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Dynamic Thermal Load Characteristics in Anaerobic Digester
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Abstract; Temperature is the critical factor affecting biogas production rate. Anaerobic digester is the
heating object in biogas engineering, the heat load of fermentation tank is the basis of biogas project
design and selection of heating system, which is related to the stability of anaerobic digest system and
economy of heating system. Therefore, it is vital to define the heat load characteristics of the fermentation
tank. The average temperature of the fermentation tank was calculated, and then the digester’ s heating
load was figured out, the maximum value was regarded as the system’s thermal load. This method was
simple, however, which made the result deviated practical situation greatly. To accurately calculate the
heat load of the fermentation tank, it was advantageous to match the heating system with the fermentation
tank , and explore the optimal system configuration and operation strategy of the heating system in order to
reduce the energy consumption and cost. The hourly meteorological parameters of special meteorological
data set for analysis of thermal environment of building in China in the Shanghai area was used, based on
the analysis of physical and mathematical model of fermentation of biogas project, the hourly accumulation
of fermentation pool enclosure structure heat dissipation was calculated, and annual dynamic changes of
fermentation pool heat load was obtained, which can be used to guide the design of heating system of
fermentation tank. The essence of this method was to make steady algorithm time step shortened from a
month to 1 h, which enhanced the calculation precision obviously. Results showed that under the three
different conditions, the relative errors of heat load model and experimental measurement were
-5.98% , 3.93% and 5.39% , respectively. Thus, dynamic heat load model was of high precision,
and it was acceptable to be applied to guide engineering design and operation, avoid the long time
operation of the system under partial load, which had theoretical significance and reference value for the
design and operation of biogas engineering.
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Tab.1 Changes of temperature for raw material

from one biogas engineering in Shanghai C

H Ay BERHE Il g k8 45 2K 7 35 Bkl
1 6.3 5.4 4.5
2 7.8 4.8 6.3
3 10. 4 4.2 9.9
4 15.6 3.2 15.3
5 20. 4 2.1 20.7
6 23.0 1.5 24.3
7 24.4 1.2 27.5
8 24.6 1.1 27.0
9 23.5 1.4 24. 4
10 19. 8 2.1 18.9
11 14. 6 3.5 13.6
12 9.5 4.6 7.4
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Fig. 1 Annual change of dry bulb temperature in Shanghai
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Fig.2 Annual change of load rate of

fermentation tank in Shanghai
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Fig.3 Statistical chart of annual load rate in Shanghai
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Fig.6 Anaerobic fermentation experiment platform based

on solar energy heat pump heating
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Tab.2 Heating load of different fermentation’ s temperature on the day of experiment

2% K/ C
25 +1 30 +1 351
-1 R A5 U/ °C 14.08 15.62 17.91
- g3 N IR B2/ °C 24.99 30.78 35.37
HERHR B/ C 16.2 15.3 15.0

B AT/ MICH 23 H /% )
PB4 BB AR i/ MT (T 43 B/ % )
BT/ M

27.69(28.55)
69.3(71.45)
96.99

48.76(32.73) 64.17(34.74)
100. 23 (67.27) 120. 54(65.26)
148. 99 184.71
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Tl B 25 R B M S I 36 3 TR
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Tab.3 Envelope thermal parameters of digester

A (3) R (4) &5 & 3% 3 i Kt 15015 2
24 5 e R R S R SR T A PR IR A B, K
B 1t (B4 25 A 25 B A R B 2. 240 W/ (m* K)o

HOFEIRSHE) LXK IR S

B Bt AT, Ff X AR 4. 5°C, LUZ IR
BRSNS 2 TR B (W- (' K) ") 23.6 Dy 00 % S0 HE BB A (5) 7 ), 78 &
PRSI Z L/ (V- (k) 7 " RLBE 42 39 35 .30 25°C i, PR 47 45 e v T 0
REHH SRR (V- (mK) ™) 0-03 R4 8. 153 6. 816.5. 480 MJ
TR SR $/ (W= (m* - K) 7') 0.2
ZZN%“({L’V\]EE%?ﬁi&X??ﬁ{éﬂE%iﬁ/(W'(mz'K)") 1 000 EE:EE(Z)ﬂILi‘:B’ﬂW d E‘J%%ﬁﬁ?ﬁjﬂfﬁﬁﬂ
P T BE JELE /m 0. 005 X 3 d BB TR ANER 4 FR, A5 A0 (6) AT
T2 L BE /m 0.05 DI 3 d (WA E g, 40 0l RO s A5 3] 11 H
DU B /m 0. 003 9 H .11 A 14 HA 1L A 27 H 94 H B 45 4 A

*4 RBIRTEMATE
Tab.4 Statistics of hourly load rate under test conditions
25°C 30°C 35C
Tt %1

FRBE I/ C 0 % B/ B i R H R/ C B i %
09 .00 16. 12 0.433 17. 62 0. 486 19.12 0.521
10.00 16. 25 0. 427 18. 67 0. 444 21.41 0. 446
11.00 16. 15 0. 432 19.78 0. 401 22.88 0.397
12.00 16.22 0.428 19. 46 0.413 22.57 0. 407
13.00 16.22 0.428 19. 44 0.414 22.57 0. 407
14 .00 15. 89 0. 445 18.47 0. 452 22.51 0.410
15:00 15.79 0. 449 17. 86 0.476 21.75 0.434
16 :00 15.00 0. 488 16.76 0.519 20. 19 0.486
17.00 14.71 0.502 15. 86 0. 555 18.83 0.530
18.00 14. 42 0.516 15.23 0.579 18.02 0.557
19:00 14.31 0.521 14.90 0.592 17.34 0.579
20:00 14. 10 0.532 14. 66 0. 602 17.07 0. 588
21:00 13. 84 0. 544 13. 88 0. 632 16. 68 0. 601
22.00 13.09 0. 581 13.72 0. 638 16. 01 0. 623
23.00 12.70 0. 600 13. 66 0. 641 15. 48 0. 640
00:00 12. 54 0. 608 13.32 0. 654 15.18 0. 650
01.00 12. 44 0.613 13.29 0. 655 15.37 0. 644
02.00 12. 45 0.612 13.17 0. 660 15.57 0. 637
03.00 12.23 0. 623 13.25 0. 657 15.26 0. 647
04 .00 12. 38 0.616 12.97 0. 668 15.22 0. 648
05.00 12.53 0. 608 13.36 0. 653 15.19 0. 650
06:00 12.72 0.599 13.93 0. 630 14. 66 0. 667
07.00 12. 81 0.59% 14. 89 0.593 14. 83 0. 661
08:00 13.01 0. 585 16. 69 0.522 16. 19 0.617
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