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Fig. 1 Sewage and sludge treatment processes at a sewage plant in Beijing
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Table 1 Influent and effluent water quality of sewage treatment plant mg-L™'
E| BOD, COD N NH,"-N TP N
KK B 123 225 240 25 52 46
HAK KB <6.0 <30.0 <10.0 <15 <03 <15.0

1.2 RKSRHMHRIET 2%

ARG KAL T 2560 b, A — SR A5 IR AR A 15 K I BRI A T 22k, il 2 fr
N AWFEEH, Wi T NaOH HRbERAGFRIAT TSI 10 e 5 B RATS I T i LB T SRR RIAS
P

1) FRT5 VIR T 20938 . NaOH FbEEN Tz, #RAERTERI ) X5 e AR R A Al
AW, AR R H NaOH BRI A5, EA RIS RM, pH o~ 12.5 BB A I & i
. AR pH, AHUREERIIR RS, HAR. SRR, W fER pH O 12.5. BEET, NaOH f9#%
JnE A 90.0 kgt (UL DS it), S0 f## COD {H} 5 861.0 mg-L™', NH,-N i &y 821.0 mg-L™",
PO, -P UitV R 168.0 mg L™ FRT5Uemdifit IS EmIR, AHUIA SRR T 90%"

2) PTGV PR I, SBEEAEERIEN T Z, AR S 2 A 4 A >, B
HREBF AT AL, S A8 BN e pH A 9.5~10.011 BESEREE/RBIMEL Ry 1.2~1.304151 ) AAF55HE pH Ky
9.6, Mg/P iy 1.2 #1158, NH,-N Hl PO, -P ML BRI 57.4% F1 91.3%" 155 T5URmiff pH h
12.5, BRI EAE pH ok 9.6, R 98% H,S0, #4117, 414 H,S0, BEh 1.58 kg'm ™,

FIATTS VRS N B 257908 MgCl,-6H,0, HAMHEARIEL (DU 3144, 23845 5= AR i
X (2) T

CpV Myiecr,-611,0
—— 2 x10° 1
LS (1)

Mmgcl,-6H,0 = M
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Fig. 2 Process route of excess sludge hydrolysis solution as a denitrification carbon source

ft q:' : mMgClz'stoj‘JMng'6H20|§/‘Jﬁﬂﬂ§ , kg; n1ﬁ%§5@$ﬂgﬁ£;ﬁ Hﬁ , 1.2; Cdﬂﬁy"%@a‘i%&ﬂ@bﬁ%/&fﬁ ,
mg'L'l; Vﬂﬂ/’?{EM%{&E/‘Jﬁgﬂ{, L; Mpﬂ‘]@éﬁ/ﬂ@e;ﬁ}ﬁ%, g'mol"; MMgClz<6H20j‘ngC12 -6H,0 E/‘J@;T\B\%E,
203 g'mol™'; S NZYEMINAERE, 98%.

GV M, MgNH,PO,-6H,

M;

l—ﬁb:':‘ MMgNH,PO,-6H,0 ﬂﬂ%ﬁazﬁﬁfz%%ﬁ%, kg; MMgNH4P04-6HzO ﬁ%ﬁﬁﬂ‘]@ﬁ\ﬁ%, 263 g'mol’] o

215, MgCl,6H,0 N 1.35 kgm™, BIEAS5G7 R 1.42 kg'm™, H,SO, &l h 1.58
kg'm™o TG KA ARG IE (FIKER 96%) H 7 EE25 1 900 m®, i 1x10° m® ¥5 K 75 £ 49.0 kg
MgClL,-6H,0. 57.3 kg H,SO,, rF*E83e258, 51.5 kg,

3) el 43 15 Y A P R 2 bR . AR IY i B AR AN AR A IR A A AL T4 (partial nitrification-
anammox, PN/A)"™, PN/A SHEGHA T ZAHIL 1Y) 60% BEHFN 100% AN . AR, #%

X NH, =N i LBRFEATIR 909%~97.5%, AMF5E NH, -N LFR%H: 929 115 AHLYLBRHR S5t
7K COD HAK, SEMICHITRATRANIIE 40%0) 15 LZREFRESHHIBs R I KALEE ™ PN/A fg
FE, % 1.2x107* kWh-L ' 31580,

T PN/A T 2SIHFERRo IR, [Rltt, AN LS T RIR TS Vel i 2 i US4 PN/A T
AP EH T KA, S T oK BRI NH, -N 25 K3 T 2 b SR T, e
B AR TS5 NH, -N BRI IEFER S e

AR A2 5 S PN/A AEFEFRIAT5 IR fii i 2U TR o R, AUH S 38 45 A SR i 7
TP R2. MRS AR5 Ui B s . AR W #2089 PO, -P. NH,-N BRI Al
T5UemE LR COD ik PO, -P, NH,-N AYBRERME, Wk 2 FiR.

HNERERIR TR S AR I (3)~(7)P ),
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MMgNH,PO,-6H,0 =
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%2 &%+ CcoD &K PO -P. NH,-N HIRERE
Table 2 Concentrations of COD, PO,*-P. NH,"-N in the supernatant

FAT5 e ns A B =X CODfH/(mg-L™") PO, -Pl V& & /(mg L") NH,-NJF &R /(mg-L™")
R1 3516.6 14.6 28.0
R2 5861.0 14.6 349.7

KA Ny IRGEA RGBT SRR e A R K B AR E, me L™ N b KB AR
BB, mg L.

Nejp = Ni=N =N, (6))
X NAERRGEF KSR RIRE, mg L NOVRAEYIRCE ARSI PSR, me L
Ny A O i S A L BRI ER 2, mg L

N, =0.05(S;—S.) (©)
K S HIS ARG K BOD, JlTgWE, mg L.
N; = KgepopS'i 7

K Koo BUEH 0.14;5 S A LRGEHK BOD; JEWIE, mg L™
3, RIS KA T IR R &R 40.0 mg- L' AMIHRIE SR Z R0 (Ll 25%), COD 4N
0.68 kg-kg '(LLZFRENITE, WIETT m? {5/KTFE LIREN 2 350.0 kg,

2 HREEL R SRE L
2.1 ¥EHR

AR BRI K RS IR RS, 15K RO 2 TS K B BTG, B i ik; 75
TeBIRHEROZ N St iR, S5 TRAHERU K M 1E, FIATSUR4 NaOH Bl kb i, FyES 3
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Fig.3 Carbon emission accounting boundary and source analysis
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[ N,O %5, 5K AP IGRRIETF ALY, FHAA =40 CO, RIARRHERZEIE M. (Rl
HERCEFR AZ B LG shn i . IR TR A MR = ARHEL, AUFRTHAEREREE . PAERIfk 4257
L= RRHEL . IRAMEEFR A5 IR IR, AT A SRR IR A, TR SRR,
WAL I FE RE AT RE S

1) BRI 1K) B SRR A=A 1) CO, BEEAHBIE (8) 114, T5/KIREA ik
B R BRA Y CH,, CH, X AgmHEiE 358 CO, M) #X (9)~(11) 115, To7kAfuab s
IR B FERAA B E N,O, N,O XFhRcHERGE (53-8 CO, i) #X (12)~(13) 151,

16

E = F —
cHap = Ocn, ADGCHADkXZZA ®)

A Ecn,ap HIGTRPRAETHALIT CH, #1500 CO, HEliR, kgm™; Qcn, AWIGIRIKATHIA T, 350
m* s Fap ATH TP BERIARIE R, 60%; Gon, 4 CH, IUEBIIGIRIES, 28; oo CH, HERHR, 5%; kA
TR 55 AR, 1.63x107° t-m™; 16/22.47% CH, Frisfe b R4, kgm™

Ecu,cop = (Rcop =S X ps) X Ecy, Gen, )
RCOD = (Cin - Cout) X 1073 (10)
ECH4 = BOMCH4 (11)

A Ecm,conﬂ‘jf‘l‘é“:ﬁm%%fﬁ CH, PriEh CoO, HEL &, kg‘mﬂ; Rcooﬂﬂ‘@ﬂ(ﬁd‘ﬂtfﬂﬁm%?%[ﬁ%,
kg'm”; SOHTGAKAFER TG 5, 0.163 kgm s p A TIGIEH AN S, 0.6kgke's Ecy, A CH, Y
HER T, kgkg's Gen, WHLERIRERASIERSE, 28; Co NT5/KAMFEZRSEHEK COD 1, mgL"; CouN
15 KA FE RS KA COD {H, mg-L™'; Bo Al CH, FEAzids, 0.25 kgkg ' BV My, i CH, IBIEH T,
0.0382

Enomn = My,0 XG0 (12)

My,0 = (Nin = Now) X Ex,0 X 1077 x Cr,om, (13)

A Exo. o HEBR TN P24 N,O #1588 CO, BHEGE, kgm™; Myo MiE/KBEUERE N,O HEiE,

kg'm™; GyoN N,O EERESEHE, 265 N AT5/KAEPRSEHK TN BTEWKE, mg' L™ Nouohi5

KA ZRG K TN FTEiREE, mg'L'; Exo i N,O HEIHF, 0.004 6 kg'kg"'; Cn,om, N N,ON, 53 FHZ

Lk, 44/28,

2) AR . 15K R I FE = A Ml HE R (14) 115 157K IR IEAE = A= it HE =X
(15)~(18) T8PPI, 5K Fh REAEmRTR . ZRBERISE 25500 A i (19) 115

ECOZ,EEﬁ =K.E. (14)

K Ecopwn MWHEFEZAMRHE, kgm™; K NE&AFEHRE, kWhm™; ENHEJTHERFE T, 0.581
kg (kWh) !5

Epokg = (Os + Ow) Enk x 50% (15)
Qs =Cs(T, - T)mx107 (16)
C
Oy = lw_mv:”l‘ X (T, = T1) X 107 + Q, My x 107 (17)
sz(L— n )><103 (18)
l—Wl l—Wz

A B MTGIBUKARIAEREE = A 0mcHbi R, kgm™; O ATSIREATHETR G, GI; Ow sk
K ZE R IR B IGE, G Ex NIHHEAF, 110 kg-GI PS5 kA5 KA 55 = i R R,
1.63x107* tm™>; Cs MIGIRHINE, 3.62 kI (kg C)'; T AB/KISTRWIAIRE, 20 °C; T, Ak Tk
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IREE, 100 °C; mATERTE, t; Cyw AWKIEIAE, 42kI-(kg- C)'s w ATERATALRTE KR, 80%;
wy HTGTI TG /KR, 60%; O, M/KTE 100 °C BHATALTER, A 2260 kI-kg™'; My WIRTFbid %k
Rk, kg
Eco, zm = K.E. (19)
A Eco,zm NAFE AR HE R, kem™; K AZRIMIEFER, kem™; E AR B96HER KN T,
kg'kg's
3) BIHE . AR SEEE T L REAIAAGERT MU, AR HE RS (20) 1AL, BERREL A B SRR
Yk, PTRIHTF Rk, Hrps AR (21) TR
Ecoup = 20w o (20)
Gzt
K Eco,an MRS D A, kgm™; OQue HISTRPREIHAL BAS 1, 352 m’t'P7;
G HIBRIE, 22 700 kKI-m7P¥5 A, FiASIREE IR, 45%5; g RARTEEARALIVE, 29 300
KI'kg's Ep APRERBHRA T, 2.493 kg'kg s kK S5 T5™ BAEER, 1.63x10" tm ™,
Ecoz,ﬁ?%EE = Mmp,o; WP305 EP;OS (21)
Ky Eco, g MBE= 0 FIQB D IOBRHERL, kgrm™; Weo M= PO, BIEEL, 29%; myp,o, M
PRI, kg Epo, M PO BUHEIA T, 0.57 kg'kg™'s
A > SH /S =1 1 55, 3 NENEY S S ZH ;
0 NO W MAEIBURISER, WRE fé A ?’iifﬂ?ﬂ?f}ojmﬁ -
iﬂ?ﬁﬁ?ﬁ\ ﬁi}%’ﬁk[ﬁ%ﬂ‘]?ﬁﬂﬁ, Eﬁxlﬁjiéﬂ(ﬁfiig aole ) €mission ractors 1n dirfeérent sewage treatmen

T NO HERMIATAT BB 5 (% 3), AWHRA i
VEH 0.004 6 kgkg ' 1ERNSHAHE. BT L R (kg kg ) PEC
FERR RO B R b, 2SR AN SCrk i AO% 0.004 6 [41]
W, SACPLERTTH P M PR FIZGAE S BN ST SBRE 0.0202 [41]
4. TKANTETRA T FET ERb 255, AN CUIAES 0.003 6 [42]
[R5 AHER A B LR 5. CAS% 0.0162 [43]
3 IRHBUZESER OD2% 0.0111 [43]
3.1 FEiSKAEBET Zi
ABIFFE 5 KA BT 2 HE O B * 4 BB THIBFERZR
2 6 N, 15K ERMHECE Bt 0.389 7~ Table 4 Power consumption and chemical usage of each
0.392 5 kg-m™, BRHER 5 B Kk A TS K AL PR treatment unit
A’O BB, BRAME A= 7ETS P R AL B Be it i O] HIFE 2hjkE
AR A3 0.041 5 kWh'm —
3.2 FEKISREAERIERRELZML NIRRT W 0.001 4 kWhem"> _
1) FIAT5 IR L R1 AP FI15K A 0.013 3 kg-m" PAC

BAF . TRIATS Ve R 28 R1 AL B35 K i A0 0.134 8 kWh-m™

i 0.235 0 kg'm > Z R4
A, BHILE=ARRIAE) CODE N 6 013.4 kgo

TR R B K T Sk, e 0002 8kWhm -
HOER O RN ER. [, NaOH il T/ 7ok 100kt PAM
AAER AR I . A A e T2 BOBUK 30.0-60.0 kwhet! -
# U (14) A (R (19), SEEALER7 Y Mok 50.0 kWht™ -
HTRAMZE G (21)). BIARTSUCIIFRZS R1 AbHE R4 1 17.0 kWh-t ! -
T KR S ARRHE LR 7, SRR 50.0 kgt CaO

HEHcRE P TR B AP0 VB, EEp Ty PAERUK 238 kWh-t! 300 kgt FeCl,
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—, N = Y NEIFS % U4k SR
GRS, R TR K A TMSE%?TTﬁ”mTW“*Wﬁi*EI]_I
E&E"Jﬂj}ﬂ%%; ﬁﬁ%l‘1’%jﬁgﬁé?7§%%%iﬁ{%ﬁﬁ aple mission factors and sources o 1fferent chemica

> \ = =3 agents
BrVB A e, SRR TERIAY 5 Ve IRl —
H 100% HHEA%, 7 0.314 6 kg'm . 2] PSR/ S

2) 4TS IS R2 AR5 KB — e

et . FIARTTIRIF R 2 R2 A3 T 57K 5 o '

B TR PN/A TR, 45 H T PAM b0

FHIfYy COD {4 10 022.3 kg, a4 2 W 4HTH PAC 1.62

SRR R . SN, TRARTS T FeCl, 271 »

H NH, -N i LR T AR SR AN, TR W Ca0 0.68

K B)(7)o TR BT RTS VR £ R2 b 28 NaOH 112

Ja 15K AR R, TERIAT5 TR L H,S0, 1.40

K 30% BTSRRI ZE R2 A BEAY AR ORHR IR Hofl 23] 1.60

41 0.365 7~0.367 7 kg-m*; KEEFIATG YRR L

6 FiS/KLIBT ZHHUZELER
Table 6 Carbon emission accounting results of the original wastewater treatment process
AbH R BE ‘i%ﬂkbk/(kgio) o jjm&mw;‘;m ) i WM/ (kg m™)  BRHERU (kgrm™)
TiAb X — 0.024 1
— — 0.024 1 — —
I — — 0.000 8 — — — 0.000 8
A’O 0.020 4 0.059 4 0.078 3 — 0.1156 — 02737
it — — 0.001 6 — — — 0.001 6
CiwINE — — 0.007 1 — 0.002 5 — 0.009 5
AN — — 0.002 8~0.005 6 — — — 0.002 8~0.005 7
PoK fi — — 0.004 7 0.065 3 — — 0.070 0
REIHIE  0.0342 — 0.001 6 — — 0.0499 -0.0140
HRAEE K — — 0.002 2 — 0.018 8 — 0.021 0
Bt 0.1140 0.325 5~0.328 4 0.049 9 0.389 7~0.392 5

R 7T FRSEEARE R AERERT SRR 22N

Table 7 Carbon emissions of the alkaline hydrolysis solution from excess sludge after R1 treatment for sewage denitrification

NI4T PR [ LT BB HE R (kg m™)

AbER B BE
30% 40% 50% 60% 80% 100%
TAbHEX 0.024 1 0.024 1 0.024 1 0.024 1 0.024 1 0.024 1
BT 0.000 8 0.000 8 0.000 8 0.000 8 0.000 8 0.000 8
A0 0.265 7 0.263 0 0.260 3 0.257 6 0.2522 0.246 8
it 0.001 6 0.001 6 0.001 6 0.001 6 0.001 6 0.001 6
HIIRAE 0.009 6 0.009 6 0.009 6 0.009 6 0.009 6 0.009 6
V5 TAL 3 0.004 9 0.006 6 0.008 2 0.009 9 0.013 1 0.016 4
/B T 0.004 5 0.006 0 0.007 5 0.009 0 0.0120 0.0150
PN/AJEA 0.000 08 0.000 1 0.000 1 0.000 2 0.000 2 0.000 3
BLOBK0.002 0~0.004 0 0.001 7-0.003 4 0.001 4~0.0028  0.001 1~0.0023  0.000 6~0.001 1 0.000 0
HUK AR 0.049 0 0.042 0 0.0350 0.028 0 0.014 0 0.000 0
IRETH AL -0.009 8 —0.008 4 -0.007 0 -0.005 6 —0.0028 0.000 0
HRHERE K 0.0147 0.0126 0.0105 0.008 4 0.004 2 0.000 0

SERHEC 0367 2~0.3692 0359 7~0.3614  0.3522~0.353 6 0.344 7~0.3458 0.3296~0.3301 03146
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(O TH R, 4 R R HE R A A A, E BT b 05 —
100% B35 e/ IME 0.309 6 kgm™. & 4 HFIAx ~ oal [—— R TS
TERTRAZE R1 AT R2 ADFE T At bl ot =0
e (A AHEER]) fﬂz 031
A 4 A, RIATS IR AR T KA |
BRI, AR TS IR LG T AR HER A =
TG KA T 2 omcHER . Tl 415 e B Hlkok, & o1l
SRR, RISV 100% BEcHEL L2 9
RFIME, HFIRTEIeIRE R2 AP =AY 30 40
LTI T4 R1 ACFRR A FMeHE . Bk FIARTSIE P L %
ERHERCA R, B FUBR S asciisty, (HAETs 4 FESEWAEEZ R1. R2 MEEHLIEHHBTE L
K SZFR I FER A AR 100% BRI L, Fig. 4 Comparison of carbon emissions of the alkaline

R4S TR ] A S8 — B R RE R R 1 hydrolysis solution from excess sludge after R1 and R2
PEMIBRAE RS PIRER B, St 5 L R e R treatment
SEBA TR . TR Z 0 ] L AR e

FE, TBL A BT | ViMEbE R O
HAtpH 2, BORFHERADHE . 1200 S RULAE
3) VAT, N T A TH AR 4TS Ve, 5 _
SR TS KRBT T, AT LERHERO B 2 E Z
FRIER LR T T 2RS0T . ABESE T 15 £ ol =
MAFITAIAT . LRI R 1600 T, F - =
NaOH itk 3 600 &t . FeCl, Hibah 2 500 300 A gg
Jot!, CaO MM N 650 ot BEERHTH N ) E% =
0 0

W

600 JT-t ', IR N 400 JT-t . BIEALEN 40 50 60 80 100
TR 4 000 TT-t, T A5 TR He /%

K 5 HFIS TSR L R, R2 AbFR)E 5 FEKTREARE RL. R2 EEER T ZHAMMA
FI5 KR A R A R 5 KA B T 2 5 210 Fig. 5 The cost savings of the alkaline hydrolysis solution
WAL AILEL, SRS T 2R, FisTE from excess sludge aftteg treattI'FIEIllt by R1 and R2 compared with
VEBRAI TS K BN . RIATS IR SRR
FOBOR, R ASEE, HRERTS Jemiligiis: R2 B 2l BB T4 R1 AL A, A5
H, FIARTSTREIILE 100% RHASERAR, LRSI L R2 AL 5 K R R AR T 20524
1222.0~1261.1 7T (L 10 000 m® {57K3 1),

4 g

1) AT T — SRR IS U R AR T2 %2k, RIRIART5E4: NaOH Bl b - HIHR 380
45 ISR (R S A 2 ot I A R R A PR A PR AR R T 20 - I R Bl f LT R Pt
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Feasibility analysis of excess sludge as carbon source for wastewater
denitrification from the perspective of carbon emissions

LIU Delan'?, FENG Li'?, HAN Qi'%, GAO Peng'?, ZHANG Ligiu'>"

1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China; 2. Beijing Key
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Abstract With the increasing emphasis on carbon neutrality, the exploration of resource utilization for excess
sludge has gained prominence. In order to assess the viability of utilizing excess sludge as a carbon source for
nitrogen removal in sewage treatment, focusing on the perspective of carbon emissions, a daily sewage treatment
volume of 10 000 m® was taken as the basis for calculation in this study. A comprehensive process route
employing excess sludge alkaline hydrolysate as a carbon source for nitrogen removal was established. The
proposed process involves alkaline hydrolysis pretreatment of excess sludge with NaOH, recovery of
phosphorus through supernatant struvite crystallization, nitrogen removal via partial nitrification and anammox,
and utilization of the supernatant from post-nitrogen and phosphorus removal process as the carbon source for
nitrogen removal. The feasibility of this process was evaluated based on the different scenarios involving various
excess sludge recycle ratios for carbon emissions accounting. Considering that denitrification of alkaline
hydrolysis supernatant consumes a portion of COD, the option of denitrification directly after phosphorus
recovery from the excess sludge alkaline hydrolysis solution was also investigated. The results indicate that the
carbon emissions from the excess sludge alkaline hydrolysis solution are lower than those from an external
carbon source, with the operational cost also being less than that of the original wastewater treatment process.
Theoretically speaking, the higher the sludge reuse ratio, the smaller the carbon emission in the whole process,
with a 100% reuse ratio of excess sludge, the carbon emissions from the excess sludge alkaline hydrolysis
solution after phosphorus recovery for wastewater denitrification could reach the lowest value of a 0.309 6
kg-m™. During this condition, the operational cost savings of 1 222.0~1 261.1 yuan per 10 000 m’ of wastewater
treatment compared to the original process. However, considering the accumulation of inert substances in the
system, the actual optimal reuse ratio needs to be further studied. The results of this paper show that it is feasible
to use the excess sludge as a denitrification carbon source in the sewage treatment process.

Keywords excess sludge; wastewater denitrification; carbon source; carbon emission accounting
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