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Progress in R&D on Solar Thermochemical Conversion
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2. Graduate University of Chinese Academic of Sciences, Beijing 100039, China

Abstract This paper reviews the recent developments of studies of thermochemical conversion of concentrated solar thermal energy to
chemical energy. The conversion has the advantage of producing long term storable energy carriers from solar energy and enables solar
energy lransportation from the sunbelt to remote population centers. The thermochemical conversion pathway is characterized by a
theoretical high efficiency. However, there are special features in solar processes in comparison to conventional thermochemical processes—
high thermal flux density and frequent thermal transients because of the fluctuating and intermittent insolation—and conventional industrial
thermochemical processes are generally not suitable for solar driven processes. Therefore, the adaptation to such features of solar
thermochemical processes has been an important R&D task in this research field. Thermochemical steam or CO, gasification of coal, steam
or CO, reforming of methane, and splitting of fossil fuel, are industrially important endothermic processes to produce useful chemical fuels
such as hydrogen, synthesis gas and C,-hydrocarbons, which have been considered as solar thermochemical processes. The technical
difficulties and potential to conduct these endothermic processes by utilizing concentrated solar radiation as the process heat are
recommended here. A low temperature solar thermochemical power plant with inherent CO, recovery using methanol-fueled chemical-
looping combustion is also given.
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Fig. 1 Thermochemical routes for the conversion of fossil fuel
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Fig. 4 Schematic diagram of the new solar/methanol
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Fig. 5 Photo of the 5kW solar receiver/reactor prototype

112 2010,28(7)

Fig. 6 Thermochemical efficiency of solar thermal energy
conversion into chemical energy and comparative
upgrading of energy level of solar thermal
energy for different mean solar flux
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Table 1 Conversion efficiency of solar thermal
energy at top solar flux
kW 206.1" 287.8 361.8"
kW 1834  256.2 32.0
1% 18.6 24.2 28.6
1% 31.8" 284" 24.4™
: / 89%;"
65% 80% ;" ,

65%

65%.

Notes: * means the black receive/reactor absorption efficiency of 89%;

“ means the optical efficiency of 65% as well as reactor absorption

efficiency of 80%; ™

means an optical efficiency of 65% as well

as a receiver efficiency of 65% for using heat transfer fluid

technology in the ISCC.
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