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Abstract

The aim of this study was to design and test a heating system for piglets in farrowing
house by utilizing the waste heat from a biogas engine as a heat source. The study was
separated into three parts: 1) the study,on the biogas combined heat and power plant, 2) the
investigation on the properties of the heat panel and 3) the installation and testing of the

heating system.

From the experiments, the condition producing 60 kW of electrical power was a
proper condition for generating the electricity, in which the electrical efficiency and the
specific fuel consumption were 4% and 1.22 m3/kWh, respectively. Generating both
electricity and heat increased the overall efficiency to 37.7% and decreased the specific fuel
consumption to 0.45 m’/kWh: The heat panel, which was mad\c of a plastic material, had the
thermal conductivity of 0.5,8 W/m®C and the maximum compressive force and operating
pressure of 8.1 kN and 0.35 bar, respecfiively. The panel’s surface temperature was dependent
on the inlet water’s temperature. When the hot water of 44°C was supplied into the
farrowing house with the room temperature of 260C, the average surface temperature was

33°C. The developed heating system could provide the heat for 4.3 farrowing houses. The

payback period of this project was 2.5 years.
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Design Data Gas-Diesel Engine Gas-Otto Engine
Compression ratio 15-18 10-12
Excess air ratio 1.3-4.0 0.9-1.3
Specific fuel consumption, m’/kWh 0.55-0.75 0.65-1.0

( + pilot fuel )

Exhaust gas temperature, °C 500-700 500-900

Ignition type Self-ignition of pilot fuel As in other Otto engines
injected into a  hot
compressed mixture of air
and gas which is ignited by

the pilot fuel subsequently
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Induction motor
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{n) Anemometer () Ultrasortic flow meter (A1) Tachometer (9) Thermocouple (9) Power meter

= o o A A o A W
13140 3.1 ‘Wﬁ'I‘JJLGI?JﬁkLﬂ&ﬂ‘iﬂﬁMi’]’JﬂiUﬂﬁﬂﬂﬁﬂﬂLﬂ‘iﬂﬂﬁ!umlﬂﬁsﬁﬂﬂiw

Parameters Instruments

Flow rates

Gas low rate, m'/h Anemometer

Air flow rate, m’/h Anemometer

Water flow rate, m’/h Ultrasonic Flow meter
Temp(;,ratures

Exhaust temperature, °c Thermocouple

Cooling water temperatures, °c Thermocouple

Water in heat exchanger temperatures, *C Thermocouple
Biogas engine speed, rpm Tachometer

Electrical measurement
Voltage, V Power meter
Ampere, A Power meter

Power factor Power meter
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Q et = Qetectricar + Covotam + ok + Crose (3.1)
Qi = HHV it (3.2)
Qectioar = N3VT cOS ¢ (3.3)
Qeosione = MeCpy Tege = Tey,) 3.4)
Qror = Mz Cp, T — Typ) - (3.5)
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Strength, kN UTM
Pressure, bar Pressure Gauge
Thermal conductivity, W/m°C Heat Transfer Service Unit
Surface temperature, °c Thermocouple
Inlet & outlet water temperatures, °c Thermocouple
Water flow rate, m’/h Flow meter
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(m’/min) (%)  (m'/kWh) (%) (%) (m"/kWh)
40 1.08 10.6 1.62 17.2 27.8 0.62
50 1.11 12.9 1.33 17.7 306 0.56
60 1.22 14.0 1.22 . 237 377 0.45
70 1.69 11.8 1.45 25.3 371 0.46

75 2,17 9.9 1.73 24.0 33.9 0.50




34

110

100
I —e— heat {0 coclant
90 —a— heat from exhaust gas

60

Heat (kW)

50
40

30

1 L 1 I 1 L 1 L ’(
0 40 50 60 70 80

Electrical power (kW)

d' =Y ) 9 & cgl A o o Y A ¢ Y A
g‘].h’! 4.1 ﬂillv"lﬂ«lﬂ?'llliﬂul?‘iﬁ'ﬂ‘ﬂﬂ‘ﬂu?ﬂﬂ:ﬂlﬂulﬂﬁﬂﬂkﬂﬁﬂQﬂi‘!Wuﬂﬁﬂf'ﬁﬂ']w

iy r
4.2 AMAUUAVIIHUND

1 Y 1 o o ] ] o
Nam‘iﬂﬂﬂ'@mmuﬂmﬁﬂmm AITHLLUILT mmé’i’mmumaﬂumﬂaluuwu ANTIU

¥ 3 =
ANUTIU QﬂLLﬂﬂﬂll’JsluGﬂiN‘ﬂ 4.3

M13197 4.3 QuautifAvowAunn

Parameters
Maximum compression force, kN 8.10
Maximum pressure, bar 0.35
Thermal conductivity, Wim’°C 0.58
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=68.225 °C
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