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Storage and transport of solar energy can be achieved by a closed-loop solar chemical heat pipe
(SCHP). An endothermic reaction is carried out at the solar site, the products are stored at
ambient temperatures and transported to the consumer site. There, whenever energy is required,
the reverse exothermic reaction is carried out, releasing high temperature heat and regenerating the
original reactants, which are stored and returned to the solar site for recycling. For the production
of fuels, which can also be considered as stored solar energy, an open-loop SCHP is used. In this
case, a low quality carbonaceous material is processed at high temperatures, at the solar site, and
the product is transported to the consumer site, where it is burned as a fuel. This presentation
describes our recent work on chemical reactions driven by concentrated solar fluxes and the
relative efficiencies that can be achieved by using different types of reactors.

In the study of a closed-loop SCHP, reforming of methane was used as the chemical reaction. The
solar flux can be introduced into a reaction medium either indirectly or directly. An indirect way is
by using a heat transfer fluid that is heated by the solar flux. Air can be heated to 1000°C in a
tubular ceramic receiver and transferred through insulated pipes to heat up the reactor. In this case
the primary heat is transferred through two walls and a connecting pipe. Alternatively, air can be
heated by a volumetric receiver, resulting in heat transfer through a connecting pipe and only one
wall. Both systems were tried in Almeria, Spain. Another indirect method is the use of a suitable
refluxing liquid as the heat transfer medium. This method was applied at the Solar Furnace of the
Wiezmann Institute, in an integrated receiver/reactor, using sodium as the refluxing liquid (1). In
this case the primary heat is transferred through two walls but there is no connecting pipe. A more
efficient way is the direct heating of the wall of the reactor, which is mounted in an insulated
receiver (2). The reactor used mostly was an inconel tube filled with the catalyst. Due to material
limitations, the maximal temperature on the reactor wall was not allowed to exceed 960°C, but
nevertheless, high chemical conversions were achieved and the power flux, on the reaction wall,
reached 110 kW/ m^. The most direct method, and therefore potentially the most efficient one, is
direct absorption of the sunlight by the reactants. In our case the reacting gases do not absorb the
sunlight to any appreciable degree and therefore we used the catalyst surface, which is the real
reaction site, as the absorber. An advantage of this method is that the highest temperature is at the
reaction site and not on the wall of the reactor. Direct absorption studies were carried out using a
cordiorite honeycomb coated with Rh, and enclosed in a quartz bell-jar. The results were very
promising and showed that the specific activity of the catalyst in the direct illumination method
was much higher than in the experiments carried out in the packed-bed inconel reactors (3).

The main application of an open-loop SCHP is for the production of fuels. Low quality
carbonaceous materials can be processed, using solar energy, increasing their energy content, and
at the same time converting them into clean transportable fuels. We used Israeli oil shales whose
energy content is rather low, 3700 kJ/kg. Calculations show that by adding 4800 kJ/kg sola
energy, the shales can be gasified to produce synthesis gas with a calorific value of 6200 kJ/kg
shale. This amounts to an increase by a factor of 2.8, in deliverable energy, as compared with the
conventional retorting process. Another part of the energy invested can be recuperated from the
hot gases and the hot spent shale by reacting the CaO in the spent shale with CO2- The
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experimental work was carried out at the lowest target of the Institute's Solar Tower, using a 2-D
compound parabolic concentrator (CPC), for further enhancement of the solar flux. The
gasification was performed in a tubular reactor, where the shales were fluidized by argon. Two
reactors were tested, an opaque one from inconel, and a transparent one from quartz (4). It was
shown that the percent decomposition in the inconel reactor is similar to the experiments carried
out by conventional pyrolysis in a micro reactor in the gas chromatograph. However, the percent
decomposition in the quartz reactor is much higher. A computer model was developed for the
different steps of the process and comparison of the calculations and the experimental results
showed reasonable agreement. We were also able to optimize the conditions for a larger unit and
project energy efficiencies for the opaque and the transparent reactors.
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