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Fig.l Heating system of middle temperature biogas digester by solar energy and waste heat power generation recovery
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Note: 1.Feed pump, 2.Feed pump, 3.Primary fermentor, 4.Secondary
fermentor, 5.Air blower, 6.Agitator, 7.Slurry pump, 8.Dry fermentor,

9.Discharging machine, 10.Feed screw conveyor, 11.Air blower,
12.Gasholder
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Fig.2 Process flow diagram of biogas project
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Table 1  Area parameters of fermentation tank
JEEHIA TR i e
Floor space/m®  Top space/m”>  Tank height/m
Y o A
A 103 107 8.4
Primary fermentor
R
KRR 165 204 6.6
Secondary fermentor

R 75 31 36

Dry fermentor
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T HAEIGEIR N 6659.2MT .
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Table 2 Average daily heat load in different months in 2012

A4 Month 1 2 3 4 5 6 7 8 9 10 11 12
SR
. BRI . 175 -135 -4 7 14.5 20.5 23 21 15 6.5 -5 -14.5
Environment temperature/C
EklE
HERHR L . 5 5 7.5 10 10 15 15 15 10 7.5 7.5 5
Feed temperature/C
Kl e 24 =%
e A
218.6 2021 1625 1167 85.4 60.4 50.1 58.3 83.3 1187 166.6  185.1
Total heat loss of tanks/(MJ-d™")
HE UL A B B 2k
HEHVR B AR 7.56 7.56 6.30 6.30 6.3 5.04 5.04 5.04 6.3 6.93 6.93 7.56

In and out of the total heat loss/(GI-d™")
RAEAR
Total heat loss/(GJ-d™)

7.77 7.76 6.46 6.34

6.31 5.05 5.05 5.05 6.31 6.94 6.94 7.58
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Note: 1.Solar collectors, 2,3.Feed pump, 4.NO.3 Solenoid valve, 5.Electric
heating, 6.NO.2 Solenoid valve, 7.NO.1 Solenoid valve
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Fig3 Solar collector system
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Table 3 Solar collector storage volume when guaranteed rate is 100%

H4 Month 1 2 3 4

6 7 8 9 10 11 12

A
Tilt radiation/(MJ-m>d™")
RS
Total heat/(MJ-d")

10.27 13.98 17.95 18.12

1581 2153 2765 2791

18.59 18.20 16.87 16.11 16.7 14.90 11.98 8.96

2 862 2 804 2598 2481 2576 2295 2122 1381
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Fig.4 Effect of solar and power waste energy heating system
on Primary fermentor
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Abstract: Biogas projects have been rapidly developed in China due to their energy efficiency and environmental
benefit. However, the microorganism in fermentor is inactivate and biogas production will be dramatically
declined if the temperature in biogas fermentor is unstable or is too low. Sofar many biogas projects only operate
stably in Southern China. It is difficult to expend the larger and medium-sized biogas projects in Northern China.
Because the thermal insulation in this region cannot support the biogas fermentation. In this study, a set of heating
system that composed of solar and power waste energy were tested. This technology was demonstrated for a
middle temperature fermentation project in Harbin Shuangcheng city. The design principle is discussed in this
paper. Some key parameters including fermentation heat load, generator heat recovery utilization rate, and thermal
efficiency of solar collector unit were calculated theoretically to verify whether this heating system can meet the
middle temperature condition. The results showed that averaged daily heat loss for this biogas project was
6659.2MJ during the whole year. Solar energy- power waste heating system used in intermediate temperature
anaerobic fermentation can store averaged 7017.6 MJ heat per day. Because of larger temperature difference
during the year in Northern China, adding heat and losing heat of the biogas project were analyzed for each month
through the comparison analysis of heat supplement and loss. The biogas project needs additional 372.2, 369.4
and 208.3 kWh power from the biogas generator in December, January and February to ensure the project stable
operation. In remaining months, the heating system was able to meet the middle temperature for the project.
Further testing for the temperature raising effects by this heating system was conducted in August. Results
showed that the fermentation raw material in primary fermentor can achieve 35°C after 28 days’ heating,, and
satisfy the middle temperature condition. With high quality solar energy resources in Northern plains, combining
the solar energy and biogas power generation waste energyis bale to reduce the generator heat waste and regulate
the heating system by controlling the biogas generator. The combined heating system in this biogas project can
reduce the investment system. It is expected that this paper will assist designing a heating system to for the stable
operation of biogas projects in Northern China.
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