial production of solar cells, accounting for more than 86% of the solar cell market.
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3.2.3  Second

The second generation of photovoltaic materials is based on the use of thin-film deposits of semiconductors. These devices were initially designed to be high-efficiency, multiple junction photovoltaic cells. Later, the advantage of using a thin-film of material was noted, reducing the mass of material required for cell design. This contributed to a prediction of greatly reduced costs for thin film solar cells. There are currently (2007) a number of technologies/semiconductor materials under investigation or in mass production. Examples include amorphous silicon, poly-crystalline silicon, micro-crystalline silicon, cadmium telluride, copper indium selenide/sulfide. Typically, the efficiencies of thin-film solar cells are lower compared with silicon (wafer-based) solar cells, but manufacturing costs are also lower, so that a lower cost per watt can be achieved. Another advantage of the reduced mass is that less support is needed when placing panels on rooftops and it allows fitting panels on light materials or flexible materials, even textiles.

3.2.4  Third

Third generation photovoltaics are very different from the previous semiconductor devices as they do not rely on a traditional p-n junction to separate photogenerated charge carriers. These new devices include photoelectrochemical cells, Polymer solar cells, and nanocrystal solar cells.

3.2.5  Fourth
Fourth generation Composite photovoltaic technology with the use of polymers with nano particles can be mixed together to make a single multispectrum layer. Then the thin multi spectrum layers can be stacked to make multispectrum solar cells more efficient and cheaper based on polymer solar cell and multi junction technology by NASA used on Mars missions. The layer that converts different types of light is first then another layer for the light that passes and last is an infra-red spectrum layer for the cell thus converting some of the heat for an overall solar cell composite. 



Figure 14: A solar panel on top of a parking meter. 

3.2.6 Photovoltaic performance

At high noon on a cloudless day at the equator, the power of the sun is about 1 kW/m², on the Earth's surface, to a plane that is perpendicular to the sun's rays. As such, PV arrays could track the sun through each day to greatly enhance energy collection. However, tracking devices add cost, and require maintenance, so it is more common for PV arrays to have fixed mounts that tilt the array and face due South in the Northern Hemisphere. In the Southern Hemisphere, they should point due North. The tilt angle, from horizontal, can be varied for season, but if fixed, should be set to give optimal array output during the peak electrical demand portion of a typical year.

Other factors affect PV performance. Accounting for clouds, and the fact that most of the world is not on the equator, and that the sun sets in the evening, the correct measure of solar power is insolation: the average number of kilowatt-hours per square meter per day. For the weather and latitudes of the United States and Europe, typical insolation ranges from 4 KWh/m²/day in northern climes to 6.5 KWh/m²/day in the sunniest regions. Typical solar panels have an average efficiency of 12%, with the best commercially available panels at 20%. Thus, a photovoltaic instalation in the southern latitudes of Europe or the United States may expect to produce 1 KWh/m²/day. A typical "150 Watt" solar panel is about a square meter in size: such a panel may be expected to produce 1 KWh every day, on average, after taking account the weather and the latitude.

3.2.7 PV power stations

The Table below provides details of the largest photovoltaic plants in the world. As shown, Germany has a 10 MW photovoltaic system in Pocking, and a 12 MW plant in Gut Erlasse, with a 40 MW power station planned for Muldentalkreis. Portugal has an 11 MW plant in Serpa and a 52 MW power station is planned for Moura. A 20 MW power plant is also planned for Beneixama, Spain. The photovoltaic power station proposed for Australia will use heliostat concentrator technology and will not come into service until 2010. It is expected to have a capacity of 154 MW when it is completed in 2013. Abu Dhabi recently announced plans for a 100MW PV plant to support the 'Masdar' low carbon city project.

For comparison, the largest non-photovoltaic solar plant, the solar trough or concentrator solar power (CSP)-based SEGS in California has an installed capacity of 350 MW. The largest nuclear power stations generate more than 1,000 MW.

	World's largest PV power plants in 2006

	DC Peak Power
	Location
	Description
	GW·h/year
	Coordinates

	154 MW**
	Mildura/Swan Hill, Australia
	Heliostat Concentrator Photovoltaic technology
(see Solar power station in Victoria)
	n.a.
	n.a.

	62 MW**
	Moura, Portugal
	BP, Yingli?
	88
	n.a.
	

	40 MW*
	Muldentalkreis, Germany
	550,000 thin-film modules (First Solar) (see Waldpolenz Solar Park)
	40
	51°19′43″N, 12°39′20″E
	

	20 MW**
	Beneixama, Spain 
	Tenesol, Aleo and Solon solar modules with Q-Cells cells
	30
	38°43′26″N, 0°43′48″W
	

	12 MW
	Arnstein, Germany
	1408 SOLON mover
(see Erlasee Solar Park)
	14
	n.a.
	

	11 MW
	Serpa, Portugal
	52,000 solar modules
(see Serpa solar power plant)
	n.a.
	n.a.
	

	10 MW
	Pocking, Germany
	57,912 solar modules
(see Pocking Solar Park)
	11.5
	n.a.
	

	9.5 MW
	Milagro, Spain
	see Monte Alto photovoltaic power plant
	14
	n.a.
	

	6.3 MW
	Mühlhausen, Germany[35]
	57,600 solar modules
	6.7
	49°09′29″N, 11°25′59″E
	

	5.2 MW
	Kameyama, Japan
	47,000 square meters on Sharp LCD factory roof
	n.a.
	34°52′15″N, 136°24′19″E
	

	5 MW
	Bürstadt, Germany
	30,000 BP solar modules
	4.2
	n.a.
	

	5 MW
	Espenhain, Germany
	33,500 Shell solar modules
	5.0
	n.a.
	

	4.59 MW
	Springerville, AZ, USA
	34,980 BP solar modules
	7.8
	34°17′48″N, 109°16′2″W
	

	4 MW
	Geiseltalsee, Merseburg, Germany
	25,000 BP solar modules
	3.4
	n.a.
	

	4 MW
	Gottelborn, Germany
	50,000 solar modules (when completed)
	8.2 (when completed)
	n.a.
	

	4 MW
	Hemau, Germany
	32,740 solar modules
	3.9
	n.a.
	

	3.9 MW
	Rancho Seco, CA, USA
	n.a.
	n.a.
	38°20′31″N, 121°07′1″W
	

	3.3 MW
	Dingolfing, Germany
	Solara, Sharp and Kyocera solar modules
	3.0
	n.a.
	

	3.3 MW
	Serre, Italy
	60,000 solar modules
	n.a.
	n.a.
	


Figure 15: World's largest PV power plants in 2006
3.2.8 Photovoltaic Solar Electricity in Czech Republic
The energy industry in the Czech Republic includes fuel mining, production of coke, gas, power, and heat production and distribution. The core fuel in the Czech Republic is coal, accounting for some 90% of energy sources. Coal represents nearly 60% of the fuel and power balance.

Power in the Czech Republic is mostly generated by thermal power stations that are located near coal mines. These power stations generate 66% of the total power generated in the country. Nuclear power stations represent another important source of power in the country. The Czech Republic has two nuclear power stations, located in Temelín in South Bohemia and in Dukovany in South Moravia; an intermediate storage facility for spent radioactive fuel has been built in Dukovany as well. These two power stations account for 31% of the total power generated. 

There are also many hydro-power stations in the Czech Republic. The nature of local rivers (long rivers with gentle currents) makes it necessary to build dams in order to generate power; therefore, this type of power creation accounts for only 3% of the total power generated and is used mostly to balance peak output. The share of renewable power sources has significantly increased in the past few years. Wind-power stations have been built in suitable locations with regular wind; these sites are mostly located in West Bohemia in the Krušné Mountains. The share of wind energy will continue to grow as this method of power generation has been subsidized. The share of renewable power sources was 2.9 % in 2005. The following table provides a brief survey of renewable power sources in the Czech Republic.13
The solar power plants' contribution to overall production of electricity in the country will gradually rise, as new ones are being built. 

However, the share has been negligible so far. The combined capacity of the solar power plants in the Czech Republic is around 1 MW. 

The Temelin nuclear power plant in southern Bohemia has a capacity of 2,000 MW. 

The world's largest solar power plant in Wuerzburg, Germany has a capacity of 12 MW. 

Experts say conditions for the production of electricity in solar power plants are good in the Czech Republic, where the sun shines for 1,400 to 1,700 hours a year, translating into an average 1,100 kWh per square metre. 

The Czech Republic has pledged to the EU to produce 8 percent of electricity from renewable sources by the year 2010, double the current amount. 
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Figure 16:  Solar radiation in Czech Republic – MWh/kWh/m² 
4 A vision for photovoltaic
25

The main driving forces that require a dramatic change in our energy consumption patterns include the depletion of oil and gas resources, climate change considerations, the need to ensure security of supply, the lack of access to commercial energy of one-third of the world’s population and the expected economic growth of emerging countries. The developed world represents only 20% of the total population but it consumes 80% of the world’s resources whilst at the same time producing a large proportion of environmental waste and air pollution. On the other hand, the developing world is struggling with the difficulties of economic development, and the fight against poverty. The transition to a sustainable global energy system is one of the biggest challenges mankind has ever faced. This transition will take 30 to 50 years or more, even though the necessity for change is urgent, due to the negative ecological consequences the world is experiencing right now. This process involves huge financial investment and a strong and continued political commitment. In the context of this transition, PV is a key technology. The current relatively early stage of development indicates a large potential for steady and high rate of growth up to and beyond 2030. It is envisaged that by 2030, PV will be established as a viable electricity supplier, and that the market will continue to grow thereafter at full speed.

Forecasts should therefore only be seen as intermediate ones, and are by nature subject to significant uncertainties.

Technological development

Impressive progress in PV technology has been made over the past decades. This is evident by the price reduction (roughly a factor of 5 over the past 20 years), by the efficiency increase of commercial and laboratory technologies (typically by 50% over the same period), by the ample technology options portfolio and by the strongly improved system reliability and yield. The period until 2030 will show rapid further maturing of commercial technologies, leading to flat plate module efficiencies in the 10-25% range (35% for concentrators) and generation costs down to 0.05-0.12 €/kWh. Beyond 2030 a further reduction of generation cost is expected.

All technologies, crystalline silicon, thin film and new concepts may be significantly present on the market. In 2030, PV systems will have a standard technical lifetime of up to 40 years. Yearly operation and maintenance will be 0.5-1% of the investment costs. PV modules and systems will be exclusively based on abundant and nontoxic materials, or fully closed cycles and the energy payback time of systems will be less than one year.  After 2030, module efficiencies will increase further as a result of successful implementation of the new concepts. Ultimately, PV module will have an energy conversion performance in the 30-50% range, allowing very efficient use of available area. One square meter of the highest efficiency PV modules installed in sunny regions will then yield 1 000 kWh of electricity per year.

By 2030, PV system elements will have developed into versatile building components, facilitating standardised and specific uses on a large scale. Almost all new buildings will be fitted with PV arrays, and many will be net producers of electricity. Very large-scale implementation of PV will require combination with back-up from other renewable energy sources and the development of advanced balancing and storage technologies.

In the even longer term, other options will exist, like large desert-installed PV plants supplying power to distant consumers via a worldwide electricity grid. Also, hydrogen production from PV electricity (combined with subsequent electricity generation by fuel cells) may become an option if conversion yields can be improved. The development of new lighting technologies like LEDs, flat panel displays, etc, which can be supplied with direct current at low voltage, may allow converters to be eliminated and further reduce the installation costs of PV systems.

Socio-economic aspects
By 2030, PV will have developed into a large economic sector, both worldwide and in Europe. There will be a strong European PV industry with significant exports. The number of jobs created in the EU will be between 200 000 and 400 000 (based on a European yearly production of 20-40 GW), many of them linked to the installation and building sectors. These jobs will therefore be spread geographically and between SME’s and large companies. Depending on the application, a wide range of commercial solar cell technologies will be available each with its own features. There will be a range of products with different efficiencies for use in particular application areas. PV will be available as multi-purpose solar modules (flat-plate or concentration), a variety of building products and as integrated products (OEM-components with solar power). A wide range of appliances making direct use of PV power (e.g. light emitting diodes) will also be common on the market.
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