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     (Tagged January 2006)                                      The Sun provides 1,400         watts/meter²          at the distance of the
Earth's orbit, but less at ground level                                              US annual average solar energy received by a latitude
tilt photovoltaic          cell           

Solar power describes a number of methods of harnessing   energy from    the light of the Sun.    It has been present in
many traditional building methods for centuries, but    has become of increasing interest in developed countries as the
environmental    costs and limited supply of other power sources such as      fossil fuels are realized. It is already in
widespread use where other    power supplies are absent, such as in remote locations and in space.                              
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    //              [edit]   

    Energy from the Sun   

The rate at which      solar radiation reaches a unit of area in the region of the Earth's orbit    is approximately 1,400  
W/m², as measured    upon a surface      normal (at a right angle) to the Sun. This number is referred to as the      solar
constant. Of the energy received, roughly 19% is absorbed by the    atmosphere, while clouds on average reflect a
further 35% of the total energy.    The generally accepted standard is for peak power of 1020 W/m² at sea level.      [1]
The average power, which is an important quantity when one is    considering using solar power, is lower. For example,
in North America the    average power lies somewhere between 125 and 375 W/m², between 3 and 9   kWh/m²/day.[2]   
It should be noted that      maximum solar radiation energy intensity is meant here, and not the      power delivered by a
photovoltaic panel, which are about 15% efficient.    Hence, a solar panel delivers 15 to 60 W/m² or 0.45-1.35
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kWh/m²/day (annual    day and night average).   

After passing through the Earth's atmosphere, most of the sun's energy is    in the form of      visible and      ultraviolet
light. Plants use solar energy to create chemical energy    through      photosynthesis. Humans regularly use this energy
burning wood or   fossil    fuels, or when simply   eating the    plants.        [edit]   

    Classification   

A wide range of power technologies exist which can make use of the solar    energy reaching Earth. These can be
classified in a number of different ways.        [edit]   

    Method of energy transformation   

Solar energy can be transformed for use elsewhere or utilised directly.                                      A photovoltaic cell
produces electricity directly from solar energy           

Direct solar power involves only one transformation into a usable    form. For example:        
 - Sunlight hits a          photovoltaic cell (also called a photoelectric cell) creating      electricity.      
 - Sunlight hits the dark          absorber surface of a          solar thermal collector and the surface warms. The heat energy
is      carried away by a fluid circuit.      
 - Sunlight strikes a     solar      sail on a space craft and is converted directly into a force on the sail      which causes
motion of the craft.      
 - Sunlight strikes a     light      mill and causes the vanes to rotate, although little practical      application has yet been
found for this effect.      
 - Sunlight is focused on an externally mounted fibre optic cable which      conducts sunlight into building interiors to
supplement lighting.       

Indirect solar power involves more than one transformation to reach    a usable form. Many other types of power
generation are indirectly    solar-powered. Some of these are so indirect that they are often excluded from    discussion of
solar power:                                      Hydroelectric power stations produce indirect solar power. The Itaipu          Dam,
Brazil / Paraguay           

         
 - Vegetation uses          photosynthesis to convert solar energy to          chemical energy, which can later be burned as
fuel to generate      electricity (see     biofuel).          
 - Energy obtained from     oil,     coal, and     peat originated      as solar energy captured by vegetation in the remote       
  geological past and          fossilised. Hence the term          Fossil fuel. Though strictly solar power, the great time delay
between      the input of the solar energy and its recovery means these are not normally      classified as such.      
 -           Hydroelectric dams and          wind turbines are indirectly powered by solar energy through its      interaction with
the Earth's atmosphere and the resulting          weather phenomena.      
 - Energy obtained from     methane (natural      gas) may be derived from solar energy either as a biofuel or fossil     
fuel. Some methane derives from the primeval gas cloud which formed the          solar system and is therefore not solar
in origin.      
 -           Ocean thermal energy production uses the thermal gradients that are      present across ocean depths to
generate power. These temperature differences      are ultimately due to the energy of the sun.            [edit]   

    Complexity of mechanism   

Solar power can also be classified as passive or active:        
 -           Passive solar systems are systems that do not involve the input of any      other forms of energy apart from the
incoming sunlight, although (in the      case of solar heat through windows) there may be draperies or panels used to     
reduce nighttime heat losses and thermostatically or manually operated vents      (but not fans) to prevent overheating.
Passive solar water heaters, for      instance, use a          thermosiphon and have no pumps. The thermosiphon only
operates when hot,      to reduce nighttime heat loss. Other space heating systems use a          thermal diode to similar
effect. Passive solar water distillers may rely      upon          capillary action to pump water.            
 -           Active solar systems use additional mechanisms such as circulation      pumps, air blowers or tracking systems
which aim collectors at the sun.      These mechanisms are typically powered by electricity and may have      additional
electronic or computerized automatic controls.            [edit]   

    Focus type                                      Point focus parabolic dish with Stirling System at Plataforma Solar de          Almería
(PSA) in Spain           

Effective use of solar radiation often requires the radiation (light) to be    focused to give a higher intensity beam.
Consequently, another scheme for    classifying solar power systems is:        
 - Point focus. A          parabolic dish or concentrating          lens, possibly combined with a     heliostat      are used to
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concentrate light at a point (the focus). At the focus there      might be placed a high-concentration of photovoltaic cells
(solar cells) or      a thermal energy 'receiver', such as those used in          Stirling Engines.      
 - Line focus. A          parabolic trough or a series of long narrow mirrors are used to      concentrate light along a line. The
SEGS systems in California are an      example of this type of system.      
 - Non-focusing systems include solar domestic hot water systems and      most photovoltaic cells. These systems have
the advantage that they can make      use of diffuse solar radiation (which can not be focused). However, if high     
temperatures are required, this type of system is usually not suitable,      because of the lower radiation intensity.           
[edit]   

    Types of technologies   

Most solar energy used today is harnessed as heat or electricity.        [edit]   

    Solar design in architecture   

   Solar design is the use of      architectural features to replace the use of grid electricity and      fossil fuels with the use
of solar energy and decrease the energy needed    in a home or building with insulation and efficient lighting and
appliances.   

Architectural features used in solar design:        
 - South-facing (for the Northern Hemisphere) or north-facing (for the      Southern Hemisphere) windows with insulated
glazing that has high      ultraviolet transmittance.      
 -           Thermal masses -- any masses such as walls or roofs that absorb and hold      the sun's heat. Materials with
high specific heat like stone, concrete,      adobe or water work best (see          Trombe walls).      
 -           Insulating shutters for windows to be closed at night and on overcast      days. These trap solar heat in the
building.      
 - Fixed awnings positioned to create shade in the summer and exposure to      the sun in the winter.      
 - Movable awnings to be repositioned seasonally.      
 - A well insulated and sealed building envelope.      
 - Exhaust fans in high humidity areas.      
 - Passive or active warm air solar panels. Pass air over black surfaces      fixed behind a glass pane. The air is heated
by the sun and flows into the      building.      
 - Active thermal     solar      panels using a heat transfer fluid (water or antifreeze solution). These      are heated by the
sun and the heat is carried away by circulation of the      fluid for domestic hot water or building heating or other uses.      
 - Passive thermal     solar      panels for preheating domestic hot water.      
 - Photovoltaic systems to provide electricity.      
 -           Solar chimneys for cooling.      
 - Planting          deciduous trees near the windows. The leaves will give shade in summer      but fall in winter to let the
sunlight enter the building.            [edit]   

    Solar heating systems   

   Solar heating systems are generally composed of solar thermal collectors,    a fluid system to move the heat from the
collector to its point of usage, and    a reservoir to stock the heat for subsequent use. The systems may be used to    heat
domestic hot water or a swimming pool, or to provide heat for a heating    circuit (usually radiators or floor heating coils).
The heat can also be used    for industrial applications or as an energy input for other uses such as    cooling equipment. 
 

In many climates, a solar heating system can provide a very high percentage    (50 to 75%) of domestic hot water
energy. In many northern   European    countries, combined hot water and space heating systems are used to provide 15
   to 25% of home heating energy.   

Residential solar thermal installations can be subdivided in two kind of    systems: compact and pumped systems. Both
typically include an auxiliary    energy source (electric heating element or connection to a gas or fuel oil    central heating
system) that is activated when the water in the tank falls    below a minimum temperature setting such as 50 °C.    Hence,
hot water is always available.        [edit]   

    Compact systems   

Also known as a monobloc system, a compact system consists of a tank    for the heated water, a solar collector, and
connecting pipes all pre-mounted    in a frame. Based on the      thermosiphon principle, the water flows upwards when
heated in the panel.    When this water enters the tank (positioned higher than the solar panel), it    expels some cold
water from inside so that the heat transfer takes place    without the need for a pump. A typical system for a four-person
home in a    sunny region consists of a tank of 150 to 300   liters and    three to four square meters of solar collector
panels.   
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Direct compact systems are not suitable for cold climates. At night    the remaining water can freeze and damage the
panels, and the storage tank is    exposed to the outdoor temperatures that will cause excessive heat losses on    cold
days. Some compact systems have a primary circuit. The primary    circuit includes the collectors and the external part of
the tank. Instead of    water, a non-toxic antifreezing liquid is used. When this liquid is heated up,    it flows to the external
part of the tank and transfers the heat to the water    placed inside. However, direct systems are slightly cheaper and
more    efficient.   

A compact system can save up to 4.5   tonnes annually    of gas emissions. In order to achieve the aims of the      Kyoto
Protocol, several countries are offering subsidies to the end user.    Some systems can work for up to 25 years with
minimum maintenance. These kinds    of systems can be redeemed in six years, and achieve a positive balance of   
energy (energy used to build them minus energy they save) of 1.5 years. Most    part of the year, when the electric
heating element is not working, these    systems do not use any external source for power (as water flows due to   
thermosyphon principle).   

Flat      solar thermal collectors are usually used, but compact systems using    vacuum tube collectors are available on
the market. These generally give a    higher heat yield per square meter but also cost more than flat collector    systems.  
     [edit]   

    Pumped systems   

Systems using a circulation pump are used whenever the hot water tank is    positioned below the solar panels. Most
systems in northern Europe are of this    type. The storage tank is placed inside the building, and thus require a   
controller that measures when the water is hotter in the panels than in the    tank. The system also requires a pump for
transferring the fluid between the    parts.   

The electronic controllers used by these systems permit a wide range of    functionality such as measurement of the
energy produced; more sophisticated    safety functions; thermostatic and time-clock control of auxiliary heat, hot    water
circulation loops, or others; display or transfer of error messages or    alarms; remote display panels; and remote or local
datalogging   

The most commonly used solar collector is the insulated glazed flat panel.    Less expensive panels, like polypropylene
panels (for swimming pools) or    higher-performing ones like   vacuum    tube collectors, are sometimes used.        [edit]   

    Solar heating thermal collectors   

There are three main kind of solar thermal collectors in common use.    Formed Plastic Collectors (such as
polypropelene, EPDM or PET plastics)    consist of tubes or formed panels through which water is circulated and heated  
 by the sun's radiation. Used for extending the swimming season in swimming    pools. In some countries heating an
open-air swimming pool with non-renewable    energy sources is not allowed, and then these cheap systems offer a good
   solution. This panel is not suitable for year round uses like providing hot    water for home use, primarily due to its lack
of insulation which reduces its    effectiveness greatly when the ambient air temperature is lower than than    temperature
of the fluid being heated.   

A flat collector consists of a thin absorber sheet (usually copper,    to which a selective coating is applied) backed by a
grid or coil of fluid    tubing and placed in an insulated casing with a glass cover. Fluid is    circulated through the tubing to
remove the heat from the absorber and    transport it to an insulated water tank, to a heat exchanger, or to some other   
device for using the heated fluid.   

Flat-plate collectors for solar water heating were popular in   Florida and      Southern California in the 1920s. There was
a flicker of resurgence of    interest in them in      North America in the 1970s. However, the main action is now in other   
countries where considerable strides have been that enable effective use of    solar heating in both private houses and
large scale installations. Technical    innovation has improved performance, life expectancy and ease of use of these   
systems, with Germany/Austria the clear leaders. Installation of solar hot    water heating has become the norm in
countries such as Isreal and Greece,    where there is an abundance of solar radiation, and Japan and Austria where   
there is considerably less.                                      Evacuated (or vacuum) tubes panel           

Evacuated tube collectors are made of a series of modular tubes,    mounted in parallel, whose number can be added to
or reduced as hot water    delivery needs change. This type of collector consists of rows of parallel    transparent glass
tubes, each of which contains an absorber tube (in place of    the absorber plate to which metal tubes are attached in a
flat-plate    collector). The tubes are covered with a special light-modulating coating. In    an evacuated tube collector,
sunlight passing through an outer glass tube    heats the absorber tube contained within it.   

Two types of tube collectors are distinguished by their heat tranfer    method: the simplest pumps a heat transfer fluid
(water or antifreeze) through    a U-shaped copper tube placed in each of the glass collector tubes. The second    type
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uses a sealed heat pipe that contains a liquid that vaporizes as it is    heated. The vapor rises to a heat-transfer bulb that
is positioned outside the    collector tube in a pipe through which a second heat transfer liquid (the    water or antifreeze)
is pumped. For both types, the heated liquid then    circulates through a heat exchanger and gives off its heat to water
that is    stored in a storage tank (which itself may be kept warm partially by    sunlight). Evacuated tube collectors heat to
higher temperatures, with some    models providing considerably more solar yield per square meter than flat    panels.
However, they are more expensive and fragile than flat panels.        [edit]   

    Solar thermal cooling   

There are some new applications of thermal hot water, such as air cooling,    currently under development. The absorber
machine works like a refrigerator &mdash;    it uses hot water to compress a gas that, once expanded, will produce an     
endothermic reaction, which cools the air. The main problem currently is    that the absorber machine works with liquid at
90 °C, a fairly high    temperature to be reached with pumped solar panels with no auxiliary power    supply.   

The same pumped solar thermal installation can be used for producing hot    water for the whole year. It can also be
used for cooling in the summer and    partially heating the building in winter.        [edit]   

    Photovoltaic cells                                      The solar panels (photovoltaic arrays) on this small yacht at sea can         
charge the 12 V batteries at up to 9 Amps in full, direct sunlight           

Solar    cells, also referred to as photovoltaic cells, are devices or banks of    devices that use the      photovoltaic effect
of      semiconductors to generate electricity directly from sunlight. Until    recently, their use has been limited due to high
manufacturing costs. One cost    effective use has been in very low-power devices such as      calculators with      LCDs.
Another use has been in remote applications such as roadside    emergency telephones, remote sensing,      cathodic
protection of pipe lines, and limited "off grid" home power    applications. A third use has been in powering orbiting  
satellites    and other    spacecraft.   

However, the continual decline of manufacturing costs (dropping at 3 to 5%    a year in recent years) is expanding the
range of cost-effective uses. The    average lowest retail cost of a large solar panel declined from $7.50 to $4    per watt
between 1990 and   2005.    With many jurisdictions now giving tax and rebate incentives, solar electric    power can now
pay for itself in five to ten years in many places.    "Grid-connected" systems - that is, systems with no battery that
connect to    the      utility grid through a special inverter - now make up the largest part of    the market. In 2004 the
worldwide production of solar cells increased by 60%.    2005 is expected to see large growth again, but shortages of
refined   silicon    have been hampering production worldwide since late 2004.        [edit]   

    Photovoltaic/Concentrator Hybrid Systems   

In order to save on solar cell cost by maximizing the utilization of    expensive high-efficiency (37%) cells, one solution is
to use a lens such as a      Fresnel lens or mirrors to concentrate the solar rays onto a small area.    Such systems may
deliver energy for less than $3/watt and power density as    high as 450 (kW·h/m²)/year. The disadvantage, just like for
any concentrator    based system, is that such a setup needs moving parts&mdash;i.e., a tracking    system&mdash;to
follow the Sun around, and it's unable to efficiently harness    diffuse light, such as during bright but cloudy days.
However, solar power    only makes economic sense in places where there are ample bright sunny days,    and these
concentrator/photovoltaic hybrid systems may ultimately win the    final price/delivered watt battle of any solar design and
prevail in the    marketplace.        [edit]   

    Solar thermal electric power plants   

The two main types of solar thermal power plants are Solar Chimneys and    Concentrating Solar Power (CSP) plants.     
  [edit]   

    Concentrated Solar Power (CSP) Plants                                      Solar Two, a concentrating solar power plant           

         
 -           Parabolic trough power plants are the most successful and cost-effective      CSP system design at present.
They use a curved trough which reflects      sunlight onto a hollow tube running along above the trough. The whole
trough      tilts through the course of the day so that light remains focussed on the      hollow tube for as long as the sun
shines. A fluid passes through the tube      and becomes hot. Full-scale parabolic trough systems consist of many such    
 troughs laid out in parallel over a large area of land. A solar thermal      system using this principle is in operation in         
California in the          United States, called the          SEGS system. At 330 MW, it is currently the largest operational
solar      thermal energy system. SEGS uses oil to take the heat away: the oil then      passes through a heat exchanger,
creating steam which runs a steam turbine.      Others parabolic trough systems are under development which create
steam      directly in the tubes; this concept is thought to lead to cheaper overall      designs, but the concept still under
development.            
 - Power Towers (also know as 'Central Tower' power plants or 'Heliostat'      power plants (power towers) use an array of
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flat, moveable mirrors (called          heliostats) to focus the sun's rays upon a collector tower (the target).      The high
energy at this point of concentrated sunlight is transferred to a      substance that can store the heat for later use. The
more recent heat      transfer material that has been successfully demonstrated is liquid sodium.      Sodium is a metal
with a high heat capacity, allowing that energy to be      stored and drawn off throughout the evening. That energy can, in
turn, be      used to boil water for use in steam turbines. Water had originally been used      as a heat transfer medium in
earlier power tower versions (where the      resultant steam was used to power a turbine). This system did not allow for    
 power generation during the evening. Examples of heliostat based power      plants are the 10 MWe     Solar One,     
Solar Two, and the 15 MW Solar Tres plants. Neither of these are currently      used for active energy generation. In         
South Africa, a solar power plant is planned with 4000 to 5000 heliostat      mirrors, each having an area of 140 m².[3]     
          
 - A Dish system uses a a large, reflective,     parabolic      dish (similar in shape to satellite televison dish). It focuses all
the      sunlight that strikes the dish up onto to a single point above the dish,      where a thermal collect is used to capture
the heat and transform it into a      useful form. Dish systems, like power towers, can achieve much higher     
temperatures due to the higher concentration of light which they achieve.      Typically the dish is coupled with a         
Stirling engine in a          Dish-Stirling System, but also sometimes a          steam engine is used. These create rotational
kinetic energy that can be      converted to electricity using an          electric generator.[4]          [5]          [6].            
 - A linear          Fresnel reflector power plant uses a series of carefully angled      plane mirrors to focus light onto a linear
absorber. Recent prototypes of      these types of systems have been built in Australia (CLFR)      and Belgium
(SolarMundo). These systems claim to offer lower overall costs      because they permit the heat-absorbing element to be
shared between several      mirrors. The mirrors can therefore be smaller and do not require complex      pivoting
couplings for the fluid flowing from the absorber. The design can      also permit mirrors to be placed closer together,
allowing for a more      efficient use of land area.            [edit]   

    Solar chimney   

A      solar chimney is a relatively low tech solar thermal power plant where air    passes under a very large agricultural
glass house (between 2 and 30 km in    diameter), is heated by the sun and channeled upwards towards a convection   
tower. It then rises naturally and is used to drive turbines, which generate    electricity.        [edit]   

    Solar pond   

Another low-tech approach to harvesting solar energy is the      solar pond. The basic idea is to fill the pond with 3 layers
of water: The    top layer has a low salt content, while the bottom layer has a high salt    content. There is an intermediate
insulating layer with a salt gradient, which    causes a density gradient that forbids heat exchange by natural convection.  
 Heat is trapped in the salty bottom layer, and can be used for different    purposes, such as heating of buildings or
generating electricity. This    approach may be particularly attractive for rural areas in      developing countries. Though
very huge area collectors can be set up at    very low cost - basically the cost of the clay-plastic liner - the setup is   
relatively difficult to maintain - the salt gradient is very delicate and is    easily upset by wind, the pond can foul up with
algea, the liner can spring a    leak, the evaporated surface water needs to be constantly replenished, while    the
accumulating salt crystals could be both a valuable byproduct and a curse.    Also, the energy obtained is in the form of
low grade heat of 70-80°C compared    to 20°C ambient temperature, which has an upper      Carnot-cycle extractable
efficiency of 1-(273.15+20)/(273.15+80)=15%,    while a solar concentrator system with molten salt delivering high grade
heat    at 800°C would be able to convert 73% of absorbed solar heat int useful work,    and be forced to divest only 27%
as waste heat to the cold temperature    reservoir (ambient air.)        [edit]   

    Solar chemical   

      Solar chemical refers to a number of possible processes that harness solar    energy by absorbing sunlight in a     
chemical reaction in a way similar to      photosynthesis in plants but without using living organisms. No practical   
process has yet emerged.
   A promising approach is to use focussed sunlight to provide the energy needed    to split water into its constituent  
hydrogen    and oxygen in    the presence of a metallic catalyst such as   zinc.[7][8][9]        [edit]   

    Phytochemical Energy Storage (Biofuels)   

See    Biofuels and   Biodiesel    The oil in plant    seeds, in chemical terms, very closely resembles that of petroleum.
Many,    since the invention of the Diesel engine, have been using this form of    captured solar energy as a fuel
comparable to petrodiesel - for functional use    in any diesel engine or generator and known as   Biodiesel.    A 1998
joint study by the U.S. Department of Energy (DOE) and the U.S.    Department of Agriculture (USDA) traced many of the
various costs involved in    the production of biodiesel and found that overall, it yields 3.2 units of    fuel product energy
for every unit of fossil fuel energy consumed.      [10] Other Biofuels incluid ethanol, wood for stoves, ovens and
furnaces,    and methane gas produced from biofuels through chemical processes.        [edit]   

    Solar cooking   
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A      solar box cooker traps the Sun's power in an insulated box; these have    been successfully used for cooking,     
pasteurization and fruit canning. Solar cooking is helping many developing    countries, both reducing the demands for
local firewood and maintaining a    cleaner environment for the cooks. The first known western solar oven is    attributed
to      Horace de Saussure.        [edit]   

    Solar lighting   

The interior of a building can be lit during daylight hours using   fibre    optic      light pipes connected to a parabolic
collector mounted on the roof. The    manufacturer claims this gives a more natural interior light and can be used    to
reduce the energy demands of electric lighting.      [11]        [edit]   

    Energy storage        Main article:          Grid energy storage       

For a stand-alone system, some means must be employed to store the    collected energy for use during hours of
darkness or cloud cover. The    following list includes both mature and immature techniques:        
 - Electrochemically in          batteries      
 -           Cryogenic liquid air or nitrogen      
 -           Compressed air in a cylinder      
 -           Flywheel energy storage      
 -      Hydrogen produced by          electrolysis of water and then available for pollution free combustion          
 -           Pumped-storage hydroelectricity      
 -           Molten salt      
 -           Superconducting magnetic energy storages       

Storage always has an extra stage of energy conversion, with consequent    energy losses, greatly increasing capital
costs. One way around this is to    export excess power to the power grid, drawing it back when needed. This    appears
to use the power grid as a battery but in fact is relying on    conventional energy production through the grid during the
night.        [edit]   

    Deployment of solar power   

Deployment of solar power depends largely upon local conditions and    requirements. But as all industrialised nations
share a need for electricity,    it is clear that solar power will increasingly be used to supply a cheap,    reliable electricity
supply.   

Several experimental photovoltaic (PV) power plants of 300 to 600 kW    capacity are connected to electricity grids in
Europe and the U.S. Other major    research is investigating economic ways to store the energy which is collected    from
the sun's rays during the day.        [edit]   

    Africa   

Africa is home to the over 9 million km²   Sahara    desert, whose overall capacity &mdash; assuming 50 MW/km²
day/night/cloud average    with 15% efficient photovoltaic panels &mdash; is over 450 TW, or over 4 million    terawatt-
hours per year. The current global energy consumption by humans,    including all oil, natural gas, coal, nuclear, and
hydroelectric, is pegged at    about 13 TW.        [edit]   

    Asia and Australia   

Australia has one solar power station, at      White Cliffs.   

As of 2004,    Japan had 1200 MWe    installed. Japan currently consumes about half of worldwide production of    solar
modules, mostly for grid connected residential applications.   

In terms of overall installed PV capacity,   India comes    fourth after Japan,   Germany,    and the      United States
(Indian Ministry of Non-conventional Energy Sources 2002).    Government support and subsidies have been major
influences in its progress.[12]    India's very long-term solar potential may be unparalleled in the world    because it is one
of the few places with an ideal combination of both high    solar power reception and a large consumer base in the same
place. India's    theoretical solar potential is about 5000      TW·h per year (i.e. 600 GW), far more than its current total
consumption.   

In 2005, the    Israeli government announced an international contract for building a 100    MW solar power plant to
supply the electricity needs of more than 200,000    Israelis living in southern Israel. The plan may eventually allow the
creation    of a gigantic 500 MW power plant, making Israel a leader in solar power    production.[13]        [edit]   

    Europe   
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A large solar PV plant is planned for the island of   Crete. Research    continues into ways to make the actual solar
collecting cells less expensive    and more efficient.   

A large parabolic reflector      solar furnace is located in the Pyrenees at   Odeillo,   France. It is    used for various
research purposes.[14]    Another site is the      Loser in    Austria.   

The Plataforma Solar de Almería (PSA) in   Spain, part of    the Center for Energy, Environment and Technological
Research (CIEMAT), is the    largest center for research, development, and testing of concentrating solar    technologies
in Europe.[15]   

In the      United Kingdom, the tallest building in      Manchester, the CIS Tower, was clad in photovoltaic panels at a cost
of   £5.5    million and started feeding electricity to the national grid on November 2005.[16]        [edit]   

    North America                                      A          laundromat in                  California supplements water heating with         
        solar panels on the roof.           

In some areas of the United States, solar electric systems are already    competitive with utility systems. As of 2005,
there is a list of technical    conditions that factor into the economic feasibility of going solar: the    amount of sunlight that
the area receives; the purchase cost of the system;    the ability of the system owner to sell power back to the electric
grid; and    most importantly, the competing power prices from the local utility. For    example, a photovoltaic system
installed in      Boston, Massachusetts, produces 25% less electricity than it would in      Albuquerque, New Mexico, but
yields roughly the same savings on utility    bills since electricity costs more in Boston.   

In addition to these considerations, many states and regions offer    substantial incentives to improve the economics for
potential consumers.    Congress recently adopted the first federal tax breaks for residential solar    since 1985 --
temporary credits available for systems installed in 2006 or    2007. Homeowners can claim one federal credit of up to
$2,000 to cover 30% of    a photovoltaic system's cost and another 30% credit of up to $2,000 for a    solar thermal
system. Fifteen states also offer tax breaks for solar, and two    dozen states offer direct consumer rebates.[17]   

Solar    One is a pilot solar-thermal project in the      Mojave Desert near      Barstow, California.   

On    August 11, 2005,      Southern California Edison announced an agreement to purchase solar    powered      Stirling
engines from      Stirling Energy Systems over a twenty year period and in quantities    (20,000 units) sufficient to
generate 500 megawatts of electricity.[18]    These systems &mdash; to be installed on a 4,500 acre (18 km²) solar farm
&mdash; will use    mirrors to direct and concentrate sunlight onto the engines which will drive    generators. Less than a
month later, Stirling Energy Systems announced another    agreement with San Diego Gas & Electric to provide between
300 and 900    megawatts of electricity.[19]   

The world's largest solar power plant is located in the      Mojave Desert.      Solel, an Israeli company, operates the plant,
which consists of 1000   acres (4 km²) of    solar reflectors. This plant produces 90% of the world's commercially
produced    solar power.        [edit]   

    Concentrated Solar Power (CSP) Commercial Developments   

A company called      Stirling Energy Systems (SES) of Phoenix, Arizona is developing a CSP    system called The Dish
Stirling System that concentrates sunlight on a      Stirling Engine to produce electricity. SES recently signed agreements 
  with      Southern California Edison and      San Diego Gas & Electric to develop large solar arrays in the southern   
California deserts that utlize their Dish Stirling System to generate large    amounts of solar electricity. The initial
contracts call for 800   MegaWatts    (MW) of electricity to be produced from Dish Stirling Systems arranged in two   
large series arrays, with the potential to expand the two arrays to 2,000 MW    in the future (an electricity generation
scale that is comparable to four    coal-fired power plants). Each dish can produce up to 25 kilowatts (a fraction    1/40th
of a MW) of electicity; therefore, to achieve their 800 MW goal SES    will have to install over 32,000 SES dishes. One
advantage of the SES approach    is that the dishes operate in a series, and therefore if one dish must be    taken out of
service for repairs or replacement it will not affect the overall    solar dish array operation.   

More Information:      Huge Solar Plants Bloom in Desert - Wired News 2005-11-15        [edit]   

    See also                               
 -                   1973 energy crisis          
 -                   Crookes radiometer          
 -                   Energy crisis          
 -                   Energy storage          
 -                   Energy towers          
 -                   European Union Climate Change Programme          
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 -                   Future energy development          
 -                   Green electricity          
 -                   List of conservation topics          
 -                   Negawatt Power          
 -                   Nuclear power          
 -                   Nuclear power phase-out          
 -                   Photoelectric effect                                      
 -                   Pyron Solar&trade;          
 -                   Renewable energy          
 -                   Soft energy path          
 -                   Solar cell          
 -                   Solar chimney          
 -                   Solar keymark, a European quality certificate          
 -                   Solar ponds          
 -                   Solar Tower          
 -                   Sustainable design          
 -                   Tidal power          
 -                   Timeline of solar energy          
 -                   Wind power                               [edit]   

    References        
 -      ^           Solar energy heats up India is Rapidly Developing Solar Energy via      Photovoltaic & Thermal Systems       
    [edit]   

    External links               
 - The              Solar Energy Industries Association is the national trade association        for the US solar energy industry
and has information on current commercial        technologies and market developments.        
 -               direct solar U.S. Department of Energy: Energy Efficiency and Renewable        Energy - Thermal water
splitting        
 -               U.S. Department of Energy: Energy Efficiency and Renewable Energy        Solar History Timeline        
 -               Home Power Magazine        
 -               National Renewable Energy Laboratory: Concentrating Solar Power (CSP)              
 - The              International Energy Agency runs many large multinational solar power        projects under the             
SolarPACES umbrella.        
 -               Solar Energy Magazine        
 -               Earthtoys report        
 -               ESTIF - European Solar Thermal Industry organization (statistics,        market situation)                
 - Task I.1:                  Central Generation Systems          
 - Task I.2:                  Distributed Generation Systems          
 - Task I.3:                  CSP Market Development.                      
 -               Library of public domain images of operational Solar Power projects        from the World-wide Information
System for Renewable Energy (WIRE).        
 -               Learn More about Domestic Solar Panels and Solar Panel Installations              
 -               Power Ball.        
 -               PowerPedia Solar Energy Directory Focuses on futuristic solar energy        delivery systems        
 -               Solar Panel Information provides general information about the        practical and ethical applications of solar
technology.        
 -               Residential Solar Power Systems - Photo Gallery        
 -               Solar Energy Projects and Daily News. Futurecrisis.com        
 -               Solar Garden Lights Applications of solar energy for households.        
 -               Solar power home system installation process - Installation process in        Northern California        
 -               Solar Power Related News        
 -               Huge Solar Plants Bloom in Desert - Solar-energy project in        California. Wired.com        
 -               Solar Facts - Information about all aspects of solar        
 -               Solar Thermal Water Splitting PDFs from U.S. National Renewable Energy        Laboratory (696k & 428k)        
   

                Sustainability        and energy development                 Edit                 Energy production                     Active solar
|              Bioalcohol |              Biodiesel |       Biofuel        | Biogas        | Biomass        |              Deep lake water cooling |  
           Distributed generation |              Electricity generation |              Ethanol fuel |       Fuel        cell |              Fusion
power |              Geothermal power |              Hydroelectricity |              Methanol fuel |              Ocean thermal energy
conversion |              Passive solar |       Solar        cell |              Solar chimney |              Solar panel | Solar power |          
   Solar thermal energy |              Solar Tower |              Tidal power |              Trombe wall |              Water turbine |           
  Wind turbine                 Energy development                     Environmental concerns with electricity generation |             
Future energy development |              Hydrogen economy |              Hubbert peak |              Renewable energy |             
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Hypermodernity |              Technological singularity                 Energy and
       sustainability status                     Ecosystem services |              Kardashev scale |              TPE |              UN Human
Development Index |              Value of Earth |              Intermediate technology |              Infrastructural capital                
Sustainability                     Ecoforestry |              Ecological economics |              Earth sheltering |              Development
economics |              Environmental design |              Exploitation of natural resources |              Green building |             
Green gross domestic product |              Natural building |              Permaculture |              Self-sufficiency |              Straw-
bale construction |              Sustainability |              Sustainable agriculture |              Sustainable design |             
Sustainable development |              Sustainable industries |              Sustainable living |              The Natural Step              
  Sustainability management                     Human development theory |              Maldevelopment |              Rio
Declaration on Environment and Development |              Rocky Mountain Institute |              Sim Van der Ryn |             
Underdevelopment |              World Business Council for Sustainable Development |              World Summit on
Sustainable Development |              Precautionary principle |              Intermediate Technology Development Group          
      Energy and
       conservation                     Energy-efficient landscaping |              Electric vehicle |              Hydrogen car |             
Voluntary simplicity |              Ecological footprint |              Ecovillage |       Waste           
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