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System
LIN Jing "
(Shanghai Chengtou Wastewater Treatment Co. , Lid. , Shanghai 201203, China)

Abstract Natural gas boilers are the key energy consuming equipment in municipal sludge drying systems. They are important targets
for energy saving, carbon reduction, cost reduction and efficiency enhancement in urban wastewater treatment plants( WWTPs). High
temperature-wastewater source heat pump ( HT-WSHP ) refrigeration and heating project has good economic benefits and carbon
neutrality effect. In order to achieve the synergistic efficiency goal of pollution and carbon reduction in WWTPs, this paper studied the
technical and economic feasibility of using HT-WSHP to replace natural gas boilers as heat sources for municipal sludge drying
systems. The results showed that water temperature of dual compressors HT-WSHP could be heated to 85~90 °C. On the premise of
ensuring the sludge drying effect, effluent temperature of the HT-WSHP was stable, the average heating coefficient performance ( COP)
indice of HT-WSHP was no less than 2. 6. After replacing one natural gas boiler with a HT-WSHP, the unit natural gas consumption
decreased by 65. 5%, and the unit energy cost decreased by 17.2%. The unit carbon emission intensity decreased by 18.2%, and
energy consumption intensity decreased by 7. 7%.
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Tab.1 Advantages and Disadvantages of Several Heat Sources
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Fig. 1 System Principle of HT-WSHP
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FA T AO+IR AL B T2, BET AL BRI Sy 20
T m’/d, K OGR4 TS K AL B )5 e HE R bR
HEY (GB 18918—2002) —&% A b, Hoh & A ik
IRF (s F KRB A ifE ) (GB 3838—2002) IV
IKARHE SR PRI A + R T2 TR AR5 %
IR 40% VAT, B A BN 38 1 DS/d,

15 IRARREZ T RGN 3 5 KR
(BB R R 2.8 MW, 1517 = 2 H 1
) o RERZHP B il 2 800 kW, K,
o N KR A HE TR 4300 A 2 800, 1 400,400 ~ 800
kW, &) BRHECR A 41 336 1 CO/a, RIRS D
JIE A i s HE A o 4T HE R 1Y 6. 4%, HLRE
FIFH 7= A 0 ) 2 B HE ik = 5 4 ) i HE R
42.2% 411 48. 6%,
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3.1 &FSH

HT-WSHP HLALW FEZESHUE 2 Fiw,

F2 HT-WSHP ML FESH
Tab.2 Main Parameters of HT-WSHP

& ZH Bl
E 2 S kW 1 690
2 SCHI B AT 5/ kW 588
CoP 2.57~2.87
R (k) W7/ dB <88
W/ (m’-h") 190
FE 14/ kPa 63
BOER DN200
RBEEE (oK) Fim/(m’-h7) 290
JEF 114/ kPa 65
BNER DN200
T KAE R TR/ C 20,15
PoKBUERE AR/ C 80.85
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Tab.3 Parameters at Each Stage of Single Output
Batch of DZG2000/800
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B
BB BB BER BB BR
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Pl T o0 AP e T OUM AT e T 0L, 3% 4
TEAFI TP T T ENTEARIEFT By
By A7 Eoe DL S IR

R4 KBrBOAETR
Tab.4 Heat Demand at Each Stage
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Fig.2 Heat Load Distribution in 24 Hours
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Tab.5 Load Rates of the Second HT-WSHP HT-WSHP [35 % %8 518 B 2 A % |- )& T4
i FER R/ P 5% (s KA AL Tl K K B
o o (GB/T 19923—2024) f7:3fE, % B ELWLH H0 K i
oot . VI AAFFRAHIK RGN T TR R, 4007 %
. 6.7 V5K KK BT, £ TK BLHE AR X bn gl SR an
100% 2.0 6 iR,
F6  AEKBAFREER
Tab. 6 Comparison Results of Different Water Qualities
b Eﬁﬁf f‘fgfﬂfiﬁa F K PRI bRk IR
pH {& 6.0~9.0 6.0~9.0 7.7
T EE/NTU <5 - 1.0
AR/ <20 <20 2
BOD;/(mg-L™") <10 <10 7.2
COD,/(mg-L™") <50 <50 28.0
FA/(mg- L") <5 <5 0.5
MA/(mg L) <15 <15 12.6
M/ (mg-L7) <0.5 <0.5 0.1
BF B F R W MR/ (mg - L7 <0.5 <0.5 0.1
f12E/ (mg-L7") <1 <1 <0.06
S/ (mg-L7") <350 <350 139
MAERE/ (mg-L7) <450 <450 262
SR E A (TDS) / (mg-L7") <1 000 <1500 394
AT/ (mg- L") <250 <400 138
WilREL/ (mg-L7") <250 <600 69.0
B/ (mg-L7") <0.3 <0.5 0.2
i/ (mg-L™") <0.1 <0.2 0. 084
TAAEE (mg- L) <30 <50 9.0
RIS/ (MPN-L™) <1 000 <1 000 130.0
MAE/ (mg L") 0.1~0.2 0.1~0.2 1.09
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Tab.7 Operation Solution
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5.2 &Nz
5.2.1 RIRAPFE

MU T, %5 KA 15 R TR AT KRR A
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BR—-BRRAWMYE, RITHEI R FRE, KR
SHFETRFE N 35.77 N-m®/(t Ds), [ lL FIET
65.5%.
5.2.2 {5 TAbREIR A

15 TR A R A TR A= (2) o

3
M= UP, (2)
i=1

U—"=F i FhRB IR AR, KRR (U,) JH

(U,) . #BE (U,) 5 HE AL 2 5 R
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P—55 i PRI AN, KRR (P,)

(Py) B BE (Py) B4 5002 23 5l A
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MO T, RAR I 4T RRIR SR Y 22% .,

AN S G KL KSR FUFE A5 U6 T A IR 5B
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PRI 8 FiR .
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Tab.8 Comparison of Unit Energy Consumption and

Cost before and after Reconstruction

i H R i Bt s W R
U/[N-m*-(tDs)™"] 103. 54 35.77 67.77
U,/[kW-h-(t Ds)™"] 0. 00 240.91 -240.91

Uy /[GI+ (1 Ds) '] 0.00 2.43 -2.43
M/[JG-(tDs) '] 462. 84 383.19 79. 65

T A UAS BT HLAH 5 8RR A SR
5.2.3  TREREDR

I A S V5 U AL ER T AR R B
BERESR L1784k, 430 HT-WSHP 1735 RERRResicR . e
HERCE R BEFER A= (3) 3X(4),

Cu = Ulcl + UZCZ (3)
E,=Uye, + U,e, (4)

Hop ¢, ——RHEHGRIE ;¢ CO,/(t Ds) ;

KRS HE A H T, ¢ CO,/(N -

m®) B H 0.002 165 t CO,/(N-m?) ;

B I HERCR -t CO,/ (kW +h) ;

BUE M 0.000 42 t CO,/(kW+h);

E, AEFESE L t ce/(t Ds)

FIRFTIT AR Rt ce/m’ 5 HL

{54 0.001 299 7 t ce/(N-m?) ;
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B U T A PR e HE O B R BR Y 18. 2%, RiE
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Tab.9  Analysis of Energy-Saving and Carbon Reduction Effects

JiH i iy iR FIT R
C./[1CO,-(1Ds) "] 0.22 0.18 0.04
E,/[tce-(tDs)™"] 0.13 0.12 0.01

AR IEAR R A9 T R IR A HE LI KoK
T K AR PR T AR R B 2 [ T O ) AR HE IR 3%

— 113 —



.

e il 15 K PR AE T B e+ R G B ]

Vol. 43, No. 11,2024

TR T K IR AT T FE Y L BE R A 0 i HE TR
Wbt TR, 15K IR I (14715 B 5 MR 35 4 19 31
P K. AM, HT-WSHP £ 45 45 4F M 5 /K 4tk
T HEB R K B BT A 77 g S 3.3 T G A
BT T 5 KA B AR R E YL 3.3 1 G,
6 FHiLS5EIL

HT-WSHP 1 T34 75 K A B )35 PRI 1 2L
S RGEHARTAT, A RIFMEHAE S5
RERARBRAIR, , V5 7K Ah B S B V5 A ik 3 ) 398 55k
MEEGZ —,

(1) V57K ARBR) KK R A8 e PR A T HT-
WSHP HLAL) COP AHXT 28 IR # I H 48 T 3 A
P,

(2) FIH HT-WSHP A5k Tk RE It B A
A BN AR DL A, MR8 4R FH SRS i L3R
753, A HT-WSHP AR 1 &5 KR b 19 05 =X
A T AL BB R A FE AR T 17. 2%, RUHA TR &R
Geh ] S ¥ e T A0 B T I T 2 4 n] AR YRR R
TREE

(3)HT-WSHP R %15 RERFF AR SR 8 3, X115
IRALBR) R R BTRCR N 1. 6%,

(4) BUAJE )BT38 0 T 38 1745 il 1 &2 A4 1k
3Bt LA 5 B0 A% B A R i T S5 R T2 A RERE DY
AL, W, 288 75 % RS 1ThE
FE REAL 2 DAL IS AT 4 SR I8 B 9 T ARAIK
RERLALAR I IE T T M

S 3 Hk
HUHE, AS, BEARE, 45 B RS T IS TR A B

BRI BT R [ T]. KK, 2021, 47(3) . 1-5.
DAI X H, ZHANG C, ZHANG L W, et al. Thoughts on the

—
—
[

development direction of sludge treatment and resource recovery

under the background of carbon neutrality [ J]. Water &
Wastewater Engineering, 2021, 47(3): 1-5.

[2] ZHOU W Z, LI J X. Sewage heat source pump system’s

application examples and prospect analysis in China [ C].

Purdue: International and Air Conditioning

Conference, 2004.
[ 3] SHEN C, JJIANGY Q, YAO Y, et al. Experimental performance

Refrigeration

evaluation of a novel dry-expansion evaporator with de-fouling
function in a wastewater source heat pump[ J]. Applied Energy,
2012, 95; 202-209. DOI:; 10. 1016/]. apenergy. 2012. 02. 030.
(4] FFuSoR, o0, FEIRE 45, SRAETS /K b B0 45 fi el i 5 B
ARG HEARGITT]. dokEA, 2023, 42(10) ; 16-27, 53.

— 114 —

[11]

[12]

[13]

QIHR, YINMS, TANC Z G, et al. Discussion on realization
path and technology of energy conservation and carbon reduction
in urban WWTP[J]. Water Purification Technology, 2023, 42
(10): 16-27, 53.

B TS K IR AAERORTE L3 117 XL TS5 K A B 1) RE T )
M. HokEAR, 2018, 37(sl) . 146-148.

LU Y. Calculation of energy-saving potential of applying sewage-
source heat pump technology for a sewage treatment plant in
Shanghai[ J]. Water Purification Technology, 2018, 37 (sl):
146-148.

g, M, &l KRR LR A E R AR TR UK R G
PRI, a7k HEK, 2023, 49(2) : 103-109.

YANG J, WANG T, QIAN L. Application of sewage source heat
pumping domestic hot water system of general hospital [ J].
Water & Wastewater Engineering, 2023, 49(2) ; 103-109.
XK, SRAE, WRARH, 4F. WA 5 KPR A s T &
GERIRIRRI NI )]. TR RSB, 2007(11) ; 5-
8.

LIU Z B, ZHANG Y, YAO W J, et al. The research on applying
the urban sewage as hot and cool source of heat pump air
conditioning system[ J].
2007(11) ; 5-8.
IR, XI—di, Fhish, S 5K IERE LM R L ST
EERISRIEATIE[J]. BHUIRE, 2023(9) : 48-54.

LIX Y, LIU Y C, ZHONG D K, et al. Optimal control strategy

Construction & Design for Engineering,

of a wastewater source heat pump heating system[ J]. Journal of
Building Energy Efficiency, 2023(9) ; 48-54.

FEJRTE. B A 5 /K IR IR R GE R B3 BOR R v
WFFE[D]. WAIREE: MR/RETALRY:, 2012.

ZHUANG Z Y. Clog-proof technique and heat exchange
characteristic research of the direct untreated sewage source pump
system[ D]. Harbin: Harbin Institute of Technology, 2012.
Wets, B, DR, . F2) KRR R
HaHT)]. WIREE T R==#4, 2006, 38(5) : 797~ 800.
YAO Y, ZHAO LY, MAZ L, et al. Simulation and analysis of
a sewage-source heat pump in one medicine factory[ J]. Journal
of Harbin Institute of Technology, 2006, 38(5) : 797-800.
e, MnE, SIRE. TR KEREREEFETH
PERESCIRATTE[ 1], AR, 2008, 26(2) : 100-103.
GONG Y, QU Y X, JIN Z J. Experimental study on the
performance of immerged sewage source heat pump systems in
summer [ J ]. Renewable
Resources, 2008, 26(2) : 100-103.

A VKRBT VERR S I R B [ )], #25%
THE, 2020, 48(9):29-35.

variable conditions in Energy

ZHENG R C. Experimental study and prediction of the annual
performance of sewage source heat pump[ J]. Journal of Building
Energy Efficiency, 2020, 48(9) :29-35.

JIN H. Parameter estimation based models of water source heat



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 11,2024
November 25th, 2024

[14]

pumps|[ D]. Oklahoma; Oklahoma State University, 2002.
X, XA, TR KPR T ol TR Ees e
BEE[)]. WEE2SIR, 2007, 37(3): 21-24.

LIU Y, LIU J X, DING G. Mathematical model of water source
heat pump units under variant working conditions[ J]. Heating

Ventilating & Air Conditioning, 2007, 37(3); 21-24.

[15]

SHEN C, JIANG Y, YAO Y, et al. An experimental comparison
of two heat exchangers used in wastewater source heat pump: A

novel dry-expansion  shell-and-ube  evaporator

Energy, 2012, 47(1) .

versus a
conventional immersed evaporator[ J].

600-608.

(L#EF 62 W)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

JINWJSGL, XUE S, WANG Z, et al. Changes of dissolved
organic matter and fluorescencent materials in municipal sewage
treatment processes [ J ]. Acta Scientiae Circumstantiae, 2014,
34(9) . 2298-2305.

RN, HURES, R, A SHETORSE A YO K B
EPFAE SR T AL EBRACR (1], gk HEK, 2012, 38
(10) ; 51-56.

GAOL J, DU E D, CUI X F, et. al. Three-dimensional
fluorescence combined with fluorescence area integration method
to evaluate the removal effect of organic matter in water treatment
plant[ J]. Water & Wastewater Engineering, 2012, 38 (10):
51-56.

HUGUET A, VACHER L, RELEXANS S, et al. Properties of
fluorescent dissolved organic matter in the Gironde Estuary[J].
Organic Geochemistry, 2009, 40(6) : 706-719.

ZSOLNAY A, BAIGAR E, JIMENEZ M, et al. Differentiating
with fluorescence spectroscopy the sources of dissolved organic
matter in soils subjected to drying[ J]. Chemosphere, 1999, 38
(1) 45-50.

HANSEN A M, KRAUS T E C, PELLERIN B A, et al. Optical
properties of dissolved organic matter ( DOM ). Effects of
biological and photolytic degradation [ J ]. Limnology and
Oceanography, 2016, 61(3) : 1015-1032.

AESCHBACHER M, GRAF C, SCHWARZENBACH R P, et
[T
Environmental Science & Technology, 2012, 46 (9) . 4916 -
4925.

ONNBY L, WALPEN N, SALHI E, et al. Two analytical

al.  Antioxidant properties of humic substances

approaches quantifying the electron donating capacities of

dissolved organic matter to monitor its oxidation during
chlorination and ozonation [ J ]. Water Research, 2018, 144,
677-689. DOI: 10. 1016/j. watres. 2018. 06. 060.

WANG W L, LEE M Y, DU Y, et al. Understanding the
influence of pre-ozonation on the formation of disinfection
byproducts and cytotoxicity during post-chlorination of natural
organic matter; UV absorbance and electron-donating-moiety of

molecular weight fractions[ J]. Environment International , 2021,

[18]

[19]

[20]

[21]

[22]

(23]

157 106793. DOI. 10. 1016/]. envint. 2021. 106793.

HE, KES, TEN, & 7 9il- O BRI =4Ot
WSSRBETE (1], il 56T, 2010, 30(6): 1549-
1554.

XIAO X, ZHANG Y J, WANG Z G, et al. Experimental studies
on three-dimensional fluorescence spectral of mineral oil in
ethanol[ J]. Spectroscopy and Spectral Analysis, 2010, 30(6) :
1549-1554.

WU Q Y, ZHOU T H, DU Y, et al. Characterizing the
molecular weight distribution of dissolved organic matter by
measuring the contents of electron-donating moieties, UV
intensity [ J ]. Environment
International, 2020, 137, 105570. DOI. 10.1016/j. envint.
2020. 105570.

SONG K, SHANG Y, WEN Z, et al. Characterization of CDOM

absorbance, and fluorescence

in saline and freshwater lakes across China using spectroscopic
analysis[ J]. Water Research, 2019, 150. 403 -417. DOI.
10. 1016/j. watres. 2018. 12. 004.

FERDS, B4, WA, . =TGRS X ARSI AR BT
1L B K A DOM 2 W BOR IR [T]. FREE TREBR %
i, 2015, 5(2): 114-120.

SUIZ N, ZHI E Q, YAO J, et al. Characterization of DOM
composition and origin using three-dimensional fluorescence
spectroscopy coupled with region integration method in Qixing
Wetland[ J]. Journal of Environmental Engineering Technology,
2015, 5(2): 114-12.

FABE. RWITRY b DOM 1 43 F 12 41 1R 6 13 24 45 A
(DI, HCHR: IR, 2014,

HU Q D. Composition and spectroscopy characteristics of
molecular weight fractions of dissolved organic matters in the
sediment from Taihu Lake, China [ D ].
Normal University, 2014.

ROUGE V, VON G U, ALLARD S. Efficiency of pre-oxidation

Chengdu; Sichuan

of natural organic matter for the mitigation of disinfection
byproducts: Electron donating capacity and UV absorbance as
surrogate parameters| J |. Water Research, 2020, 187 116418.
DOI:; 10. 1016/j. watres. 2020. 116418.

— 115 —



