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Design on Heating Systems Combined with Air- source Heat Pump and

Solar Energy of the Rural Biogas Digester
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(1.Modern Agricultural Science and Engineering Institute, Tongji University, Shanghai 200092, China;

2.College of Mechanical Engineering, Tongji University, Shanghai 200092, China)

Abstract: A heating system combined with air—source heat pump and solar energy was designed for an 8m’ fermentation reactor. In or—

der to meet the heat load, it can be switched for different patterns including solar energy powered mode, solar powered air—source heat pump

mode and air-source heat pump mode according to different weathers. Heat load was calculated based on the characteristics of the digester.

Compared with the electro—thermal film heating system and ground source heat pump system, this system increases investment returns and net

present value of 23190.2 yuan and 7611.9 yuan respectively. Meanwhile, the recycling extended payback period could be 8 years and 4 years

individually. For energy savings and economical availability, it has broad prospects in the future.
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Tab.1 Meteorological conditions in Shanghai
/° ° = /'C "
31 121 -2 -4 32 28 75 83
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o T, C 35C
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Q, J T 35C
Q J Cp 4.18x10° W/(m*K).,
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2 (kW)

Tab.2 Heat load of the most adverse operating conditions during winter(kW)

Q Qb Qb Q Q
0325 4.049 1.284 5333 5.658

24

100 mm 0.325 0.233 0.039 0.273 0.598 F:QJ/K Atm (8)
L=F/T1d )
2.3 F m?
1d Qt L .
Qt=24xQ ®)] Qj kW
Q o K W/(m2-K)
d mm
° 3h At Thl,
2
Qj=Qt/3=4.8 kW (6) PERT
35T
W=Qj/COP=1.6kW ™ v=0.727 x10 u=148 m/s
CcopP 3,
2kW ! o
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Tab.3 Comparison between two kinds of pipes
DN /mm /mm K/[W/(m*-K)] M[W/(m-K)] F/m? L/m
20 0.4 771.01 15 0.26 43
PE-RT 25 2.8 71.53 0.48 2.8 46
PE-RT COP 3,
3%
10% 10 W =(Q x¢ )/COP (12)
4m , ¢ 02 COP 3,
3 1595 kW-h
4.784 kW -h
o 0.96 kW-h,
N 3.1
o 3 0.627
. (180d) .
3% (5 2.25%). © 0.627x15.95x180=1 800
1.67 20 o @ 0.627x4.784x180=540.3
( ® 0.627x0.96x
) 2.83 20 180=108.3
3 20 4
Tab.4 System costs
80% 3.0,
Q=14.352 kW-h,
[10] / 16 700 28300 30 000
/ 1 800 540.3 108.3
W=Q/n. (10) 4
7. 0.9,
AK=1.33( )
W=Q/COP (11)
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AK=0.17( )

A, =1800-108.3=1 691.7( )

A,=540.3-108.3=432( )
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Fig.2 Comparison between different heating modes
3.2
\-N
G=A, -0H)T (13)
12
A,
i
N .
20
(13)
-20
G,=1691.7x 1 13%;)3 =25166.9( )
G K,=25166.9-13300=11 866.9( )
20
G ,=432x 1= 13%;’3 ® 64267( )
Gr K =64267-1700=47267( )
3.3
- (14)
T .
_ 13300 _
(14) =320 =78( )
8 .

(14)
_1700 _
T, 432 3.9(C )
4 °
4
(1) 100 mm
2 kW 43 m
(2) N
11 866.9 4726.7
8 4 o
3)
[1] . [M].
,2005.

[2]Bello-Mendoza R. Sharratt. Compartment mixing model for anaerobic

digesters with central draft-tubes [C]//Symposium held on Fluid Mixing 6

at the University of Bradford,1999(146):383-394.

[3]Bouallagui H, Haouari O, et al.Effect of temperature on the performance

of an anaerobic tubular reactor treating fruit and vegetable waste[J].Process

Biochemistry, 2004(39):2143-2148.

[4]Zabranska J,Dohanyos M.,Jenicek P, el al.The contribution of

thermophilic anaerobic digestion to the stable operation of wastewater

sludge treatment[J]. Water Science and Technology,2002(46):447-453.

sr. . [J].
,2008,26(1):37-41.

[6]Alkhamis T M, El-Khazali R, Kablan M M, et al Heating of a biogas

reactor using a solar energy system with temperature control unit [J]. Solar

Energy,2000(3):239-247.

[7]Petros Axaopoulos, Panos Panagakis. Energy and economic analysis of

biogas heated livestock buildings [J]. Biomass and Bioenergy,2003(24):

239-248.

[8JHamed M El-Mashad, et al. Design of a solar thermophilic anaerobic

reactor for small farms [J]. Biosystems Engineering,2004(87):345-353.

[9] s s . [J].

,2005,23(3):25-26.

[10] s y o [J1.

,2010,26(2):271-272.

(1969)

(huixian_shi@tongji.edu.cn),

31



