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Optimization strategy for sewage heat extraction system based on
adaptive weight particle swarm
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Abstract: To address the issue of reduced biochemical reaction efficiency in wastewater treatment plants
located in frigid zones of China during winter, caused by excessively low temperatures of raw sewage, a
variable-frequency control strategy based on an adaptive weight particle swarm optimization (PSO)
algorithm was proposed. Using a wastewater treatment plant in a northeastern Chinese city as a prototype,
with the goal of lowest annual operating energy consumption of the system, the frequency of the sewage
pump on the heat source side was optimized for different raw sewage temperatures throughout the year.
Simulation runs comparing this system’s variable flow rate control scheme with constant flow rate control
scheme were conducted. The simulation results demonstrated the effectiveness of the proposed algorithm.
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Fig.1 Schematic diagram of the sewage heat pump

heat extraction circulation system
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Fig. 2 Computational procedure of adaptive weight

particle swarm optimization algorithm
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Fig.3 TRNSYS simulation of the sewage heat pump heat extraction circulation system
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Fig.5 Annual operating results for variable and

constant flow control systems

BFCRARAGRE B o 22 W 15 K 3 A A% (DL 1R 5(a)
S22k ) 1H 22 7E 50 Hz, 1 A8 3 8 75 7K 28 40 % (Il
& 5(a) W HELL ) 7E 25~50 Hz Ik 3 . [/ 5(b) A8
T V5 7K B T TS K R B A .
T T5 K R B R (LB 5(b) sz £R) 48 5 A 1%
FE{H 10 m®/h, 1 A8 9 & 15 7K 28 09 3 &2 (UL & 5(b)
L) 7E 6~10 m®/h a] 28 4k .

5 (c) 2y Wl 458 il R G2 2 4R B A7 75 K R
il B il 2 o b U 4R o R G K A
ot il LA X B (AR 43 B B (i 42 v
b)), PR G e T Y 4 B A B A A DL T K R
FHI R AE BRRE LR G e T it
5 AR U A S R G TR 4 S A R R T RE A b
LA ST 15 7K P T B i B AR I TS K Y
i R AR AT B AR A, 5 E T AR ] R GE AR
Fb % 2 Gt 6e AR R I A T K L B B R G R R
R o P R S A IR T

WES(d) R, 28 it it 45 1 3R 40 Re AR i 4
X R, AN A R AR TS KR E R, RA B 1T RERE
A5 AR B AN B R T T VS K SR ERRAE 50 Hz
R BRIB AT 1 R G0 R RE AR AE X K P A e 5 AR
Tt 1 ] R G5 RE A 4 B AR I TS K IR R
it = AR AT AR A, 25 T 7K S A 3 A £ BRI
2R G R AR RE FE I 2 W AIC, R B s A2 O i A 1 R
SifemRe ML L (19) IR A AR E
TR EH N R e B FERE N 187 880. 39 kWh,
AR RS A BAERE N 150 453. 57 kWh,
A RS E R R REZ 19. 9200,

R SCHE TG K IR SR ARG IR R AT, B PR
) R KA L A W O 56 ek O A R T
TR DI A B3 32 06 ¥ 7K R 4R R B 2R 49 St 7 I
Pl AL T AR R o 2 A Al RO b TS K R
JEPRFFAE 15 "CR AR Jid i 5 ) 2R S8 A9 REAE HLSE T
i RGREARLY 19. 9200, fF HAREUE T H
T AR R DA S 1 A R . AR SO R AR
SR T ZUORARE X — B I RE TR, 1] FE A &
Z 3l i 5 7K Ak B AR T K BAGEE BTG 26 AR g TR
JO7 FH R A3 B A

SE WK

(1] HES, FhHE, Edkig, 5. EREX A20 T



K5

% 9 4 #

MLF AT AERAELT AN T KRR R LA K%

3055

(2]

[3]

[4]

[5]

(6]

o A A I 5 K Ak A Y AL RE S R LT]. g VR
5, 2023, 39(9): 45-47.

Xiao Yu-di, Tang Zhan-pu, Pan Ji-yang, et al. A
brief analysis of the impact of temperature on the effi-
ciency of the integrated A20 process for domestic
wastewater treatment equipment[J]. Cleaning World,
2023, 39(9): 45-47.

WA, U, WUBR IR IR B X AR W IR — I R T R
B LA AR P KA Ak B AR R A s [T ] ok BOR
2016, 35(2): 21-25.

Tan Jie, Dong Bin, Dai Xiao—hu. Effects of tempera-
ture on nitrification characteristics and nitrifying bacte-
rial populations in the biofilm—autotrophic sludge com-
bined process[J].
2016, 35(2): 21-25.
B, XUORME, B, . RIRAMT AO L4 4E
2R W i A B AR b R AR 0 35 AR D], ok R
2020, 39(9): 98-104.

LiNa, Liu Lai-sheng, Yang Ping, et al. Experimen-

Water Purification Technology,

tal study on the treatment of domestic wastewater by
AQO process combined with microbial enhancement
technology under low temperature conditions[J]. Wa-
ter Purification Technology, 2020, 39(9): 98-104.

e SN AT 3 S N T @R L VDO N T2 TR
WL AT, 2023, 50(14):135-136, 164.

Zhao Yu-hua.

municipal wastewater treatment under low-tempera-

Discussion on technical measures for
ture conditions[J]. Guangdong Chemical Industry,
2023, 50(14): 135-136, 164.

BEA, FERE, SR AT IE X b R A
ARBIBFFELT]. RIETLN—RBR 224, 2010, 22(6):
23-26.

Zhao Ya-jie, Wang Li-ming, Guo Zhi—jiang. Re-
search on heat enhancement technology of biogas
ponds in cold regions[J]. Journal of Heilongjiang Bayi
Agricultural University, 2010, 22(6): 23-26.

LT ARG K IR A TG K T R 0 b A Al b
i b [T B RH S M, 2021, 11(14):
167-169.

[8]

[9]

[10]

[11]

[12]

Wang Qiao-xia. Application of low-temperature
wastewater source heat pump in heating of wastewa-
ter treatment plants and temperature increase of bio-
chemical tanks[J]. Innovation Science and Technolo-
gy Application, 2021, 11(14): 167-169.

M . TEVS DX B0 K B IR Ve U R D) A
ARIF%, 2021, 48(11): 22-24.

Lin Bo. Design scheme for heating municipal sewage
in cold regions[J]. Construction Technology Develop-
ment, 2021, 48(11): 22-24.

Shen B H, LiD G, Qian F, et al. Optimal design and
simulation for the intelligent control of sewage treat-
ment based on multi-objective particle swarm optimi-
zation[J]. Applied Sciences, 2023, 13(2): 735-746.
SuB Q, Lin, Y T, Wang J, et al. Sewage treatment
system for improving energy efficiency based on parti-
cle swarm optimization algorithm[J]. Energy Reports,
2022, 8:8701-8708.

Kinab E, Marchio D, Riviere P, et al. Reversible
heat pump model for seasonal performance optimiza-
tion[J]. Energy and Buildings, 2010, 42(12): 2269~
2280.

Bernier M A, Bourret B. Pumping energy and vari-
able frequency drives[J]. ASHRAE Journal, 1999, 41
(12): 37-40.

bk, BE A, BoR . TP RGP ARG
Resr BT[], MR A, 2002, 32(1): 59-61.

Di Hong—fa, Li Ji-sheng, Dai Bin-wen. Analysis on
energy saving of variable speed pconps in on open sys-
tem[J].
2002, 32(1): 59-61.

RERED, Bt i, Pl B S g M b
AU E AR L, 2008,

XA ORI B 1 A R R B B B ERE 5E (D .
Kb R RSB B S TR B, 2009.

Liu Jian—hua. Basic theory of particle swarm optimiza-
Changsha:
School of Information Science and Engineering, Cen-

tral South University, 2009.

Heating Ventilating &. Air Conditioning,

tion and its improvement research[D].



