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Abstract: Currently, wastewater treatment plants predominantly use biological processes to degrade
and remove pollutants. These processes consume energy, hinder resource recovery, and generate
substantial greenhouse gas emissions. To address these issues, we developed a fully materialized

process that couples the fluidized pellet bed (FPB) with the flow-electrode capacitive deionization

(FCDI) system. This process separates pollutants from wastewater rather than degrading them, resulting
in good effluent quality and reduced carbon emissions from the wastewater treatment process. It also
allows the separated high concentration of pollutants to be used for carbon and nitrogen resource

recovery. The results showed that the removal rates of chemical oxygen demand (COD) and total

phosphorus (TP) in the FPB system were 70.71% and 84.64%, respectively. The removal rate of
ammonia nitrogen (NH;-N) in the FCDI system was 98.50%. The final effluent concentrations of COD,

TP, and NH;-N in the FPB-FCDI coupled process system were (13.43 + 1.24), (0.16 + 0.03), and
(0.29 £ 0.08) mg/L, respectively, meeting Class IV surface water quality standards in China.

Additionally, the FPB system effectively removed most non-dissolved or colloidal COD particles
(0.45 - 6.00 um). This reduced the potential impact of this COD on the downstream FCDI system.
Consequently, this resulted in an enhancement of the nitrogen removal current efficiency in the FCDI
system from 15.33% to 17.33% and a decrease in specific energy from 11.65 (kW-h)/kg to 10.31
(kW-h)/kg, demonstrating the full potential of the synergistic effects of the FPB-FCDI coupled process.
In addition, the process exhibited a low-carbon characteristics, with the operational procedure capable
of reducing greenhouse gas production and recovering potential resources, thereby facilitating the
decarbonization. The energy utilization in the process was converted to carbon emissions, amounting to
0.42 kg CO,/m’, which was 53.83% of that in traditional biological treatment process. It is estimated
that a further reduction of 0.19 kg CO,/m’ could be achieved by recovering electricity from the
separated carbon sources of the FPB system using anaerobic digestion. The operating cost of the FPB-
FCDI coupled process system was 0.42 RMB/m’, which was only one-quarter to one-half of the
operating cost of the traditional domestic wastewater treatment process. Therefore, the study explores a
novel low-carbon and high-efficiency wastewater treatment technology, providing a new approach for
developing the next-generation of green, high-efficiency, and low-carbon wastewater treatment

processes.

Keywords: Fluidized pellet bed; Flow-electrode capacitive deionization; Municipal wastewater;

Synergistic effect; Low-carbon
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Fig.1 Schematic diagram of FPB-FCDI coupled system

1.2 FCDI ZEFIEITSH

FCDI R4 A ML AR . A1 A5 F i . FF/BH
B 2 RN 7 T SR R AL (B 1) o BB
vy FEL PR AR 27 T AR R At JF A7 s i W
HL A Y F T e 5 SR BNV R A BEFE 12 bl
2, BAARF N 100 mL., FCDI fiz 173 80k R4
SegrmiE"", LA TR BN 0.55%, W6k R
AT ECN 5.00%, HE 7K I TR HL AR IO 43 0l A
20 mL/min F1 25 mL/min, B KN 1.2 V. ARBF5E
H1 FCDI B34 7 e 2544 N 2647 o
1.3 EIEE

A 5T R LR 5256, 4351 B FPB. FCDI,

FPB-FCDI #i& T2 FTT Bi5 /K . ¥ FPB & 4L
HA 7K 28 33 8 4% R A 3, [0 M K AR OAS TR R A2
COD J5 H FCDI &Gt Ab 3, 256 FH /K R v 22 535

KT SZBRE K, AR RE A T2 A 3 K K 5
IV K HERC bR #E, B FCDI 4L B E] 5 90 min.,
14 WHHERETE
R FEBRHE IR (E,) T AT
E,=fxW (1)
2 £ S B AR B HE B &, kg COY/(KW-h),
R T HUE 0.892 kg CO,/(kKW-h); W Ayiz 17 i 72
FTIHAERY i, kKW h,
LRI (E) TR AT
E.=>" fixM, (2)
AP f o 5 R AL A 24 500 0 B HE R ke
CO,/kg, A5 PAM Bk HE % Kl + 4 1.50 kg CO,/
kg, PAC W8 HE LK T4 1.62 kg COykg, HoAth 24
FIBRHEL R F M 1.60 kg CO,/kg; M, J 45 i Fpfk2#



176 - g I

A

539 B8 14

R I FE L, kg i MALFARIF AT m ik
1.5 SHTIEERRRN T &

LK Ji $8 47 (COD, NH;-N, TN fl TP) %
HECK R ARSI 4387 75 125 ) (55 4 JB0) AT I 22
fifi 1 5 Sl AL (WGZ-20s, b ITEmAX 2 A A
BN D) M5 % . (i F-7000 %8 5650 Y66 1t
(H 7, HA) XRS50 6IE R

2 GEREIE

2.1 ARIEZEXTAHLERR

S FRGTAN[F) T 25 A BT U5 7K 1 R A, 6
AN T LG KB EAT 00T . ANF T 2105
IKAL PRI UL 1, FPB %t COD., TP FIjh ¥ 14 2<%

RAGHR 70.71%. 84.64% i 96.41%, {H X NH; -N
(% 25 B 3R ALK 11.68%. FCDI X} COD Ml NH; -N
(1) 25 R3O LT FPB, L BR R 4358 84.07% i
93.69%, {117k COD. NH;-N ¥ Ji 73 5 K (35.13 +
3.28) mg/L, (1.67 £0.04) mg/L, {HX} TP Y2 Bk
RORA PR, HHE N (0.54 £ 0.03) mg/L, A REILF
OB T 7K A 38 ) 05 G W HE JOhR 1 ) — 9% A b
. FPB-FCDI {7k COD. NH]-N. TP #¢ Ji 73 5
(1343 £1.24)(0.29 £ 0.08) (0.16 = 0.03) mg/L,
FBRFRIT NN 93.91%. 98.90%. 94.29%, i T (b
FORIAEE T pn i ) IV 26451, 32 W] FPB-FCDI &
A LT Y R BRROR . X AT g #E FCDI
RYCHIH N FPB R&E, FEIR T xR Gtk h COD
FTP (s, INTTTEE = T R G0 KR

x1 ARIZXWTEMHERLR

Table 1 Pollutant removal performance in different treatment processes

s COD/(mg-L™) NH;-N/(mg'L™") TP/(mg'L") E/NTU
15K 220.56 +5.98 26.46 +0.04 2.80+0.04 175.45 £4.90
57K-FPB 64.61+3.97 23.37+0.15 0.43 +0.04 6.30 £ 0.90
15/K-FCDI 35.13+3.28 1.67 £ 0.04 0.54 +0.03 —
5 7K-FPB-FCDI 13.43+1.24 0.29 + 0.08 0.16 £ 0.03 —
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Table 2 Nitrogen removal performance of FCDI system with different treatment processes

HKH ANRR/(mg'm **min”") FL A I B/ (mg-g ) PRTRBERE/((KW-h)-m ) R %
57K-FCDI 7.43 0.31 93.68
57K -FPB-FCDI 6.96 0.30 98.90
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Fig.3 Three-dimensional fluorescence spectra of influent and effluent of FCDI system
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