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Abstract As a vital part of the wastewater treatment industry, rural domestic wastewater treatment holds
substantial potential for emission reduction. However, there has been little research on carbon footprint accounting
in rural domestic wastewater treatment processes. Therefore, accounting for the carbon footprint of these processes
is crucial. An emission inventory based on life cycle assessment (LCA) was compiled, and carbon footprint
accounting for four typical rural domestic wastewater treatment technologies was conducted based on this inventory.
The results indicated that the carbon footprint of the Anaerobic-oxic process (AO) was 1.635 kg/m? (in terms of
CO,-eq, applies throughout the text), the membrane bio-reactor process (MBR) was 2.140 kg/m?, the biological
aerated filter (BAF) + constructed wetland (CW) process was 0.814 kg/m?, and the Oxygenating tank (OT) + CW

process was 1.060 kg/m®. The factors influencing the carbon footprint ranked by impact were electricity
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consumption (45.70%-64.61%), direct greenhouse gas emissions (20.02%-29.73%), chemical/material consumption
(6.93%-16.70%), sludge treatment and disposal (5.53%-9.99%), and effluent discharge (2.01%-5.98%). Under the
"dual carbon" strategy, BAF+CW process emerged as a relatively ideal rural domestic wastewater treatment process.

The results of carbon emissions per unit of pollutant and sensitivity analysis showed that reducing electricity

consumption was identified as the primary approach to lowering the carbon footprint. This study could provide a

theoretical basis for selecting rural domestic wastewater treatment processes under the "dual carbon" strategy.

Key words rural domestic sewage; treatment process; carbon footprint accounting; life cycle assessment(LCA);

carbon emission per unit of pollutant
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Processes of four typical rural domestic wastewater treatment technologies
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Table 1 Main operating parameters and units for greenhouse gas production of four typical treatment processes for
rural domestic sewage (with processing capacity of 30 m*/d)
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Fig.2 Pollutant variation along the pathway of four typical rural domestic sewage treatment processes
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Table 2 Emission sources and greenhouse gas types throughout the life cycle of rural domestic sewage treatment processes
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R B i, AR R 5

1.2.2.2 YRS BERERKIS

[ 22 B HE Tl — e R FHHE AR 711138, AR5
R K B IR) R HE R E A AE L T Wk, 25T
FEI= A BRHERL, TR

Eco, = ADXEF 6)
X H1: Eco, i CO, HEfilt i, kg/m®; AD R 7, #1kHH
i, kg/m® 5 kW-h/m®; EF i HERC R -, BUE AT
I P S IR A 149 €2019 A BE Bl HETR H A [ X
35 F P S E LR HE R R ) &2 Simapro Ecoinvent3 45
JZE% 4 (http://simapro.com) .
1.2.2.3  {5UekbEyE

ARHFFE 4 Fh T 275 IR A B =R 8 5 25K
ARFR TR, HL 7= A 0 i HE i 32 B A 455 P R
1)75 8 75 8 iz iy 28 75 7K A R 5 A rp s A 1 9%
TEIERE . R SCHE ORI 5 0 55 0 o T A R 1 ik
HEHG 2) 75 VK SRR REFE . PURHEFE ™A 1 E] 4
BHERI, TR R IR 1.2.2.2 75,
1.2.2.4  JR/KHERGE #

FEAKHEA SR AR I 53 A 4t B o g HE A K
1A, W 5% 3% W1 32 90 2 7K K MR B Bk HIE i e v TR A2
YRR IR AT, WO 4 B TS AR RO AR A
[ N,O Fl CH, #114%5:, Hrh CH, HEBOZ 5

CEScy, = COD,, X By X Gy, X 107 D
X H: CESen, WEE/K CH, HEJiL i, kg/m’; COD,, A
K B COD, mg/L; B, CH fE ik K 7, & %
IPCC #EFE(E, B 0.028 kg/kg.

N,O HEZ A AN

CESyx,0 = TN, X By X G0 X 107 x44/28  (8)
1 CESy,0 MK N,O HHERL AL, kg/m®; TN, A
KT TN ¥ B, mg/L; ByA N,O W HEi I 7, &%
IPCC #EF#{H, HX 0.005 kg/kg.

1.2.3  BRETTZE

e JE 0 A S S el ST B A A A AR
SKIE A HEBCR SR S RERE . WIFE . V5 V52
g4 s A 2 Simapro9.3 4, % A1 IPCC 2021
GWP100 [ PEH 5 5 Al Ecoinvent3 K45 128 fix 2 i H
AT LML

Simapro A4 iy il BHBCHE e v B & T 4 Fh ikl
R it i A i TR A 2, A4 AR, 2B 7
T, i B iR RN g AL B G B G PR BT R i 4L
it o ARHEE A PR R 25 24 B, B2 B
R B 5 220 I ) A A R

3 28 53 A R A A A J A P A B B, AL R
RHZER, A= SR L A TS e A it
T o () 0 DA R e 2 1 05 3 A B, AR iy A 1 540
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F15%

FVN B BRI, 1125 B B ik A2 38

Ph MBR T. 275K Ab Bt #2 i /9 N,O A, 15
KAk AR N,O B R E AR 4 (D3R
0.000 84 kg/m*, i IPCC 2021 GWP100 PFA 7732,
N,O i) GWP100 fE.(5 1t N,O £ 100 4[] RUEE I
(3R 2 RO A X 1 CO, YA B 272.6, Hi 5546
THEASF XL A8k L3R 0.229 kg/m* (LA CO, 245
), AN PE 07 H D T AR L A A L R 5
HERCE 2l P A AE NLO BYHERL, il Z el iR 15
75, Simapro i Ay ) N,O X — 4330 7= Az 1) B 2
PECAEFE 1 m’® V57K A BRSO iy 0.262 kg/m’
1.2.4 255500

FEAAFIR LWL R 2 S5, X A5 ATVl | iR
FLEE, IR, A s K Ak #ie
YRS
1.3 SRS IR ERBREERITE A %

TEAS Bk /2 AL A4 R, AT 3 Ao R 53
F VA [ DR X D HE R i s ELMARA : Bl
FERHE STk T 1A S E(£10% FU), HAthZ
BORAS, BRI AR 2 8, AR Bk L 30 ) AR A AR
JE . BARHBURRBCRFRIR:

AE;
AS, = b, 9

e AS, AHURREG AE, RS i FH T2,
B S AR AR AR B, %05 AP, WA i Bl T A AR fL AR
BE, %o SRNG5S, R AS, BT, #
W I BUBAR BE 73O 4 DA AS,=>1.00, 3RS
I AS, 4b T 0.20~1.00, 2 UK AS, 4k F 0.05~
0.20, KU AS, 40T 0~0.05, S AR

AN, FIATE Gy Hemie ik (K BR B TS G e
P AE RIS N FRAR, DI U [R5 K Ab 3T 2
FIRRR AL BRALRERY . HA T AT

SE = E/Ry5 5 X 10° (10)

e SE Jy bk HE ik, keg/kg(LA 25 R B kg COD,
TN, TP, NH,-N =4 ) CO, Y11 ); E MR i,
kg/m’(Lh CO, M1t 11); Ry gy 15 PR BE, mg/L

2 HR5itE

21 ARIZEEGEBBRSN

RS LT 15 K AL BT 20 4 2R i JR 4 A 4
B, 1847 RS 3 A B, A BRI ORI R FE B
T A PR ML/ il Z s AT, s A7 B BUa % i
IKALBE 5 YR Ab B Ak s KR L L P 35
Je Bz iy O 5 7K Ak BBt 22 95 7K b BT J2 T3 7K
AP A5 E BB ) o TH KA B R R K HETR

2 ANERY B A R A AU R, ATARYE 1.2
A SRR s 15K AR, 5 ezt . T lest B
P i TREVRIMAE . YRR FELL S 25 W 5, 7= A
— 7 WY 18] 4 B A, O T AR THRD, R AR B A
Simapro x4 Hh 255 .
2.1 EEHEE

3L 1l A A B HE RO S KL
T PR S R B A T 122007
b S B 3 il 2 MR B R K HE O B
AR (7) R (8) A B /Y 4 Fh TZH CH,.
N,O HF i

R3I AMIZEESEEEEMSRKHHFASH
Table 3 Inventory of direct greenhouse gas

emissions and tail water emissions of four

processes kg/m’
— T A R K HECE
enM T en, N,0 Co, CH, N,0

AO 6.47x107° 8.30x10°* 0 9.60x10°* 1.18x107*
MBR  4.48x107° 8.40x10* 1.61x102 7.90x10* 7.20x10°
BAF+CW 4.11x10° 4.40x107* 0 1.01x107° 8.90x10°°

OT+CW  3.70x107° 3.70x10°* 0 1.02x10° 1.21x107*

2.1.2  [RHEHEROE

T4, EKSILB TR, 259 . YR 5 e
AhPE A EE R, DREUR . 9. WRHE H: AO,
MBR., BAF+CW, OT+CW H ] H ¥ 43 5] &y 0.81.
1.06. 0.35. 0.64 kW-h/m®, AO T. 25 JIF i #E () [ s v
JETEE 1A 1 ¥, #FE 5N 0.082 kg/m®, MBR T.2;
FEBRBEb A PAC SE4T 259 bR, 78 S 03t o
N B BEAE iR, T FE 49 h 0.067 A1 0.110
kg/m®, [ (9 JIERE A6} 19 451 RE T B2 B 5 4, kR =
47 0.021 kg/m®, BAF+CW T 25 T YRS #E M ik Tt
r BT R B B 4, BURE B 43 ) R 0.720 FT0.910
kg/m’, OT+CW T Bk A7 FIRD 11 58 46 35 B 1) 0 A6k
FERESr9°M 0.960 1 0.840 kg/m®, 2)75 e b | 4b
B AL Vo e A P R R IE R K A AR R RE L
LI 98% 5 7K HT5 e A5 e ithizs iy 157K
AEFET T A Rl HE AR . AR T T i T A
by 7K A BT RBP4 A, Ak 3 T e A g
FE M 3.22 kW h, 254K #EH 15.00 kg CaO. 5.80 kg
FeCly; 15 U4 EALFE 15 I AEHE LU ICKG 60% 7K %15
Ve TG 7K Ab BT 32 By 246 B e b a5 BT 77 2 e HE
B, Hed s P A B = A 1 B HE AT LASR ] Simapro
Ecoinvent3 %4 i W i3 Je 75 e B 18 o i A 55 LL g
)5 T e P BRI . R RO, KT B
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Pk A Simapro, FRAKE LY A ) 5T 44 B A BB

PEESHE, A St O s A2

22 ARIZHREBIZELER
RKHIET LCA AR B AZ %, LA 2.1 T iH 5

R4 4TI ZEKAEEF/ Y /IRIEFEER

ST al SR o SERE, 36 IPCC 2021 GWP100 P4
i, B Ecoinvent3 0 ¥5 )&, {# A Simapro9.3 i
ATl LR AIAZ SR . A5 BN [F) T 20 AL b i B N3k 6
F7R o

Table 4 Inventory of energy/drugs/materials consumption in the sewage treatment for four processes
REVRTHAE Zi)IHAE YrkHFE
et el T FERE/ (KW h/m?) Fm AR (kg/m?) el YR FE i/ (kg/m®)
AO H 0.81 W& 0.082
MBR GV 1.06 PAC/HI% 0.067/0.110 HEEAA R 0.021
BAF+CW CEWJ] 0.35 B s /A 0.720/0.910
OT+CW W] 0.64 BRI/ 0.960/0.840
"5 AMIZTRAE LEFR
Table 5 Inventory of sludge treatment and disposal for four processes
TS URALFE TERALE
TEAR iy Caﬁ(ﬁf? Fefllﬁnﬁ%/ a0 gk 0 e
AO 1.47x10° 6.84x107 2.65x1072 4.56 228 0.228 114 0.166
MBR 1.06x107* 4.95x107 1.91x107 3.30 16.5 0.165 8250 0.120
BAF+CW 3.93x10°° 1.83x107? 7.08x107 1.22 610.0 0.061 3050 0.044
OT+CW 6.99x107° 3.26x107 1.26x107* 2.17 10.9 0.109 9500 0.079
F6 4MIZHEITHFR
Table 6 Inventory of carbon footprint of four processes
AOTZ MBRT Z BAF+CW T2 OT+CWT. 2
AR “(F fﬂsif/ 5 H/% “(F Eﬁf/ 7 1% H(F Zﬁ%{% 1% ﬁf Zfﬁ W H%
HL T THFE 0.862 52.7 1.130 52.8 0.372 45.7 0.681 64.2
THARALBE ZRNERE 0.113 6.9 0.397 18.6 0.112 13.8 0.023 2.1
BRI 0.419 25.6 0.447 20.9 0.242 29.7 0.211 20.0
15 URAb I 0.148 9.1 0.112 52 0.041 5.0 0.074 7.0
T5URAL 0.015 0.9 0.011 0.5 0.004 0.5 0.008 0.8
FEKHER 0.078 4.8 0.043 2.0 0.043 53 0.063 5.9
BB ) 1.635 100.0 2.140 100.0 0.814 100.0 1.060 100.0

H 2 6 AT, 4 B T 2000k 2 i AE7E 25 5% . AO,
MBR. BAF+CW. OT+CW T. 2 B¢ /& i 4% % &y
1.635. 2.140, 0.814. 1.060 kg /m’, &y MBR>AO>
OT+CW>BAF+CW, OT+CW #l1 BAF+CW ) A T.i%
A5 T A0k R v AR, 7Er AR . BRI SS r
[T = ) N 07 3 o L R O W 1 (80 1
FAARl . WA HICHE , £ B0 1Rk 2 i K/
R T5 KA HL L T> Y5 e Ab B Ab LT K
HECEATT 4 B T2 2005 7K A R ERITAR A2 30 43 1) o A
TR 85.2%. 92.3%. 89.2%. 86.3%, 34 Kk J 5

e R BTHR BT, For H g T AR A Bl 2 300 1) B 32 5
MR, (5 ATk 50%, Xt 45 1.2 A S
AL W AO T Fom kST R diEHE, MBR T
IR B R S TR K R L ), R AR T
JE AR AR 2 32 B AL 3 STk T, N E
214 20%, X A= T CH4, N,O (38R K, 1
T & SR ELHEHE R A 7 R TS TR Ak
BRI, R PG AR A A T 15 KA L
Yy /b, Tt ), IR b il — e R b
KA T I THFE RN 25 W I A, 1o e Ak B A0 itk 2 38 A
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B15 %

T 1% LAF, 2 s 2 il il P FLf, LI R R AR )
15 I SR AERRIG A B T A ARG 3R, A7 AE ik
B
2.3 ARIZIbRHE RS RS 7
2.3.1  HERHEC T
4 Fp T2 A A Y5 7K KBRS Gy i AN IR, dE i
Eb B HE R H A AT DA & UL s 15 K AL B T 2509
IR BEALRE . 4% T 20 B AN [R)35 Y o He Ak HE s
Kl 3 R,
i [l 3 7] T, MBR T. 20 ) CODy, H ik HE L
TN Fe ik HF i 34 0 fe i, 43 91l 21.80. 83.18 kg/kg
(Lh CO, 3, 42 3C[A] ), W] MBR Ay 81t 2 (1) DL flk
HE T34 B 75 e ) K BR R T2 205 BAF+CW (1)
COD,. TN bR 24 5 A%, 43514 9.00. 51.29
keg/kg, VW T ARG RBCRBRIS e IRl 1847 1Y
REVRIHAE . W) BT FE A 3] il
OT+CW

24

22

20

18

16
14

AO L&

BAF+CW
(a) COD, bR HE

AO MBR

BAF+CW
(c) TPLGA AR

2.3.2  fHUENES T

HRIE(9) 7 kAT UM AR, TR S PR
SN 7 iR o DU R B AU S AT 45 Rk
A, HIEAE S IR S AR B HE R BT 45
JEX N BT 5 U AR S A IR AR
L A M U R B0 B s T R = AR S
TG, AT LR T FE R D R b AR T T K Ak
T 2002 B4, OT+HCW T 25 J1 7
FEMUR R BUR K, N 0.65, X B T LA S IvE T
BT R G K R R B THEFE R A L ), A5 BB AR
OT+CW [ /& 37, i L5 B0/ FH W o, DA 5230
fRtAl T 20kttt HbR . IR 2 SR 3R Y AR
PEHTRTE, 4 B T ZPHN S5 R0 “Busk” , vl LR
TR = SR B HEHEBA R BT A 6 V5 KA 3 T2
W B HE R TR AR . TS e B ) SRR S ATk
A, 4 Fh T2 USRI “IRRUR” , v] WG

OT+CW

AO

<K ®— MBR
®

BAF+CW
(b) TN RRHER

OT+CW
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Fig.3 Comparison of carbon emission per unit of different pollutants of four processes
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Table 7 Sensitivity coefficient and sensitivity analysis results

S LT HE B TGt
AS,  HHAS,  EHHAS, R34
AO 052 MUk o026 HUR o010 IRAEUR
MBR 053 HUE o021 BUR o006  fREUH
BAF+CW 046 & 030 BUR o006 IREUR
OT+CW 065  #U& o020 #U& o008 fREUR

Per= Az TRt T2 RARaR 2 20 s ke /) .
3 ZitERE

(1)MBR T. 255 BAF+CW T2 fyikbn R &5,
fH MBR T 2575 Y 25 B ) e 85 1k 2 ST 7 0 BEARE 50
YIRESLRE |, M2 N BAF+CW 404 T B IE
IR R IR BRSO BEREMIAE TR SRR

(2)4 Ff Bt A T2 206l /2 3 & A AH A . AO Al
MBR .26k 2 il i/ T 414 T2, BAF+CW 1 OT+
CW T ZAHELZ T REREALAR, (RARALAETE I

(3) L ST T REXT 4 Fhi5 K Ab BT 25 B 2 38 1) 44
T FEAEH, & TR 50% 2847 s V5 /K Ab it 72
T BRI HEOR 2, o H R 20%~30%; $ ) 24
Yy . PrEHHAE B R L AL 5 =5 15 e i Ad
PRAR B DL K FE K HERIOHRR 2 35 A4 BTk /)

(4)MBR T Z ) COD, HuliHERA TN sk
4 T2 B s BAFHCW T2 B COD,.
TN LWBRAHERCR 4 Fp T2 H Ak, & MBR T. 203k %
T 5 G W 25 R A ) I = A T B HE T T
BAF+CW .22, W n] RIS G PR 54 i 25 Bk
RG] AR KRR T i 2320

g5 FRTIR, 25575 Ik 2 i LA S b 3R T 2 iy B
ARAYERE, BAF+CW LA T2 A T.Z, nl LR
S it L 8 R AR R, 2 St A A HE TS R 1
YRR T2 . % T SR < A gt
TRUE— 58 Vi ff IR, R 2 R Rl 19 H /Y, IS
vig N TV S T P 3 fh2 . AR A R B AR
IKESAE IhAR; [ Fp AR A 3+ N T H ) 52 A 5K
TSR LAY 2 RE R BEAE, J2 A BRAAT A 16 157K
fRAERE A FRAR T 25

S T e IPCC( R 2R % SRS S48/ ) 2
A BB HE O B R 30 A R 95 BRI 9E T2
FREA TR T, USR] T 2000 22 555 sedhT
PUTE S F AR ROAE LT, %5 7Kk A B0 5 i 76 % <A
HEBCHEA T W, (15545 S5 T A
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