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Abstract

The purpose of this study is to create a mathematical model for a proposed
small-scale (20 KW,) biomass-hybrid parabolic trough solar power plant (BSPP), which
can be used as a simulation tool for performance analysis and parametric study. Since a
BSPP is a relatively complex and costly system, a mathematical model wiil be useful for
preliminary analysis, prior to the design and construction of the aciual power plant.

The study is carried out in three parts as follow. First, to develop a semi-
analytical mathematical mode! for a proposed BSPP using thermodynamic analysis
based on mass and energy transfer balances. Second, to measure and collect data in
order to validate the mathematical model. Third, to demonstrate the usefulness of the
modei as a tool for analysis and performance simulation of the proposed power plant.

The findings from the study are: (i) The BSPP model is adequate to predict the
fluid exit temperature of a parabolic trough collector which is an important parameter of a
solar thermal power piant. The average % deviation between predicted and measured
vaiues is found to be less than 6%. (i) The model can be applied for the parametric
study of two other imporiant parameters, namely the collector fluid mass flux & collector
area. For clear sky condition in solar mode, the optimal collector area is found to be 210
m’ and the corresponding optimal heat transfer fluid (HTF) mass flux is evaluated to be
0.154 - 0.368 kg/s. Similarly for partly cloudy condition in solar mode, the optimal

collector size is found to be 355 m° while the corresponding optimal HTF mass flux is



0.276 —~ 0.610 kg/s. (iii) The model can also be used for the sensitivity testing of
parameters. A +/- 10% change in the vaiue of the direct irradiance, collector area, fluid
mass flux and concentration ratio is found to result in a corresponding % change in
power output of the power plant of about +/- 11.0%, +/- 9.5%, +/- 0.6% and +/- 0.2%
respectively. (iv) The levelized electricity cost (LEC) of cperating the BSPP in pure solar
mode is found to be about 2.3 times that of operating in a hybrid mode. This means that
besides being technically feasible, it is also more economical to operate a solar trough
power plant under Thailand’s climatic conditions when it can be hybridized with biomass

energy that is derived from the gasification of an agricultural residue such as rice husk.
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