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Two main systems can be considered for large scale application of solar energy: Thermal systems
and photo reactive systems. In the thermal systems the solar light is first converted into heat and
than converted into various energy products. In the thermal systems , the efficiency depends on
the temperature, and the relation to temperature is best formulated by the Camot efficiency terms.
In the photo reactive systems the efficiency depends on the spectrum and the dependence on
temperature is more complicated. The complexity of the photo reactive systems results from the
fact that after excitation by the solar light, the transient excited states (electronic, vibronic,
rotational and translational) are not in equilibrium and the dynamics of the different relaxation
pathways defines the final products.

While the efficiency of thermal systems increases with temperature, the receiver efficiency is
strongly reduced with increasing temperature, and the radiative losses depend on the fourth power
of the absolute temperature. These losses can be reduced by increasing the solar concentration and
thus reducing the size of the aperture of the receiver. The solar concentration is again
thermodynamically limited according the law of conservation of brightness. This restriction can be
easily formulated and the upper limit that corresponds to the brightness of the sun is 46000. The
thermodynamic limit of concentration cannot be approached by imaging optics, however a
combination of imaging and non imaging devices can provide very high solar concentration. The
maximum concentration is obtained by a parabolic dish equipped with a non imaging concentrator.
Assuming tracking errors and surface errors of the mirror to be one milliradian each, than the
maximum concentration in industrial systems is 20000. In central receiver systems this value is
reduced to 10000 due to geometrical factors that correspond to the relative position of the sun, the
mirrors and the target. In linear concentrators the maximum concentration is limited to 100, if both
imaging and non imaging optics will be applied. These relationships actually define the maximum
temperature that can be achieved with the various concentrating systems. Parabolic dishes can be
used for thermal systems at temperatures in the range of 2200k allowing sufficient temperature
difference for heat transfer and using efficient non imaging devices with low reflection losses.
Central receiver systems can achieve receiver temperature of 1300k using non imaging devices
and only 700k using the primary concentration of the heliostat field.

This temperature can be efficiently achieved with lower concentration taking advantage of the
difference between the solar spectrum and the long wavelength spectrum of the emission from the
solar receiver and using selective coatings. For this reason both central receiver systems and linear
concentrators were competing successfully on steam technology that is limited to this range of
temperatures. Receiver efficiencies of 85% can be achieved using non imaging devices in central
receiver systems, at a temperature above 1300c. The thermodynamic cycle of a thermal closed
system, involves gradual heating from nearly ambient temperature to the maximum system
temperature. Replacing the isothermal receiver concept with a cluster of different receivers for each
range of temperature, reduces the over all thermal losses to a minimum and efficiencies higher than
90% can be practically achieved. These receivers can be coupled with existing thermal machines
like combined cycle gas turbines with cycle efficiencies of 52%. This option became practical with
the development of the Weizmann-Karni volumetric receiver that can operate under high
temperature and pressure that are suitable for these turbines. The same concept can of course be
applied also to solar thermal chemistry for the production of solar fuels. This concept of a cluster
of receivers with gradual increase of temperature and maximum solar concentration, reduces also
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the thermal heat capacity of the system and the threshold for operation under fluctuating solar
conditions.

Photo reactive systems like solar pumped lasers and photo voltaic systems also benefit from high
solar concentration and most of them are more efficient at higher solar concentration. All these
systems have a specific energy for transformation from the electronic ground state to product. In
photo voltaic systems this is the band gap, for lasers it is the energy of the emitted laser photon. A
fraction of the energy of the solar photons which are used for excitation is lost in the process and
converted to low temperature heat. This fraction is equal to the difference between the energy of
these photons and the "band-gap". The highest efficiency of these systems is obtained when the
concentrated solar light is split into various spectral bands and than each band is applied separately
to different systems with different band-gaps. The width of this spectral band can be selected in a
way that the conversion efficiency of each band will be 50%. Splitting the spectrum into different
bands can be done with interference filters almost without losses. J he filters are very stable to
high concentration of solar light and their cost has a minor effect on the economy of the system.

According to our analysis, the cost of the solar part including the field the tower and the receiver is
reduced to 500$/kilowatt installed. Due to the high efficiency of these concepts some solar
products will be able to compete with traditional energy sources in the near future.
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