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Abstract

The mechanism of greenhouse gas generation in wastewater treatment was investigated. Using
the method recommended by the Ministry of Ecology and Environment, the emission factors were
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adjusted to meet the engineering reality, and the effect of different N,O emission factors and the
variability of the results were investigated with the example of GHG emission from A/O wastewa-
ter treatment. The results show that: there is a correlation mechanism between pollutant removal
and GHG in wastewater, removal of COD corresponds to CH4, and removal of TN generates N»O;
emission factors have a significant impact on the results, and the selection of appropriate emission
factors is crucial; in terms of total GHG emissions, direct emissions are the largest, followed by in-
direct emissions from energy consumption.
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1. 157K E IR = SERHERHLE

T KALER ) 22 R PR /K s Yo i B B R, (ELR VS KA S AR K R R A, X
SRR R BRI F BRI . 5 EI R AL TH[1] 1970~2015 ], PR AL ERFNHER ) AE A
TR = SRR N T — %, & 2015 FEAERIE AL AR = SR HESCE M 9.6%. H 2018 4F[2]
A B ) 2 A ERAT . — Tk o AR e = SR HE I E 1) 0.42%, IAF] T 197.6 Mt COg, s H I H
Kl & SARHEBAT I, PRI AR SO0 7K A 2 Hp (1 3 3 S = AR AT 72, DA AVO T /K ARSI 250
PRHEBCAB], R FCANR NLO HEBUA T RI52 0

1.1. CH, M= 1B

JRIK T A B A R AT IR A AL B 207 A2 KRR CHyo  IREVEMACPERTIE L 1 Bryant $2H =
AP BEHERRUY], KO T =B, © KSR, EEMYRBIR. R @ MET AR
BrE RAENR N IR EM AR @ P HBEN B, P R A R A AR R
Beo XA ERAPFMEAPIIRE . WA WA A A B AN & A il = Uk, (HSE
BRI T RORR Y], AR AT g it th 2 A RO L, DL T4 CHyo TISZNE ™ HGE
W IR R OFEAREOREE . pH. SRR AL, FR5r. AL . SIS . AR5k i A
FORW], B A R R R A A R B IR B, DU DTTE i 7K IR [3]

1.2. N,O BYF=4E I8

NoO SR N 5 I A REAH G, BRHS K TN & &g b B b . KHILCRkAL AT
SARWAN A 2 EERIE . FEREAGE R, NO VAR MIAELE[4]. H %S, NH; {EILAEER #h %L 1% (AOB)
TER TR NO, ,  FEAHER £ %L TR (NOB) IUE F T 2 HE AL NO; » fEFELEAE N T (pH &, ¥
RAAREE), SR (NH.OH) 2 SRR, FERR I AL R BE(HAC) IPE R T, FR i s A A ik
N,O. # NO, Wik — L8 Z BIMR G, TR R A [T XA = AR B N, AR B A A TR 088 iR
FE(NIR), HHFH NO, /e L1524k, &R NO.

TE A FE R, NL,O 2RI T P24, Wl 1 R, #E— il SR 2 B (— 8 AL — U8 SR ¥ Nos
FAGEARERE—PIE 5 NO 24 Ny, Nos & — Pyt 8 A i, FOE TR 2 52 B AR R R EE 52, 451]
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Figure 1. N,O production pathway during denitrification [11]
E 1. REEHEREF NO FERKRE[11]

2. 57kALIERHERT B AVHERE F

F i e N RN E ARSI —F — )\ SE WY H BRI COREET5 7K A B T35 Ge) 25 ok W [ 428 il il =
SERERARTERE ) (R1T) (CANERFRTERE), iR aRE R G, Wy RaE. SEF5TeYRE 3
Yo (b NRILAE KI5 3RpEE) E, CHy RIEESIAGHG), tE B 5 R, &
A NG YIS . GHG FPZAHE CH, N,O Al CO, =R = AMK, V5 YL M BAE N IR = SRR
HEE &SR 157K AR R GERHRBOT K43 9 B B HETSORA TR) 422 B HE TP 38 4 o

ELFEEDRHEBELSE CH, A1 NO BRHEI(FE IPCC Fara 1, B AW I3 fide ™= A6 1) — S8 A B V3 T AR ik, T
TSRSV VAR BT P AR BRIR, DR RS HE I RRHE BRI ) o (R RHE 6455 e YR B HE T
FIFEPERCHERG, A REVRVERRHE TSGR 48 Ho AT BRI VE FE = AR i MIREMERHE U S V5 /K A BT AR
YRR, BT, BRIRSE Y HTEFEE DI

T r HPEAN IR T EBR CODg = AE IR & A HEBCR LA R £ B TN 7= AR 1R == AU AR HE i i s
Tt o SRTITEA R0 o G K A 3R 2 SR HE S R 5 22 AR K, CHg A\ 20.5 1) 1395.8 kt/yr, N,O A 0.9
F| 32.4 ktlyr [5] [6] [7]. E3NEMHE Z kA T 5 7 B T @788, @ e 5, A A B MR
KV THEBCREL

2.1. CH, HiEF

T5KAEEE T CH, HEBOR IR FF WAL B3 1 T R IR = AR, A SRR 77, RIS
HEAZ S PR e HE OGS K AL AT MV kAT S5 325 o IPCC 5 VR T AW R A R I HE R 3, X
S BT B R BIBA 250 FI W . S IS [8]H L S AN IR S R AUX M AR 2 I CH, HEI R 1 A0 4 2R ]
FHHBE T, RAEAFE R REER, AP TR = AU SR E T 2k % 38 1 o T ki
A5 S IPCC FREIH T CH, HEA T HIXT b o AR 78 Fi 4 S 11K ot DA R AL B T2, ik ARl 7
“ 0.004 kg CH4/kg COD.

Table 1. Emission factors of CH, studied by Cai Bofeng and comparison with IPCC [8]
T 1. BHIEMR CH, HIEFR S IPCC EEER[8]

HEJL A T+ (kg CH4/kg COD)

IPCC 43-3% A G 2 PCC g
HEIETE K TolkigK
VSR RE A + B CH, FE T2 + [ CH, / 0.003 0.0008
VSR REH A + AN[EYL CH, J——
REATLTE 0.2~0.25 0.044 0.14
RES B E
EHSEE BRI R T 2GR WEONE 0~0.025 0.004 0.004
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2.2. N.O HyHEEF

BIABEFLH[4] [9] [10], DAl NO BBUB ML Z e mR R %, I HIEA IR e e, %A
TP NLO FIHERURE B o (ERARYE A ZZ MBS, 2016 4F A BRYE IR 35 0 AL HE (B0 48 IR /K AL B ) FR HE U
N,O X Riff] CO, M%) 139.81 Mt, 4t NoO HERM 4.7%, 17 A X R8s 29.66 Mt, 3 H AR
FEFFiE, 2018 4RI H] [ 29.89 Mt, IXFEMITEALT, V57KAEHF NO HIHEAS fE 1 ZALAEE .

BT NoO BIHE S Eedse i, KA R AHEOE 7 DA Fe st . —F R A R A 5 [1 L] 4% FRANR] )
JR T 2347 X 20 o X ZRHEA FHEIE T Foley [12]1 N,O FEALZR KR FE, BUTME G [11] Xk — AR 4R
AR T 2 S B S BRI FE AL 2R RN DA X 4375 HE A G ifi Ak S A 46 0.035 kg N,O-N/kg N, A AR 16 2
AL HE R 4 0.049 kg NoO-N/kg N, - [815 A 46 S s 4k T 2 B FECR - B 0.023 kg N,O-N/kg N, IR
Az K 0.0026 kg N,O-N/kg N, X 2 45 B A R AR 1-[13]. {2 Foley [12] (R 45 i, fF4Hfa
SERRIN, ERRf 4 HURAEEF R E A R, HoR 16 A4 BRI 0.013 + 0.003 kg
N,O-N/kg N, XiEH] 1 0.035 [~ 31 /2 tH /b 2w K E s S 20, [RIBS Ui BRI T Foley [12]%: L2 145
B o R A HETBCR TR K s 55— RSB ) IPCC [14]H9HHEFE (I ERIAME, 4 0.016 tN,O-N/t N, KZ %
TN 1PCC A AT A HE 738 R 7 Sk 1 X 3 R B30 T 5 R P /K A B ) gl & SR HE [ 7] [15] [16]
[17] [18].

2.3. HEHMET

T57KAETG /K A EE ) A B R o (R BEAE A DI S U D TR, A i X 3 L O i o 2 T A A
TR A B R APy B HLRER TS o 2% DX X ) BLARHEIUA 721 T 3% 2.

Table 2. Recommended values of CO, emission factors for regional grid power®

2. XWEMEN R CO, HiME FH##EE

L B4 He B F/(tCO,/MWh)
b JE5t. R, Wb, ivh. R, WEEERX? 0.8843
7k L. HAk. BT, A EHREKS 0.7769
IR T WL, 2B fag 0.7035
Herp WEE Wby WIS, YLVE. PO, EIR 0.5257
[if] Beva. Hol. Hig. TEERKX. FEEEnx 0.6671
2] RS BB E. SN 0.5271

Hidis: © A 77 COp HEMUA AU T 1 ZK RIS UM AR A e mgs F FE AN [ b A vh Lo /K €2011 4E A0 2012 4 [F]
DX 5 F 18 SRR TR 1) o 2012 4 v [ X3 90~ 24 — S A BB L 7, SR ORI U 58 8 1) R A ) e
BRI, 5 LT ARSI T 2022 SR A HERE 1 5k B A Y 0.42 tCO/MWh; @) BR7Rig, JHIL.
AR LRI 22 AN A S8t DR A “ B IX I 7 HETRA 55 ) SIS 3IL. WPAR DURAING 2 R A “ AL
DX AL HEREA T

IR TR, 7R AR LR 2 B J MR SR, I3 R 2 A 7 O i 3 PR
T T FRE A B AT R 2T ARAR DRI CO, HERLA T 51T 3,
3. RBISHRr

ok 75 45 - R R K AR FR) 20188 Ul 1300 m¥h, R BRI E . FEEEKE T REE. A
PCOCTATIR K, T BEAMIN _F 3 R LA, CRIE SBR b3z 47 . 7K CODer SF¥13k B 4y 383.67 g/m®,
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7k CODer “F¥15 A 34.8 g/m®. #E/K TN PRI EE K 211.5 g/m®,  Hi7K TN P9 EE K 10.37 g/im®,
KB FEFRIH 2 CRTRE (B PE B) 15 KSR G HEBRAE) o I KA B Rt e 21,168.792 MWh., 4
SIe TR 8N 19,224 tla, DOC (FTF#fEA ML) EUEEL 15.6% [21], AT FAMEBALE, WAL
KR E SR

Table 3. Recommended values of emission factors for different agents

= 3. FRIAFIMHME THEE

e HIUE T/(kgCO,/kg 25 )
B [4] 1.74
FH 1.54
PAM [4] 15
PAC [4] 0.0227
HARGERR . SERRh[19]) 1.4

31 ZRERNHEEES

WRAERZ ST, WA EE S ROV BRI AT R, I 3& 4 PR Reop NT5/KALEE] COD H%Ek
&, Ry AAEEREH TN FERRE,

Table 4. Pollutant removal data and material consumption information for wastewater treatment plants

4. KR ISR EREIERMRLERER

BEAR LA /[
Q m3/a 11,388,000
CODj, g/m® 383.67
CODcr
COD, g/m® 34.8
Reop t/a 3972.93
TN; g/m? 2115
TN TN, g/m® 10.37
Rrn t/a 2290.47
g t/a 264.6
PAM t/a 348
PAC t/a 360
FH t/a 3721.176
H, 77 HFE EH MWh/a 21,168.792

3.2. BEPRANFHEREREAZABETF

AW FC AR B S5 KR LA AR BE T2, B H e HEAR R 72 0.004 kg CH/kg COD. 1T N,O FIHEK
bbb, SR PR AS ) N R R P A8z TR T DI E LR 3o F S0 BECR ik B st 3 A7 B i FH 76
MHER T, K 0.6671 tCO,/MWh. Hf 7% H it % BRI IBUR 741 T R 46 5.
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Table 5. Emission factors and assignment basis
= 5. HEMEF R E k1

LS 2R HfE Wiy TRAE K3
CH, fEBUH T EF.., 0.004 tCH,/t COD [8]
i%ﬂ(l:f:l%‘,fjf)ﬁiﬁqﬁﬁéﬁz EE 1 i © o NA Yoy
AL A LT L 1 N,0 0.035 tN,O-N/t N B P A SR A SRS A R O
2 ER 0.016 INO-N/EN %3 (2019 f£iT 2006 4F IPCC E KR

FAMIE AR B, N 6.39

: €2011 “FA0 2012 4F [ [X 4 Ha oA ~F
L/ CO T Rl EF CcO
2 T o, 0.6671 tCO,/MWh P AN T (BeP )

4. HRETR

AT T V57K AL 2] PR 2B CODer A TN 7= A8 (iR 5 UM, 1 A A0 i B = AR I = S HE SO
HL AT FE . Ah S A P RE S AR 1R = SR UL A q R U ok, R ITT & 6
iz Frr S AT U HETSDE DR R 48 e o A U DL & IPCC HEF (B A AE B 22 %

IG5 /KA FE % CODer PR TN 2B h 3972.93 t. 2290.47 t, KHEBA 7 HIEEUAE, 774
[ = A AR HE RS B 59,417.45 t(38,217.52 1) o

Table 6. Comparison of greenhouse gas emission accounting results
= 6. mESHHIMERELERILE

Hersi L2 Lt i
Z:P% CcODer F24: /) CH, 81.81 tCO,eq/a 0.14%
£BR TN A1) N,O 39,052.51 tCO.eq/a 65.73%
1 A 14,1217 tCO.eq/a 23.77%
YIkEHE 6161.42 tCO,eq/a 10.37%
Ftit 59,417.45 tCO,eq/a 100%
F: % CcOoDer 242/ CH, 81.81 tCO,eq/a 0.21%
£BR TN 241 N,O 17,852.58 tCO.eq/a 46.71%
2 TR 14,121.7 tCO.eq/a 36.95%
YIFEHE 6161.42 tCO.eq/a 16.12%
it 38,217.52 tCO.eq/a 100%

B = SAHBUR 7E 2Bk COD LA TN J7 i 51 #2, COD 5 TN 1 2B 243724 90.93%7#1 95.10% .
Jit U B A S 7 BB I SR HE O 2 R, ANV RN HER 7, AR 5 R HE R 1) 50% 78
Fio FILFERH, FEREGKFIIRBE LR R, 2K COD 2124 383 mg/L, A mIA 211.5 mg/L. iX ik
WIRISCRR[9] [22] [23] 50, LA 23 i = SAHERG & &R B R 2R REFER T i
I H R e B oA g AL S s AL HE R 7 0.035 tNLO-N/t N, 215 5% A IPCC 8 (13 48U A 3 T 251 NLO
HEBUA 7, T8 BT SR A HERCH 17,852.58 tCOqeq/a, 2072 K T8 B HEUA T 1) 45.71%, mILLEH RS
SEHEA 70T i s SR AT E S N . Foley [12]8F 78 & B, & N,O HERUEE R AFE Wit 2
W T LK TN IREER TS5 K], X 235 K ) il BA XA RRRIE, A miE s, 8K
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(K10 S 7 28 AR 45 B I ) (SRT) B o R I 25 R MR R A S i A 4 P 18] P 03 P, B 336 I
TR 6 A — A BRI A e B 3 25 BRI SRT (1 B8 45 Al EEAT 58 42 S Ak, SE i “FEAR”
() RIFIR G /K F3 561, AT AT BT NoO HE . MDA e [24] [25] [26], T57KALER] 42l 1L i
HERVE i A (DO AL AH IR ER UK L NI4T, IFERH AN SO AL I B PR FF I 24 /) CODIN EEfl, W] RAKR SR
it NO HIHEI -

TR T Is AT SRR AR R e, LA I R e AR U AN, TSRS TR AL B AR A AN ]
W FIE A s B P R fEAL, BEREATIRERRHE L ST BN, P KRR HEIR]
FERRZ B K E ., ABE T AR 2 KPR HERI R . (ESEPRAE P AiE T, VIR REREL A7 4E
BN [27], BIYS/KARERROMOR, FALLHAE, SATYIREED .

5. &g

WRE LIRS R, RYMETG KB 2 TR, KRR S U AR A1, Herh NLO 1
PLEE B, AR ARTAORERL R, NoO FOHERGHE H 4 20s[9] [27], AT, XAMHEBOL SeAEiS /KAL) iatT
AR P SRR R KRR [N, SR AT FE R R PR NLO HERUR 1, 15 IS SRAH Z2 T LA
2% o BIHCRBORTZ TN NoO HERA 1 He o X BRI NO HERUA 1 1wt Fep 2B fEJH BE, ROR 5 22
BRI R R MWETT, SRS & TR SEE B . IS4 A D Z R EAZAT 26 4F T NLO
HEBG A AT DURSERT 7T H (8 Gl I HEUA 1

BT R B A2 PR K A B K B NS YR FEARAR 52 o 5 K AL B BBOR, 595 KA B I A Al S
FHIRH) CHy SRR T NLO AR IR iy o DR 7K AL B 2R K 2SR (1 22 5, COD Al TN AbHE A 2%
i SR KK COD A TN HIREEZE, MM 51 EBRHSCR A . BrEL, LK, BRI K Jstt
IR, KRG KA BB AR B K & . [, 57K ARER 5 3l &5 BRI F B0 B [RIBHE IR = Ak
B XU AR LA, {5k HE) N4 1 =5 FEHE G, fEIRTS AR I RV 3 R ook, i
AEE IR R, KRB “ A f “ReR A Bk
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