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SOLAR CHIMNEY POWER PLANT/ SLOPED COLLECTOR/ SOLAR ENERGY/

WASTE HEAT RECOVERY/ DIVERGENT CHIMNEY

The solar chimney power plant (SCPP) generates electricity through the use of
solar thermal power. Solar energy is trapped using a solar collector. Due to the
buoyancy effect, the heated air flows up a chimney in the center of the solar collector.
The kinetic energy in the flowing air is converted into electrical energy using a turbo-
generator installed at the chimney base. Generally, the chimney of SCPPs proposed is
about 1 km high. The construction of these tall chimneys is very challenging and the
construction cost is enormous. The sloped solar chimney power plant (SSCPP) is a
variation of the SCPP. One of the SSCPP’s prominent feature is that its collector is
sloped, and then its chimney can be shorter than that of the SCPP. This leads to a lower
investment cost of SSCPPs compared with that of SCPPs. Also, previous studies show
that the industrial waste heat potential of Thailand is considerable and should be
investigated. As a result, this study developed a mathematical model for designing a
sloped solar chimney power plant powered by industrial waste heat (SSCPP-WH).
The model was justified by validation using experimental data. Then the
geometrical dimensions of an SSCPP that has the lowest levelized cost of
electricity (LCOE). It was found that the LCOE is about 0.075 USD/kWh and the
payback period is about 5 years for an SSCPP-WH with a collector area of 49,000 m?,

chimney height of 45m, AR43 of 3, AR12 of 14 and waste heat of 10 MW. It was also



found that the payback period of SSCPP with no supplied waste heat is lower than
that of some SSCPP-WHs. This is due to an additional investment cost for the heat
exchanger installed and for relatively larger plant to compensate the pressure drop
across the heat exchanger. To make sure that the payback period for the SSCPP-WH
is faster than that of SSCPP with no waste heat, a ratio of the supplied waste heat to
the absorbed solar energy of the SSCPP-WH must be greater than 0.34. It should be
emphasized that using a divergent chimney can decrease the LCOE and payback
period significantly compared with using a constant-diameter chimney. The results
reveal that the LCOE and payback period of a plant with a divergent chimney are
about 50% and 60%, respectively, of those of a plant with a constant-diameter
chimney. Furthermore, it was found that the optimum ground slope depends on the

magnitude of waste heat supplied.





