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Development of Small-Scale Biomass Power Plant with 55 kW Stirling Engine
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Small-Scale biomass power plant with Stirling engine (STE) was developed in this R&D. In wood powder combustion test,
air ratio could be down to 1.1 without increasing CO and unburned carbon. Combustion efficiency was higher than 99.9% at
air ratio of 1.1. NOx emission was 100 ppm (6%0,) at air ratio of 1.1, and 200 ppm (6%0.,) at air ratio of 2.5. As results of
start-up and shut-down tests, operating performance and safety were quite excellent. It looks easy to establish a
full-automatic control and operation system. Ash fouling problem in the heater head of STE was clearly found during wood
powder burning. As a result, higher dust loading, higher combustion temperature, and also higher STE inlet gas temperature
result larger amount of ash deposit. That is, potassium in wood fuel evaporates in burner zone, and it is accumulated at the
surfaces of STE heater tubes. Ca, Si and another ash components are accumulated with together at this moment at the tube
surfaces. At the final stage, continuous operation of about 7 hours with cyclone collector was carried out reducing ash
fouling. We calculated energy balance, power generation efficiency is 20% in case that preheating air temperature is 600
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Sample No. 1 11 11
HHV MJ/kg,dry 19.12 19.04 18.94 STE (4.4.2 )
Moisture %, wet 9.62 10.2 12.3
Volatile matter %, dry 81.06 | 81.42 | 81.68
Fixed carbon %, dry 18.42 | 18.10| 17.88
Ash %, dry 0.52 0.48 0.44
C %, dry 52.67 52.03 52.10 8.0
H %, dry 6.09 6.03 6.15 _ 70 || ©Transportair (PA) 55-60Nm3/h
0 %, dry 40.53 41.30 41.14 E 60 | M Transport air (PA) 80Nm3/h
N %, dry 0.18 0.14 0.16 = O Transport air (PA) 100Nm3/h
S mg/kg,dry 140 160 100 5 50 Burmer Tvoe: B
Cl mg/kg,dry | <50| <50| <50 ; qo | o mer e
Sio, %, in ash 13.85 8.99 5.71 € 40t
AlQ, %, In ash 3.04 2.19 1.29 g |
Fe,0, %, inash | 5.92| 5.23| 4.76 g 2°
Ca0 %, in ash 39.57 | 37.71| 39.06 Lor
S0, %, in ash 4.14 3.49 3.10 0.0
P,0: %, in ash 1.99 1.99 1.69 00 01 02 03 04 05 06 07 08 09 10
Na,0 %, in ash 3.74 2.75 1.89 Burner air ratio ; (PA+SA)/(PA+SA+TA) [ -]
K,0 %, in ash 14.88 26.30 31.26 8
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Power plant efficiency , Overall thermal efficiency [ % , LHV base ]
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