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Abstract: Deep bed denitrification filter (downflow) is widely used in advanced nitrogen removal
of wastewater due to its simple operation and high nitrogen removal efficiency. However, this process
requires additional carbon sources, which will increase energy consumption and carbon emissions.
Hydrogen based membrane biofilm reactor (MBfR) is an emerging wastewater treatment technology, which
has drawn worldwide attention due to its advantages of low energy consumption, low carbon emission and
high nitrogen removal efficiency. To further evaluate the application potential of MBfR in advanced
nitrogen removal of wastewater, the life cycle assessment (LCA) method was used to simulate and evaluate
the performances of the two advanced nitrogen removal processes, and the energy consumption and carbon
emissions of the two processes were analyzed. Compared with the deep bed denitrification filter, the MBfR
reduced energy consumption by 43% and CO, emission by approximately 47%, which had less impact on

the environment under the condition of achieving the same treatment performance. It has obvious
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advantages in advanced nitrogen removal of the effluent from the secondary treatment process, which

provides a new idea for promoting the upgrading and reconstruction of wastewater treatment plants and

realizing the goal of carbon neutralization in wastewater treatment.
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Fig.1 Carbon emission status of wastewater treatment

industry in China
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Fig.2 Principle of MBfR
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Fig.5 System boundary of deep bed denitrification filter
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Fig.6 System boundary of MBfR
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Tab.3 Results of life cycle assessment kg
i H GWP AP EP HTP POCP MAETP | FAETP ODP TETP
TRIR S A b 274 0.51 21 10.8 0.05 11200 0.17 9.42x107" 3.59
MBIR 145 0.32 21 10.2 0.05 10 100 1.27 6.31x107" 0.31
3.4 HERHWR 4 %3

i 3 7 B Hr T LAk B, MBIR T 20 M HE TR R
S AEALE I T 2 REREIR > T 2 43% , I HIR IR il
fe it T 2075 ZBANR I R IR, V5 e r=
G ¥ W5 e 3 5 o % LA A TR DT A 455 A AR 2
TR, bR s TR P24 1x10° m* V5 K g
HEL i — 2% A bR 4R T A e IV bR TR IR S Ak
JE T 25457 AR 24 274 kg 1 CO,, 1] MBIR T. 25 H ™
12 245 145 kg 119 CO,, MBIR T. 250 LE I AR S 4 ik vt
T2 COHER B> T 25 47% ., [k iR A
R LE R E RS R A2 THFE RS
BEPEAE 7T, MBFR AH B IR PR 2 A Ak 308 sl %o 3 355 1)
AUV

TEWR TAITE 50F 15 K AL 1 7 £ A e i 1Y [
F 7 122 7% 18 B 16 T 25 X BR B A0 52 M, DA T 3 6 o
B B RS E . R4 AW 5245 5, MBIR 1
PB4 T2 AR B AR, B
TEREAE HHE I RN P58 52 1 4507 1T HE IR R S Al Ak
P LA B AR TS KR A R A R
I 7, TR ) i I SR R R B R B R g
T ETEAR KRS HA S SR, MBR T. 278 58
R 114 T B 7K Ak BN Hh s ok 58 A i . ARk I
FE MBFR 22 (1 it AE W B ] B AT 45 R i
A 55 5 AT S R A B AIF 5 R S B o AR 2R, 4 L

« 02 .



www. cnww 1985. com

F WL, % A T LCA %9 MBIR 75 K8 2 Bt 20 A #% h 4 %3945 %34

R4 T 2 PR T AR LB ) 3305 2k

QbR AT H AR o
S HL:
[ 1] (B S i85 . 2020 4E0 £ @R G iHEX [ M.

[3]

[4]

JE5T i EGE R, 2020.

Ministry of Housing and Urban-Rural Development.
Statistical Yearbook of Urban and Rural Construction in
2020 [M]. Beijing: China Statistics Press, 2020 (in
Chinese).

ARG R . PEETFLEIM] JEat: P ES
Jitkt:, 2020.

National Bureau of Statistics. China Statistical Yearbook
[M]. Beijing: China Statistics Press, 2020 (in
Chinese).

SO, w7, &L AL BT K A B
N PR B B g L) E A K HEK, 2020, 36
(22): 100-105.

LI Wenming, GAO Min, ZHOU Jun, et al. Application
survey and design points of the denitrification filter in
wastewater treatment process [J]. China Water &
Wastewater, 2020, 36(22): 100-105 (in Chinese).
RITTMANN B E. Biofilms, active substrata, and me
[J]. Water Research, 2018, 132: 135-145.

A8, B75, B BRA Y BREAE KT Y da
L BRI I BB SR ()], A4, 2020,
47(10): 3287-3304.

LU Panlong, LI Ziyan, ZHAO Heping. Advances in
water pollution control and resource recovery by
membrane-supported biofilm reactor [J]. Microbiology
China, 2020, 47(10): 3287-3304 (in Chinese).

LV P L, SHI L. D, DONG Q Y, et al. How nitrate
affects perchlorate reduction in a methane-based biofilm
batch reactor [J]. Water Research, 2020, 171:
115397.

ZHAO H P, ILHAN Z E, ONTIVEROS-VALENCIA A,
et al. Effects of multiple electron acceptors on microbial
interactions in a hydrogen-based  biofilm [J].
Environmental Science & Technology, 2013, 47 (13) :
7396-7403.

ZHAO H P, ONTIVEROS-VALENCIA A, TANG Y N,
et al. Using a two-stage hydrogen-based membrane
biofilm reactor (MBfR) to achieve complete perchlorate

reduction in the presence of nitrate and sulfate (1]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Environmental Science & Technology, 2013, 47 (3) .
1565-1572.

TANG Y N, ZIV-EL M, ZHOU C, et al. Bioreduction
of nmitrate in groundwater wusing a pilot-scale
hydrogen-based membrane biofilm reactor[J]. Frontiers
of Environmental Science & Engineering in China,
2010, 4(3): 280-285.

LAM K L, L. ZLATANOVIC L, VAN DER HOEK J P.
Life cycle assessment of nutrient recycling from
wastewater: a critical review [J]. Water Research,
2020, 173: 115519.

UK. 5K AL BT AR REFE LA S PR AL i A i 3
PEOTID ). P4 PR FIRHER Y, 2010.

CAO Bing. Life Cycle Assessment in Energy Costs and
Environmental Benefits of Wastewater Treatment Project
[D]. Xi’ an: Xi” an University of Architecture and
Technology, 2010 (in Chinese).

COROMINAS L, BYRNE D M, GUEST J S, et al. The
application of life cycle assessment (LCA) to wastewater
treatment: a best practice guide and critical review [1].
Water Research, 2020, 184: 116058.

LEE K C, RITTMANN B E. Applying a novel
autohydrogenotrophic hollow-fiber membrane biofilm
reactor for denitrification of drinking water [J]. Water
Research, 2002, 36(8): 2040-2052.

RITTMANN B E, MCCARTY P L. 3Ei AW HA 5
HERHIM] SCmte, Ede, 3%, Jbat: R
HiRA, 2012 432.

RITTMANN B E, MCCARTY P L. Environmental
Biotechnology: Principles and Application [M]. WEN
Xianghua, WANG Jianlong, translated. Beijing:
Tsinghua University Press, 2012: 432 (in Chinese).
By, BEEm . A PR 5 iR A R O He A b
(D). BRI R, 2008, 36(32) : 13923-13925,
14049.

DUAN Ning, CHENG Shenggao. Outline and contrast
analysis of life cycle assessment methodologies [J].
Journal of Anhui Agricultural Sciences, 2008, 36(32):
13923-13925, 14049 (in Chinese).

- 03 .

EZRN 4 FI1997- ), 2, WAL HBEE A, A -
FELE ST ) R T KA S A A R VEAR
E-mail: zfniu@zju.edu.cn
W#s HH#3:2021-05-31
&2 H #:2021-06-29
(i XI5 )



