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Solar Thermal Chemistry
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1. Introduction

The advantages of solar energy versus
all conventional or planned energy sources
are as follows: solar energy can provide a
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renewable supply of process heat at differ-
ent temperatures ranging from room tem-
perature up to approximately 2000 K; in
addition, all atmospheric pollutions such
as CO, (greenhouse effect), NO, (destruc-
tion of the ozone layer), and SO, (acid rain)
are strictly avoided and full renewability is
guaranteed.

The process heat so obtained can be
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used as cheap and clean energy for nearly
all chemical processes. It can be trans-
ported in the form of steam, and — in some
cases — as molten salts or molten metals.
The following chemical reactions can be
performed by using solar process heat:

1.1. Production of Light Hydrocarbons
The production of simple hydrocarbons
and derivatives thereof such as methanol,
ethene, ethanol, or acetylene can supply
basic chemicals in organic industrial chem-
istry and as transportable and storable fu-
els. As parent carbon compound, CO, can
be used (ideal case). This group of pro-
cesses avoids the extensive and wasteful
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ulates (perhaps catalyst particles), wires, or
fabrics of ceramic fibres. To our knowl-
edge only one volumetric receiver concept
has been tested, but with promising results.
Research needs to be performed to explore
and develop the reactor-receiver technol-
ogy. The high pressures to be sustained
simultaneously with high fluxes transmit-
ted by the window must be accommodated
by design studies.

The advantages of direct absorption are
obvious: no walls or windows need to be
exposed to high fluxes, thermal stress
problems are reduced, high absorptivities
can be achieved, no temperature drop need
be taken for indirect heat transfer, and loss
of available energy (exergy) is avoided.
Gases loaded with particulates, liquid
films, and falling catalyst pellets can be
used in direct absorption. The technology

to be developed can be applied to pho-
tothermochemical reactions and may ad-
vance heat-transfer technology in general.

Research is needed in the absorption
and scattering of radiant energy by the
specific particulates to be used. Investiga-
tions on gas two-phase fluid dynamics
should be carried out. Clearly materials
research is needed to develop catalyst car-
riers and other media involved.

Not to be overlooked is the need for the
development of measurement concepts
and instruments based on these new con-
cepts.

Transparent windows subject to high
fluxes and several atmospheres of pressure
difference are to be developed and demon-
strated.

Some of the research required is not es-
pecially process specific and should be ini-
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tiated at once. The process specific re-
search should be phased in as simultaneous
research on the specific chemical processes
develops.

Thermal storage is almost certainly
needed (even with direct reactors) to main-
tain process control, high overall effiency,
reduction of startup-shutdown losses, and
to meet peak demands. Promising new
techniques involve sensible and/or latent
heat storage in pebble beds or composite
materials as well as chemical storage. Re-
search specifically dedicated to high tem-
perature levels should be promoted.
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