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Engineering Economy and Regulatory Compliance of Brewery Wastewater as an External Carbon Source for
Total Nitrogen Removal in Rural Domestic Sewage
Xuemei Wu
Sichuan Lutianhua Maiwang Huixing Water Co., Ltd.

[Abstract] To address the insufficiency of carbon sources for biological denitrification caused by the low carbon—to-
nitrogen (C/N) ratio of rural domestic sewage, this study evaluated the feasibility of substituting commercial carbon
sources (sodium acetate and glucose) with brewery wastewater. The organic composition and biodegradability of
brewery wastewater were investigated, and the carbon source demand deficit of rural sewage was quantified. A
physicochemical compatibility assessment protocol was established. With respect to denitrification performance, the
optimal dosing ratio was determined, and the denitrification efficiency was compared with that of conventional
carbon sources. The threshold of effluent chemical oxygen demand (COD) carryover risk was defined, and the
interactive effects of dissolved oxygen, sludge return ratio, and water temperature on denitrification stability were
analyzed. Economic analysis was conducted using the life-cycle cost method, covering the cost scopes of pretreatment,
transportation, and storage. Sensitivity comparisons of unit treatment cost and break-even point analyses for economies
of scale were performed against conventional carbon sources. Under specific boundary conditions, brewery
wastewater as an external carbon source demonstrates technical and economic feasibility. In engineering applications,
the synergistic control of effluent COD shall be considered a mandatory prerequisite for regulatory compliance.

[Key words] brewery wastewater; external carbon source; rural domestic sewage; total nitrogen removal;

synergistic control of effluent COD

1355 BRACRAREMEIAAR ", — AL Gi R v i A2 R B Z B A

TR 2 U5 /K A B BRI i L i e KRN R SR WSS R PRI, (E RN B A B0 53 1 %60 B 20 & S e K HL iy
DL, 2802 B K IKIC/MERS ™4, BT AEM R ZKCOD XU HLASE s, RIS I ] 52 28 5 IS AT A g PR WU 5 TH
FICHALRIR S, AU R i AR Z, MR E kg™,

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 99




Frontier of Ecological Environment and Protection Research

AR RIS IFATS
FOLeL T HeNA 1.062026 F
YEHA WI|TE USSN): 2630-4740 / (HEFIS): 715GLO12

BRI Pl A 7 S R b el K B R A ML K, FCoD
W DL BB =, B R AR AR, — BLAR
TR P KPR N BRI T 2 85 KL E, BERF RIS K
TR A ) R AR 7, S T i R i b g s R R SR K BEA TS 4,
SERL “UAEVRIE” BRI AR

BV I TSR 2 S V5 7K AL B ) B — T 2464 T
AATHERAE ™, Xt 2 805 /K A #37 5 N BRI PR B IR 1 T AR
BrIA T AR IS A AR, RGMEIE FUE R IR, AR 78 [l S8k
WA AEAE B T 2R A5 A UL H 7KK Rk AR
5T KU B 5 S O B ) T JR RGN, RN T A 2 IS K
ABFR T TRIR AR B TR ORI LR IR R R 25

2 ERBEEKRIBFER SR AT IR

2. 1 S IR FR B KA HLA o0 1 2R RT A AL R R AE . AN
TR R A KR ZE R . AR & KGRk B
{51, BODs/COD. C/NEKC/PAL T /K, WA T AR A K
CODZ130000-45000mg/L, 255 /K CODH & F] 36200000 mg/L™

W /K [V RE A L A 76, BOD's /COD— AT 10, 54 1, 7]
HACPE R BRIGEKE & SRR N TAN (LB AP,
WEREE) , Al E RN O E IR, IS 2 Tk L. 8572. 60
mgN0s -N/ (gVSS-h), Pt 2B IR ZH (1. 72) ™, (R R /K 7K 5t
B4 i 3 35, ANRIZE AN T 2 CODIR B 25 5 ATk s, ok
PO b, RO I S B R S EA R

2. 2 S I V5 KRB 40 LG M R 1 B AL AN B BRI 7 R
BOEN. ZEAEEKEBEE WA TS B RAKI K&
W5 ARER R, HKCODRAK N & 2 X Fa e, C/NE ™ =
. C/N~ARF, TAMINBRIEAAE T INEBRRNL116. 4% . UL
THHLAE 100075000 m?/d ¥y S B 2 5K I, ¥k K TN=40
mg/L. HIKTINS15 mg/L (—ZRAWRHE) , 75 R TNZI25mg /L. $4%
AL TR E (5 £ 8 Img NOs ~-NZJ72. 86mg COD) Mz T L%
A F40(1.572.0) Y8, B HBRIE 7 SR 47 500D 24 & 411077286
kg (LL1000 m?/dit) ™, 25 58 A=l i P BB IR, Kiit e & 857K
ME LA SZ (118 8 AR

2. 3V MW BT AR A I AH <7 T (pHZZ P RE 7T B
WIS RO T VE S A D B RO RUES) o A 2P T MpHZE v
RV A P 3 1 = 5 T VP A - BRI K R 59 ER 1, (H 2 #is
K H B BB ZE MR 6E 7, Boim b — AR T 1% 3%, pH o KU
AR, 1B A7 7 M SRR B pH I A R . BRI R (SS
LA HTFme/L), EERIN AT RER N5 S r i g, TR
EFEVCE R U Mo eSS AN T, B AR I, iR
IR KR E TR T Y Tl Ak 3 38 TR L W s A% J0 B A, AR
CODXF Y /K FEM e /N5 75 T B R /K AT i 2 RBP4k 771, AR

I R HERR o
3 iR M ERBE. KRBIEITH R R HKKEE
R XURE 2

3. PR B b AU 3 B AUE SRR (LR EH/ 6 %
) Pt AR AT L o R PR A BRI b DIE P D 22 118 it 5

BB 5 H 7K COD JRUS:, BRI [ 7K J5 , TNSF- 35 BT 8 3| 1) 25 B 3
83, 0%, HiZKBERAE 7T & —FARIFI S brE™ ) 24 AL 2 Gt b
FHEBRMTFT0. 111 kgCOD/ (m® + d) (IfRAEAAE LLADO 1-2 mg/L5k
e, Pt R SR A VAR P ot 30 T 2K I AT X I PR T Y A o
HEL (ACOD/AN) NT. 1, T LA Z RN 1910, 9", BRIEA A A4
RURETE KT, BRI KA 4 BN L AT B IC/NAZE6™8, il AR
il ZBRAN TR B KT, 0 B0 ORS B2 ) i LR ZE UL 2%
WEIRZ —— CBRAVE T 38—y, N2 ERC0D M & 2™ %
BILEPEAR DG, BRI R K DA 22 419 B 2 3 R i T N AFAE, B 3L
T ” B A I 7K 3 1% 100 i 3, B2 4 7 T ST COD -5 BOD 5 S
T ZHAS B

3. 2tk sh i FE - 7K CODF BE RS B IR 3l P DR
JR K A% 0o B B A T RE S A HH /K COD T, 3t kAT 50, AR A
SAHAE AR A R B HLA B H KR, 3 RCODE bR, 453 ]
AR BRI AR B E . OB CBR5E 5 BRI A 0Y
I B A R AT B B P B TE SRR B PT RV 54
FRAk, BENSFEBL DA, 4515 B TS 2, 2 ik B U™

EHA T &N RRKE——EZEINERR T, &
Ak T S HRT P BT KB 3 0T B AR A LA 7 6, H /K CODAF &
RRIARAE (— RARRAERCOD<<50 mg/L), T A2 92X By,
XA R A /MR Ek R 2 7 LU e, 321 BL 7K COD <40
mg/L A VEBATHE M ) BOR LR, T — € Z 4 i,

3. 3RHERIBNIBAT S H (4 V5 IR IR L FIZKAR) X it
REEMEMZ EAER . 1817 S B BRI IR K55 & S0 B &R
SEVE R A MY, AR (D0) 5 H S 5, BRAIX DO
EAKT0. 2 mg/L, 75 U oL (AR S il v i E T R, 2 Bk R e
HRAM; RGEAAEDOA1T2 mg/L™ . V5 R 1R L S R AL
BB T R R B BT A, [R19A LA 5 B AR AR AN 2
T v DU T R N A SECRB DR SR SR R B, R AR K K B 5 B
Hbrsh#S %,

KRR S A AL T ZE 0 23, 4 IR (<12°C) B SeAid b
B EIRSS, BRUEFI 28R TR . 28K T4 ZMRE S
HEAK KT 8 B0 0 B sk BE, o 8 N7 2 M PN SR M, 42838 240
R LY A5 8 LI At 588 e e o

3. AT TR R A B K OB AR R e 538 4T A U Ao 2 TR
SRS J /K CODER B XU 43 H1T, WP R K B 7 28 1) T RE A0
JOLTR S LA T 2 1) SRS -

(1) 7E LR BN RS - M PE3E/KCODS5NO s - -NSEIS WA, A7
BT R AN G 308 48, SEPURRIR P50 22 B /K 0 % 3 B 3R,
FUBF A R BN RS S48 I ECoD TR (2) Wit TiAR:
JKCODIZ <40 mg/LA% ] (—HASRHESO mg/L), TEA 10 mg/L&Ent;
WK TN <12 mg/LESH] (bR 15 mg/L), VLMt /K 5 525
teppdr. (3) AV ELINNIERCODERLE LISk INE R R
BRIER, AZhY &M CRRM RS, JE 8 AR SIS 14
B o (A L TR B K B U AL R BT (i 2= M )
N PRI AN BIR IO s 25 AL o

100 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Frontier of Ecological Environment and Protection Research

AR RIS IFATS
FOLeL T HeNA 1.062026 F
YEHA WI|TE USSN): 2630-4740 / (HEFIS): 715GLO12

4 SRIERTAMHEREETELFEST

4. 14 o A W RS T AT S (L 35 BB PR /K TRAL B . 185
ARG T o KT BRI PR AR BRIE 7 28 448 i Ja) B i A
(LCC) A% AL, S REAN LU A5 BRI B Ay, T L 7 36 AR /K = A
BURHERINFI A B4 AR, AR

(1) BRI /K TRALFL AT 5 A —— G R Ui, 38 5%
WHEERANEATIN M (2) B A——sfIEE S &5
K773 (REZE B IE) RARREENR; A0 H izt 3% DU
MRS BHilE 25 kmbAA, $3770/Mith; 825 kmff5y, %
1. 576/m* < km (BRI 71 (3) BUSAMEAFIS K W A ——EAE g
WAHKFE BB ES— R TR fRIE (KBB4 E )
Je BB s (4 BINRGNHRH—AIEE. &, 830
BRI RSAE: (5) BAT WA —Fr &L E =K AT, #in&
S RGN TAE, M50 TR (205, HE 240 E
R ASARST 4T 75, BRI RAS . I AR AN I R 587 THI ) Ak
A FAEAFRA, B ¥ R RE ST B A S G R

4. 245 G5 i P BIRAE JAg JEEE PRI 7 R A SUBOTR o L« DA
M 7K Ak 3L ol A A 7 R b e, TRV R K T 1 28 5 e 9 2 LR T
T YR AS B 20T 2 AR (RS 38 /K A Dy oMk 3 34 | 7= A T 4k
BH) o 1ESEhR AR, B K AR I8 S48 in 3 F B /K
R AR, T AT R S AR E B

L2000 m /dUAE £ BT5 /K ) O S AR E . Z AN B IR R T
W k8213000 56/ I, COD4EZ125 img/L. H#MFECODZI200 kg
i, WK BRIE A £0. 670. 870/m* 5 SR BRI R AK B4R, W7k i
AFEFERIBE TR o RARURE SR, B RN
AR E——IZ MR 25 kbl A 3770/, B 25 kmif sy
$1.570/m® < km (BT T BRI K /K CODIR B i 51 £ 30% 5] il
I AR B Bl 4 15%20% ;T b B W b 3 10 B2 38 AT 2% b A
20%"35%. FR TG R K B IR 7 S BI85 R AT 1 o 4Kt ol U B 14
b A 5 R I R K (It R

4. 32 AL PRI TR RIS i P AR e B v AT

Wr A AF TS . — MR 2 BTG /K AR B )AL /N (50075000 m® /d),

R 25 RTEG J 7K B8 5 28 1 5 T A Al SRR ™, L
RN, ALK I [ 5 A (FRALBR Ot IZ %2250 1%
HESE) B, 22 TF R 2

T AR PR E R PR K BRI 77 G828 B AT AT 1 R A Lo UK
HT. s 5 R A IEMR KR, FELP T i S
(R PRR I /K B 77 SR 7K UR A 5 LR BN TT S 475 I (¥ B K
VP B) T B BB i fiskn s 2. FEREHE T
Gz . 25 kmBL L3770/, #HHEE 421, 570/m* « kmfR
M) T, Wi s BE B 405825730 ke A8 HZE1R R, WKIE A
R ZRRANRIE S BN B A Z2 80, 2 BF IR . AL, R
5 K BRIE 77 SR 5 157K B BR B B CRE % Il 725
kem DL P ) PR P37 5% r s A2 S5 s ) T B 2 i (1 izt &
B AR GRS BB SE (L I

5 BEAMMEREEXR

K FH BRI 15 K AR A B, 25 20006 2% LA A2 HEVS VP AR
BHIHICOD TNFIFBBRAA NI AT 4R, &3 fe A T EniR i L 4. O/
Bk R A% 0N “HUREIR. otk EER” =A—14.

(1) %t B IR S5 7R i 0 & A0 o A B A SOk SR M ) 2R 45,
BEHUKAKBT . $OmE . B HAEEE A s, TRRA D T5
FERT A, HEREIESIEEREER. Q) BN a5ik
o 1) BE o 24 E K ik B YA TRUEAE N, B B D)4 IR I I8 5 R
SRR — BUR AR SERREE b, ZUE R E I PR P ) AR S PR ]
TR, SRR B AL BOSR, 1E N &R . (3) AR Bk 52
YEER . BRI RGN B, AR TP ER R
L S e s AR A 2 FR AT SR P SRS U B A5 A, 04T
TE BN FEHES VAT AT iR

oAl FIRIR R, -G RS B 5 R AR R A2 B,
TRIEBRIR BT BT HARETF TR — /g2 T, BB & 72
BV AR K .

6 it

A FMERIERE . AR RS . TRRE T KIS SR04
i, FRGVFAL T AP K B AR IR T 2 B K R 5 R
AT SRR ERALEINLL (C/N=678) K& HiZ{TZ5 5 (DO
172 mg/L. #4IXD0<<0. 2 mg/L) T, BRIF P KB R 5 2,
FREAAH 2 (INEBRZE >82%) , tHAK Al A — At . £0F b, 257K
JHRE=1000 m* /d. JEHEE <25 kmb, WKRR IR BRA R 2.8
BAREAKE0% 75%, M R LA ZKCOD WM R EHE MIZ BT 2%, K
FEAEL N SIS HMpeE . R KB EKE R, 5
T “E SR ) dFRTEE 7 WA TREHES RD ) B
P12 SN TR, HRCE A F KRR IE 1T 5k
TEAHL R T R S it o, R IRBOR T S S IES—

(5% 3Ck]

(112 BT R K B, % 8 B AE 808 7 77 A4
HFFRDLAR FARE 2 5,2024,(14):119-122+132.

[2TR8 . A A B IR 58 A R AT 2 V8 75 K AL 2B ROR AR A7 101,
KB A,2024,43(12):111-118.

[31E ik, 2 B o, #h A, 45 30T 8RB R K B R B IR & B RE R
T 4 R ALIELID. o [ 46 7k HE 7K, 2024,40(9):56—62.

(415 #r 80, P, 4. g B mEFE AKERT A R
TA2 £ FI[J].% K AK,2025,44(9):87-94.

(5150 B, X 5 7, W 0, 26 00 26 B K RRAE BB O ROA AL
BRIR 8 VT 4T HELD].48 K HEK,2021,57(12):86-91.

[6]L1 J,You Z,Gu J,et al.Study on utilizing Chinese Bai
Jjiu wastewater as an alternative carbon source in full—-sc
ale municipal sewage treatment plants[J].Process Safety a
nd Environmental Protection,2025,199:107203.

EE R

FEH(1991—-), %, 80k, W@ F B A AH By B ARG AF
RA®): GHEFFK, BIBEK; SMmaiR;, FRER; A
BB W E AL,

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 101



