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We all know the abundance of solar radiation falling onto the earth. With 10^kWh/a it exceeds
the total energy needs of mankind, about lO'^kWh/a, by 4 orders of magnitude. Thus even at an
efficiency as low as 10% an area of only 0.1% of the earth would suffice to supply all energy
needs. However, while the quantitative aspects of solar radiation have received much attention, the
quality of this energy source has not. This contribution is meant to stress the need to utilize solar
energy in such a way as to preserve its high quality as much as possible.

Energy, as measured by its quantity, is conserved. This is the basic message of the First Law of
Thermodynamics. According to this, energy consumption is a misnomer. What is consumed,
however, is the quality of energy, as that of other resources too. The quality is not generally
conserved, it can decrease, but it can never increase. This is the message of the Second Law of
Thermodynamics. There are several ways to measure the quality of a specific form of energy.
One way is to consider the theoretical maximum efficiency with which it can be converted into
work. This quantity is known as exergy and can serve as a good measure for the quality. For
thermal applications the exergy is connected to the temperature of the heat. On the other hand to
produce high temperature heat from solar radiation at good efficiency one needs high flux
densities, much higher than they occur naturally on earth. The scale is set by the properties of the
solar radiation itself. The flux density of solar radiation decreases on its way from the sun to the
earth inversely proportional to the distance square from 40MW/m2 to roughly lkW/m^ on earth.
A well insulated black absorber exposed to this radiation will heat up to a maximum of 400K
(120°C), as compared to 58OOK at the surface of the sun. At an ambient temperature of 300K, the
exergy content of heat at this temperature is only 0.25 as compared to 0.93 for solar radiation.

But the propagation of radiation in free space is a reversible process. By suitable reflectors such as
CPC we could concentrate the radiation to reproduce the original flux density. For radiation the
quality, exergy content, is not related to the flux density but rather to the power density in phase
space known as etendue. Etendue is the product of cross section area and projected solid angle. As
the radiation propagates, the projected solid angle decreases as the area increases, so that the
etendue is conserved. If, at one stage of the conversion process, the radiation is diluted in phase
space, than no subsequent concentration can compensate for this loss in quality. Dilution occurs
for example in heliostat fields due to partial ground coverage, shading, blocking and astigmatic
distortion of the spot. This reduces the maximum concentration attainable with secondary
concentrators.

Future fields should be designed such that the dilution in phase space is minimal and therefore a
high final concentration is reachable with secondary optics. Only then can we hope to convert
solar energy with the high efficiencies commensurate with its inherent quality. Concentrations of
10000 and temperatures in the range of 2000K can be reached with such design.
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