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Fig. 1 Main process flow charts of three sewage treatment plants

1.2 #&%EAFAIHA

AT KA B A el e R e, SRR ORI A T 5, RIUIRRR Y
AR S5 5 RN B TR . BB RO R AT 73 o BRI R 7. B B2k
AEFEAE AR CO,. CH, AT N,O, HEASZAKARRS ™A CH, . N,O Kigleib & ™Ak mcHECE ; [F4Hz
HE EZ AR R RIS I P A AR 157K AL A= id He CO, B AR e To7KALPE
T EEFER RS AR TSR BB A AR TR 2GR EALRAMINGRIR . ZREGRIANBIEER] . AN
PP IRRERAE s MEAL, ARG AR = Ras A5 A rP i A BRHERR PR A R 2R KA T 1
R ARSI B R P RRRHEIN , AT 32 2 AR 7 A RHERL o



59 ARRALAS . T H HERCEE AL U3 X G 75 /K AR BE T AR B R RCRRIE 2829

1.3 SEG53k
MRPEFERE” T B M SR B i PO ., EERHER R A AR T .
1) V5 KA A A TR CO, HERIRZ A S %R (1)~(3) -

0.67
CESCOZ—WW =MFCF- { |:1 A(Bip + By — Begp) X (147 —-1.42x m)] +(194.7THRT - MLVSS - K,)—
4.49 5| (TKN,, — TKN) — (B + Boy — But) X [ —20T__Jx0.124] L x 107 (1)
. in eff in ex eff 1+ Kd .SRT .
FCFx B;,+ B,
MECF = FCE X Biy + Bex )
Bin + Bex
K, = 0.05x 1,047 3)

P CESco,-ww NTG/KAEFMEATE CO, HEBGRE, LIHISAEELL COD RAERFEAANPIITHFED CO, 24
i, kgCOeqm™; MECEAMATIR CO, fEHILH] (X (2)) 5 SRTNAMEAF-IERIIE, d; 1947875
TN IERFT CO, 7%, kg'kg™'; HRTAAEVISN MK SR, d; MLVSSHAEYRMIR GWdE & M F
P BTREE, mg L'y 449 A BriE Z ARLEE R CO, itiE, kg'kg's TKN, ATG/KALER HEK &
HURAEWSE, mg' L' TKN e ATGKANEE K BELRE W, mg' L' 0.124 M34EY (CH,0,N)
TR N B FCRNTS/KAREE HEK b IEa MU, BUE 10%; T, 7K, °C; 1.1 BOD, "
fbreA: CO, Fott; By WIS KARER) HEK BOD,, mg-L™'; B Aiafrd fe i ACHE MBS, mg- L5
B W15 /KALERT " HiK BOD,, mg-L™'; 1.47R75/KACE) #E/K A BOD 5 BOD, Z [ 1.42 064 ¥4 i
BOD; i, kg'kg'; 0.67HLNTRAZEL, keke's KoAEWARE, d' X Q3)) .
2) 15/KALEE AR ) CH, HEEI S %0 @) o
CESci,—ww = (Bin - EF iy, X 107 = My, 1) X 28 4)
K CEScn,-ww MG KA LRI CH, HEBREE, kg CO,eq'm™; B AT5/KALH 37K BODs, mgL™';
EFcy, o WT5/KAEELERTT CH, HEH -, kg'kg s Moy, o A IRISERANFEZSERIY CH, AR, kg'm™, HUEN
0; 28 CH, IIABREIRILAE, W4, kekg '
3) o/KAREE=A ) N,O HER A S % 3K (5) -
CESn,0-ww = (TN, - EFy, 0y X 22/14 X 107 = Myo_1) X 265 )
A CESwo-w HTGKALEL N,O HEHREE , kg COeq'm™; TN, A5 /KAL) HEK PR A, mg L™
EF0-wo WAL ELG K I AR T N,O HERLAF, kekg s Moo MIICEAL LSRR N,O SIRRE, kgm™,
BUH A 05 22/149 1/2N,0 5 N 4 FRRE L 2650 N,O IIAERASHEIGE, %4, keke'o
4) HEAZAKAA =1 CH, BIE S % (6) -
CEScy, . = B -EFcyy, e X 28X 107 (6)
K. CEScue NZAKIK CH, HERIREE , kg COeqm®; B/ AHEASZ A KK 4L B 7k # BOD,
mg L5 EFey, . AZAVKIERTD CH, fHLIAT, kekg's 284 CH, ARBRZERESGRE, %4, keke '
5) HEAZAUKIA=A 1 N,O BB S %R (7) .
CESn,0-rc = TN/ - EFy,0e X22/14%x265x 107 (7
K CESwo- NEZAVKIAR N,O HEHGEREE, kg COLeq'm™; TN AHEASZAKALE B P, mg L™
EFy.o_ HSZAVKIRH NLO HEHIA T, keke s 22/142 12 N,0 5 N 4 FRE L 2650 N,O [94ER 251z
WHE, WL kgkglo
6) TR E = A IRHE I S50 (8) o AR5 IRAR AN &R R AE K IS /ML BE, PRI A T
WHEBAZ I ke dn T K aeHRR s, BT AN (8) ¥,
CESco, = (Mps - B-EFy)/Q (®)

e CESco, MG IRUAR MK BHEI SR L 5 Mo b AT AR BREY TSI, td's BTG IRIBUK ELfE
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kWh-t''; EF MiZHX B IHERIN T, kg kWh''s Q MPEAEN BUEFKE:, mbal,
7) HUTTHAE A R A S5 9) -
CES, = (EsXEFy)/Q ©
K CES MBI THE THAEMI A J1 P~ E MUBRHERCIRE , kg COeqm s E NTEMAENIZ I T4y BAEHL I,
kWh-a'; EF NIZHIX L JHERN T, kg'kWh''; Q APEMM4EN EAEUKE, m*a ™,
8) ZFErEMBHEIZ A S (10) -

CESy = ) (My, :-EF,)/Q (10)

s CES  MIHFELG R =AU, kg COLeqs Mo, W5 i P2 AIRL, t; EF., WS i kiRl
AHERLI T, ke ts w AT HEEH] o FiRPEL QOAIEMMAENEAEBIKE, m’-a,

9) T RWIRRHIGR B IR 253K (11)~(13) o IS A RN T3 LBRABRHEICRIE, ASDF
FEMXIA R Y LB e A T,

CESCOD = CESWW/CODremuved (1 1)
CESTN = CESWW /TNrcmovcd (12)
CESTP = CESWW/TPremoved (13)

A CESyw WHIKIRHEIGREE , kg COeqm ;s CEScop M COD BRI, t COeqt; CESnAHTN ik
HERGREE, t COseqt's CESyp A TP BAFHGREE, tCOeq-t's
1.4 BURMah
XTBRHE B A R TSN E T, S B R B S T /KA B B, S R A
KA PR 2 X515 K AL 3 R HE R ) 2 e KU, pR T KA B Bk HE Al 32 280 T LR HE s (T A T
CO,. CH,. N,0) . [aJ$zhnHEi (FEJIHEFE . 25%E) RS UeAb b B, B3 BEXT I =30 oA T B AR s Ay
Bro BUEE R EEARTR AN (14).
7= AC/C
Ax/x
K. Z FORBUBMEREG AC/CHRIRTGARAEE THEIAR AR Ax/xFonsm N R AL,

2 HREKIR

2.1 SR TR

BAEFEREBIE R T 2021 F59%I1X. 3 RSN 5K A V5K HARBRE: | SR Kb H 4
HiEdm ., HZGfEE ., HEUKIGIer=mas, YoRE oK) 5 HiEgst. BRSNS KA Rz g
SRR 1 PR,
2.2 HEMETFHE

HRAEAERE” ., T MR S B B G HE R T, AT . B M CJ AR T 275K A BT
CH, HEA A F-43BIBUE R 0.012 1, 0.01, 0.01 kg-kg™'; 3 /K] T5KA Db B AR N,O HERE TNk x
BUE M 0.009 3. 0.020 2. 0.020 2 kg-kg's BT 3 KT BHEAT R, Wz 48Kk & CH, HER R B
0.114 kg'kg ', Z4/KIE N,O HERH FHUA 0.005 kg-kg ' HAHEL A TS Fam W BUE, HFEHER
PRI AR X B A 0.941 9 kg kWh' s ZUFEHERR b, FAIHEATRE . 2305 0 FRREERIY
RN . WRIREN . —SACERIA A oA R 1.47, 2,50, 1.48. 0.99. 0.26 Fl 1.10 kgt ™',

3 #R5HE
3.1 3 EES/KAIE TR B R HE R S 4

1) BRI S BRAHEBGREE 73T o ACIREIX 3 AR X G5 /KA BB 4E ) BEAERHE U 34 10.21
T3t COseq. HFEEBHAFIEN 4.00x10* t COeq, HHLANER CO, Bk 1.00x10% t CO,eq, CH, BRI

(14)
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Table 1 Basic operation and maintenance data information of three sewage treatment plants

FEHR I HLA Al B/ cr
15K HAbHERQ/(JTt-d ™) 1.7 11.2 5.9
EYPlIRET, C 18 20.24 24.67
HYPbMLVSSHR B /(mg- L") 6 540.46 545581 5018.35
A HRT/d 0.56 0.5 0.62
APt SRT/d 13 15 14
HE/kBOD;, B,/(mgL") 115.07 224.46 176.94
AR E MRV BB /(mg- L) 140.29 54.34 50.78
H/KBOD;, B,/(mgL™") 1.22 0.68 1.58
#tkCOD, C,/(mgL™") 290.76 510.53 385.10
7kCOD, C,4/(mg'L™) 13.83 20.76 18.96
PEKEBE, TP /(mgL™) 6.15 8.50 4.47
K E#E, TP./(mgL™) 0.08 0.10 0.07
HRER, TN /(mg'L™) 39.46 46.47 37.95
HKEA, TNg/(mgL™) 10.27 6.03 7.80
HKEFRE, TKN,/(mgL™) 35.66 37.43 33.36
HKBHUIRA, TKN/(mgL™) 5322 3.31 4.01
HEKEA, NHy-N/(mg-L™) 29.66 28.08 26.56
HKE A, NH,-N/(mgL™) 0.37 0.55 0.57
HMET5IR T E/(td ™) 12 60 73
HMBTFIEFIKFE 60% 80% 80%
V5 UK L REFE/(KWh-t ") 50.5 283 28.3
Tkt PR GERERE/(KWh-d ) 1650 7755 4077
ARG REFE/(KWh-d ) 6 840 21010 10 200
TREEAL I K 8 R GERERE/(kWh-d ™) 1920 35955 16 990
T IX A B A 7 RGEREFE/(KWh-d ™) 1590 5780 2713
SAHLAETHFE/(KWh-d ) 12 000 70 500 33980
AR FE/(0d ) 4.50 7.90 430
ZRE T BRBEIEAE(td ) 2.00 5.10 2.90
ENIHBE AR/ (td ™) 0.02 0.10 0.02
YRR AR (td ™) 0.50 3.30 1.50
SHEARE/(td 0.60 0.20 —
A A BAHFEAEd T 1.20 0.30 —
EAEDHRCR /(<10 t CO,eq) 0.32 2.49 1.19
[al R HERT /(< 10* t CO,eq) 0.91 3.58 1.72
SRR /(< 10° £ COLeq) 1.23 6.07 291
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4 0.41x10% CO,eq, N,O fHEIE A 2.48x10* t CO,eq, VHURMi/KBRHEREH 0.11x10% t CO,eq. [HJ42H#%
HERCER S 6.21x10% t COeq, H: i RERR HE i A 24 R HE TR 42 518 4.01x10% t COLeq Fl 2.20x10* t
CO,eq. ZHEWHEND, AR 0.90x10% t COeq, ZAUE/ T MEIBEHERE 2 0.91x10%
CO,eqo HHTAMHKE , 15U bR M AIG /K AR FREE JiHFE 225, HIHeIHEUE SR IFARER L
WK (5 BRI AT ek D, 3 FRRRHERCR RSB IRE B A, 254036 2 Fi. 2021 4F 3 J
157K KB A 1.35~1.98 kg CO,eq'm >, SERIE A 1.6 kg COeqm >, AbTIAHGE(E 0.1~2.4 kg
CO,eq-m > A _E RS 2 K B HE 5 — 32 5 7K H K e B R e S AERCR A . 1A, NLO Al
CH, WIiHECS TN Fl COD X 2 Fhis Je i B e B A7 21 dEK s TN AT g T NLO Bkl i ot
Wk FFXHI5 YRR, COD BRHEIGRIE AT (8.62t COeqt)>C ) (3.66t COeqt’)>B ) (3.16t
CO,eqt™") , TN BRHEIIEE AT (67.84 t COeqt) >C ) (42.49 (t COeqt")>B ) (36.44 t COeqt™) ,
IMii TP BRAIREE A T (384.81 t COeqt) >C |~ (297.29 t COeq-t) >B ) (176.69 t COeq-t") . £¢ L fir
iR, BLHTYY)RBRIIRHEEGRE B | . X EE SRS | RO . 2GR R A BRI,
£ S S
2 3 SRR NEMEIRHER R L

Table 2 Comparison of different annual carbon emission intensities of three sewage treatment plants

TSI EHAR B ARSI AE ] S HE A
HEH e b SARHEK e ‘
i W - - — fit
Co, ! : W FRRBER BE (&l Tk IR
Al” 027 005 017 003 0.67 0.39 0.29 1.74x107  0.03  9.18x107° 0.08 1.99
CES,,/ -3 -3
L BT 013 007 04 001 0.59 0.1 0.11 1.32x10 0.03  4.64x10 0.03 1.48
(kg COeq'm™)
C/” 015 006 033 001 054 0.11 0.12 0.5x107* 0.03 — — 1.35
A" 117 019 076 015 289 1.69 1.28 0.008 0.13 0.04 0.34 8.62
CEScop/
. BT 027 014 08 003 126 0.22 0.24 0.003 0.06 0.01 0.06 3.16
(t COeq-t)
CI™ 04 0.15 091 004 147 0.29 0.33 0.001 0.07 — 3.66
Al” 918 147 595 115 22.72 13.3 10.05 0.06 1 0.31 2.65 67.84
CES/
. BT 313 1.6 9.9 035 14.54 2.54 2.79 0.032 0.72 0.11 0.72 36.44
(tCOeqt)
CI” 468 1.73 1053 045 17.06 3.37 3.87 0.016 0.79 — 42.49
AJ” 5207 832 33.77 651 12889 7543 57.02 0.34 5.65 1.78 15.05 384.81
CESp/
. BT 152 773 4799 1.7 7052 12.33 13.54 0.16 3.47 0.55 3.51 176.69
(tCO,eqt)
CJ” 3272 121 7366 3.14 11939 2358 27.04 0.11 5.54 — — 297.29

2) BRI . X 3 a5 KALEE] UEA TIOHECIRARAT, Z55RUNE 2 . 3 HEK) IRRHER R AT
FEHERC £, 2 SRR 65%, Hidr AT iR 31%) , CT &bl (17%) o 532855
N, HLTTHFE b SRR 38%, JE T F BRI HEROR IR, A A ST (38%~50%) Ab TRk
ERI D HorR A TR FeEROR (14%) , C ) G HeE/D (11%) o TH2550TEAE S BBHER Y 28%, ok H 4%
WEGE (13%) MR TEREER (11%) , BN . WEIRE . =S ALEmA: A K fssHE KT
5%. TEEAERHE, NLO BRHERCS ek (19%) , AL@ii CO, BikHRiL & L HIK (119%) , CH, BRHER S b
/N 3%) , Hi B S EEK (13%) , AT 5 HE/D (10%) o N,O M2 BRIG R & S FHEN 75 T
CH, 1 CO,, # N,O By EHERRHER Y R, 15 URALERARRHEA S 1%

BRI IR B HE R AT S AN 2 (b) Fi. A ) MUKBRHEBGREE T, (AT & ek 73%, Horp
FITHAERRHEIL A7 L 40% (RIEPHATR 20%, 23055 FRRBER 15%) , HiHFEmHERGS He 33%; HHE
AT E 27% (AR CO, BRHEIL AT HE 14%, NLO BHEIGS Lt 9%) o L, A T HkHEE 2252 25 FITHFER
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Fig. 2 Propotion of carbon emission sources of the 3 water plants
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HER S b 27%) o i C T WK BRHERR B, RIEEHERL Y RN 59%, Herb e T iEAERRHERL A7 E 40%,
FHFEIRHERL S L 19% (BRI 8%, Z3mnFIRIET 9%) 3 BEEHERS H 41% (tkATE CO, Bt
B 11%, NLO BHERGE H 25%) o Rtk, B F C ) AlBRHER E PR r i RE IS [ A IR R 5 7K
AP FE A N,O EHEHEL, %G AR TR E AR 5 AL T A P, Hor N,O FLEmHE R
F% i SBR T2 EHE, AOB MISAHIL/E I NH,OH Ry i e S i fbad B NLO i, ik
TS K B RV A AU TR I E IRV E R, TEAE A SRR TR 9 DO 45447, 25 LT
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W, ACHURIXHY 3 JREIX G5 KA 327 F  THAE R HERRHERCRN N,O EiiEmeHRRcEt, 456 HAhMFTTE
%[28]O

3) ABRHERCEE R AR HEA 3 RIS KARERT A MK BRHERGREE S5 A 22bR 2w HE R AL
Wi, SERE 3 PR, XA MKERHEEBGREE, AT 2 gnaih, AEIREIAK; BT THAFE. B
FEFI N,O 5IEMBHERAE 9 AMiksh M. X F2IRFiIRrHAR s kb, mifbals co, fit CH, 1Y
HEROR AP AR ;. C T W2 g AR, X fEYS C-TECH T 2532 IR EmAE A o6, S0 H &
BRY bR, A ) AR THAK) ™, HAAZ5 0 H LB i aR B sk, COD fik
JiL 5 OA 5.55~15.57 t COseq-t™', TN A& HEHC5E B 59.16~90.98 t CO,eq-t, TP fifk HE il 58 B
252.18~509.14 t COeq-t ', EERRHEMURMAE 0—10 A, XFEoRA 8 HidHrAizmimm gk, H
AOKSERGE TGO N LR IAHET . B 1Y COD BHERGRETE 3.19 t COeqt ' L Nsh, TN fRHEGHR
BETE 36.79 t CO,eq-t™ BHITIESN, TP BicHRREE SUA 129.95~180.19 t COeq-t ', EMAFIGERAL, FHXT
BB, X FEIE TR R A SBR B b ey, I AUSCR R 470 [R] s g s A5 b A ML 2 1457
CJ 1 COD RxHER LA 3.84 t COLeqt . TN BHEREEZ) R 43.15 t COeq-t™' s TP BRHEAR B R
222.25~443.77 t COyeq-t, BMATIEIE T, HBEARA MUK XATREREH TAH KBRS i
WP AZ IR R AR TS

R LPTR, 3 JEETIKACER I ] AR A A . A T R MK BRHE R AR AR R R E
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Fig. 3 Changes of monthly carbon emission intensity of three sewage treatment plants in 2021
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Characterization of annual carbon emissions of three district-level wastewater
treatment plants in Beijing based on monthly emission data
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Abstract In order to support the planning and implementation of emission reduction pathways for wastewater
treatment plants in the northern region of China, this paper taked three representative district-level wastewater
treatment plants in a district of Beijing as the research object, synthesized the Carbon Accounting and Emission
Reduction Pathway Technical Guidelines for Urban Water Systems, the Technical Specification for Evaluation
of Low-Carbon Operation of Wastewater Treatment Plants, and the carbon emission accounting method of the
IPCC 2006 Guidelines for National Greenhouse Gas Inventories, Revised 2019, and adopted the quantitative
statistics, correlation analysis, and sensitivity analysis, quantitative statistics, correlation analysis and sensitivity
analysis to characterize and identify the patterns of carbon emission accounting and influencing factors under the
normal operating state of wastewater treatment plants, and to propose targeted emission reduction paths. The
results showed that the ton of water carbon emission intensity of C-TECH process of C plant was the lowest at
1.35 kg CO,eq-m™ for the three plants, which was at a lower level in China and close to the target requirement of
"double-carbon". The carbon emission intensity of the unit pollution removal of B plant's improved SBR process
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was small, and the COD carbon emission intensity of was3.16 t CO,eq-t', TN carbon emission intensity
was 36.44 3.16 t CO,eq-t', TP carbon emission intensity was 176.69 3.16 t CO,eq-t", which was in the middle
and upper level in our country, while it was closer to the target requirement of "double carbon" from the
viewpoint of efficiency. The greenhouse gases generated by different processes, fluctuations in water quality and
electricity consumption led to differences in the carbon emission intensity of the three plants. Despite the
differences in carbon emission intensity of different processes, the main carbon emission factor of each process
was indirect carbon emission (73%, 59% and 59% in Plant A, Plant B and Plant C, respectively), and the main
contributor of indirect carbon emission was electricity consumption (33%, 40% and 40% in Plant A, Plant B and
Plant C, respectively). The correlation analysis found that the carbon emission intensity of each water plant also
had a large correlation with the direct carbon emission caused by N,O, and the three water plants emitted 24.8
million t CO,-eq of N,O annually, with correlation coefficients of 0.68, 0.87, and 0.66 in Plants A, B, and C,
respectively. The sensitivity analysis showed that the overall carbon emission intensity was more sensitive to the
changes in electric power consumption, N,O emission, and drug consumption, and the overall carbon emission
intensity was more sensitive to the changes in electric power consumption, N,O emission, and drug
consumption. Glucose solution and multi-effect polymer phosphorus remover in drug consumption had a greater
impact on carbon emission intensity. The above results indicated that the emission reduction should be achieved
by optimizing the efficiency of aeration system and pump and adjusting the dosing mode of water plant for the
district-level wastewater treatment plants in Beijing.

Keywords carbon emission accounting; wastewater treatment plants in Beijing; electricity consumption;
correlation analysis; sensitivity analysis
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