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Abstract

1. Project Code: RMG5580062
2. Project Title: The investigations of hydrodynamics and characteristics of stand-alone biomass
combustion and biomass co-firing with coal in a 50 kW, circulating fluidized bed
combustor
3. Investigators: Asst. Prof. Dr. Prasan Sathitruangsak Mahanakorn University of Technology
Assoc. Prof. Dr. Thanid Madhiyanon Mahanakorn University of Technology
Email Address: prasan_mut@yahoo.com, thanid_m@yahoo.com

Project Period: 2 July 2012 — 1 July 2014

Energy demand of Thailand has been increasing rapidly due to the enormous growth of
domestic population and industrial development. Heat and power are general forms of useful energy
which were mostly converted from the chemical energy in the fuels. Coal, as a conventional fuel, has
been considered as a high potential energy resource because of its abundant reserve. In recent
years, it has been proven that circulating fluidized bed (CFB) combustion technology is widely applied
in the utilization of both coal and biomass fuels, because of its advantages of fuel flexibility as well as
low pollutant emission compared to the bubbling fluidized bed (BFB) combustion technology. CFB,
moreover, seems to be an attractively becoming combustion technology will be utilized in Thailand, so
that some basic parameters effecting combustion characteristics of each specific fuel have to be
studied.

This project emphasized on the experimental studies on hydrodynamics of particles, as well
as combustion characteristics and performance of pure coal, and co-firing between coal and rice husk
in a circulating fluidized bed combustor (CFB), 6 m height and 150 mm riser diameter. The effects of
bed weight and fluidizing air velocity on the hydrodynamics of particle, in terms of pressure distribution
profile, solid circulation rate, and voidage, were performed in a non-reaction condition. The

dependences of (co)-combustion characteristics and performance, in terms of temperature profile, as
well as gaseous emissions and carbon conversion efficiency (7];) under the different excess air ratios
(7\) were also investigated. Varied by adjusting the primary and secondary air flows, A were changed
between 1.10 and 1.96 for the cases of coal combustion. The changes in rice husk share between 0 —
40 %wt. at the fixed feed rate in the co-firing tests, corresponding to the alteration of A in the range

1.22—-1.42, were also performed.




The cold-flow tests showed that the pressure distribution profiles inside the combustor could
explain the particle circulation phenomena between the riser and downcomer, and could calculate the
voidage along the riser, ranging 0.887-0.997 depending on the bed weight as well as fluidized velicity
employed. Moreover, increases in bed weight and velocity were accountable for the higher solid

circulation rate ranged between 2.7 and 10 kg/mz-s. The experimental results of pure coal firing
showed that temperature profiles throughout the riser were nearly uniform, ranging 780-955°C, and

tended to abated with both increased primary (7\,1) and secondary (7»2) excess air ratios. In the cases
of co-firing, increasing rice husk shares, resulted in lowering heating value of the fuel mixtures,
caused a reduction in temperatures. Increasing 7\,1 and 7»2 in the coal firing led to enhance the
combustion performance, for instance, the CO reduction and the better 7).. In view of gaseous
emissions corrected to 6% O,, CO in the coal firing cases dramatically decreased from 1500 ppm to
the lowest value of 54 ppm when A in the range of 1.62-1.77 was utilized. When A > 1.30 was
introduced, NO, emission tended to increase gradually to the maximum value of 340 ppm. The more
the rice husk was blended in co-firing, the higher the CO and NO, were produced. Finally, the carbon

conversion efficiency for all cases was satisfied, mostly higher than 97%.
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