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i BE AN, B R PR R i, BB B R AR AL R A 5 AR VR TR R R 300 mg/ L B, BRI LR EON 85.51% ,
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Application and Economic Analysis of High Concentration Brewery Wastewater as Additional

Carbon Source in Wastewater Denitrification and Dephosphorization Process
XU Nan', ZHAO Jing"*, SUN Zhifu', DONG Jianqiang', ZANG Hailong’, GU Ruihuan’

(1. Qingdao Brewery Co. , Lid. , Qingdao 266071, China;

2. Qingdao Water Group Environmental Energy Co. , Lid. , Qingdao 266002, China)

Abstract The global resource shortage and the shrinking resources save space is one of the major challenges for the human society.
Resources recovery from waste or side-product of manufacturing to ease the pressure of resource shortage has always been a hot topic in
various industrial sectors. As a kind of high organic concentration wastewater with poisonless and harmless, brewery wastewater has
attracted attentions in the field of wastewater treatment and resource recovery. Qingdao Brewery No. 2 was been an example in this
study, the wastewater quality in each stage of beer production was analyzed. The high concentration organic wastewater from
saccharification process was selected as the denitrification plus carbon source in the biological treatment of wastewater and added to the
treatment process of AAO wastewater station. Results showed that, with the increase of the concentration of high concentration beer
wastewater, the total nitrogen removal rate increased, and the total phosphorus removal rate did not change significantly. When the
applied carbon source mass concentration was 300 mg/L, the average removal rate of total nitrogen was 85.51%, and the average
removal rate of total phosphorus was 71. 65% , and the removal effect of nitrogen and phosphorus was good. The problem of insufficient
carbon source of municipal domestic wastewater treatment was solved in this research, and the wastewater treatment cost of beer
enterprises was reduced as well. Therefore, this application had achieved satisfactory economic and social benefits, which provided
ideas and references for the practical application and further research of brewery wastewater recycling method.

Keywords brewery wastewater high concentration organic wastewater thermoset resource recovery additional carbon source

operational cost
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2021 4F 1 H—12 7, 3R EMUR =k 3. 562 43x
10 LMY HA] 7= A2 0.9 12 ~ 2.5 42 m® 1) MU JR
K T R K T A YR T M A e R P A IR
& Wb R G RS Ty, Hoh EES A
28 S TRETE SRR P AEARAY R A R ARG
WBR (VFA) %500 BAT R Rl A fb ik, R, mgt
TR K AL T s N A A, DR AR - A - AR
(AAO) T &—Fhy M5 K AL BE T2, 7z i
TR RIS K AL B Tk K AR B T2, HL
A BRI RBRBESCR . AT K A ML

1%, R T IR B0 E v I A BRI R BT K A BT
— I T RS FT AR IR, ML R K A R Y
BOD , i HAE A5 /KA FR 4D TR IR LA T — 2 1
AAFpEe

T I I JRE 3 A B 2 w7 5 P ) g Mg
AEN 8. 0x10° L/a, BN = i R K HEZK 54 2. 5%107°
m’/L, 15 /KHECR AT 35 170 J7 m®/a, MR /K 2 3
A I IR R, 7R ML R ) £ D IR
RS A KA K (AN [ AR 7 T HERICH 19 )52 7K
FEIK B K 5 TAFAEAR K ], BRI 1 iR,

F1 G LMWE )R AOK B oK E
Tab. 1 Wastewater Quality and Quantity of Qingdao Brewery No. 2

: . . 5 B COD,/ BOD,/ HA/ BOD./

s 5 k| ‘Hl:ﬁi IJT E—'HF pH fif (,1 5,1 /. i 5

I)_\?_ ﬁit ﬁkﬂl ( mg-]l ) ( mg-]‘ ) (mg-L ) (*ODCr
Hild  BEK & 10%~15%  6.50~7.50 800~ 1 500 320~550 8.0~20.0 0.45

W Y |

Witk ﬁi B R R HSE 15%~20%  5.50~6.50 20 000~50 000 12 000~40 000 15.0~180.0 0.75
K OKBERERIVEK BERERERIEK L 15% 5.50~12.00 5 000~20 000 3 000~8 000  10.0~80.0 0.75
AU T RIEK S 20% 6.50~12.00 800~3 000 500~2 000 10.0~50.0 0.70
M2k TSk R EALEEOK WS 30%~40%  7.00~14.00 500~1 500 200~ 800 8.0~20.0 0. 60
i HE R puRH 2% ~3% 6.50~7.50 50~300 10~100 2.0~10.0 0. 40
SHER FESE 100% 6.00~8. 00 1 200~2 500 800~ 1 800 10.0~30.0 0.60~0.70

MR PR K R o R BREE (EE E BT TE R (IR
MRS, i 1 AT ML ) Y W A RN k8
TP IEK I COD, Joi 4R BE 535 20 000 mg/L, KHK
4y TR K i) BOD,/COD,, 7E 0. 50 ~0. 70, 7] A= 1k
VEART4F , BT A F W5, B Ve SN a5 i
AR, o BEAE TR K COD,, # it e
WK B, B AR Ik 0.75, pH & 55 1R
M, KRR R, R, 25 R PR K 1R
P8 HAE S MB I #h FERN 57K AAO REGE £
JE B v K R IR R R 80 , 1 =2 A — A FH 2%
S H IR =477 1 AR IR SRR
15 70 9 R BRI 38 R A U /D MRS I K 1 Ab 3
iie
1 MR E
1.1 MBETEKLGETZ

T MU Y5 K AL B B HBE 1o 7 000
m’/d, R FH LA IR S8 P9 A B B R (1C 20 2 ) +
AAO+REIR BEULTE” S FA M A W4 T2 (I
1) A FRJE A9 S /KR 1K 30 R g K A BT 5 e
PIHERhRTE) (GB 18918—2002) HiY—4 A HERL R
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E(COD,, <50 mg/L, A& <5 mg/L,TN<15 mg/L,
TP<0.5 mg/L, &YW <10 mg/L) ., Hr AAO B
AP T 25 SRS K AL B TS R B — 5, R S
PEVG IR AT AL, LILAE IS &, LIBAE T )%
1o W B A AL R AKAE R Al kA 1

1.2 BiREENRE B K R 5 7k Ab 3B uh 7k JR

T VAR EE M K« IR 0 WP T R 4 TR b
A T BERABE [ ) b e KA S i 56 FH b etk I 128
K BAT B R AR E COD,, (SCOD, ) . i B AL BE 1AL
SR H SR B BRI TR R R SR R T
He IR F] 26 645 mg/L(#£2)

AAO RGEHKK T R IC O K R 45 T
PR A WU 7K 200 DTt PR T 1 it 38 T
FRBRIA T I , 2R AR 1C B b B S K (2 3)
1.3 KEHSHMBEMFE

ZIRE M B M5 an & 4 iR,

1.4 RWHRIFIT

1) T S0l ) V57K A 2 B AAO0 R, Hi
1#AAO ZGAE R as A4, 2#AAO BRGNS [F] o i
ofs ) R A PG P2 K A T e %o
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Fig. 1 Wastewater Process Flow of Qingdao Brewery No. 2
T2 R U R K LSS
Tab.2 Routine Indices of High Concentration Brewery Wastewater
COD.,/ SCOD,/ VFA/ HAE/ TN/ TP/
T H TR AL H
’ (mg-L7") (mg-L™") (mg-L7") fert (mg-L™")  (mg-L™")  (mg-L™) pH i
TR M R KK RE 1 39 770 31 900 23 240 71.8% 166. 5 265. 00 72.00 5.66
o VIR B IR K KB 2 47 500 23222 16 450 69. 8% 180. 5 312. 00 63. 00 5.84
To v B 7KK BE 3 73 828 32933 25 480 76.3% 143.0 288. 00 111.00 5.49
FIE 53 699 29 352 21 700 72. 6% 163.0 288. 00 82. 00 5.66
=3 AAO RGEIREIKFESEE R4 OB
Tab.3 Test Water Sample Indices of AAO System Tab. 4  Analysis Indices and Methods
B AAO RGEH KK BT (AR TSI e e BE % K ) =] VAKiIWIRES
COD,/ (mg-L7") 254 COD, ORI RT3 SR E AR A L) (HI 828—
2017)
SCOD,/(mg-L™") 206 . 3
HA ORBE AW E 98 TR 43 6CBE L) (HI
BODs/(mg-L™") 187 535—2009)
TN/ (mg-L") 25. 40 TN KT WRRER A E EAMHEE S (R17) )
(HJ 346—2007)
TP/(mg-L™! 3.30
(mg-L77) TP OKR S BE RO 5 4 R B 5 6 6 1 1) (B
VFA/(mg-L7™") 168 11893—1989)
pH 1H 7.19 VEURREE  URAURRE I KA K WA M i) (SR DU AR )

(MLSS)

JEE MRS PR K B e ST

4) e vl BE WP IR K 5 AN R ik R A LK
WA CTRAEN (T8 53 BCh 25% ) 3 3k 5 7K il N 1 e
WA R IR IR BRI 2 1#AAO RGEM B4 B
e VA B M I K e 3 Kl A B B TR A R S N
RGUININZE 2#AAO R GERY BB, X L Rh M ik
DB TN (9 5 BRACR , 5 %% v e J3E ML 1 K
L CRRENIEAT 2 T #T

2)HLE AAO RGHEKE N 100 m*/h, HH R K
JIE TR R 15 b 15 AR E S 7 d 2247, %
if MLSS 7E 4 000 mg/L, 757 [ 3 A 80% , 1C. [R13iE
N 200%

3) fe v B ML R 7Kl s T Kl P R i T
HERIMASRENZE 24AA0 RS MY EVE B, X A
() AN s VAL (v W B WAL 12 K Sk A ik T ) 4%
JIEETR TN () 2 BRAECR, DA e e J3E AU 1% 7K s
J& , A Ak TN, COD, (TP (R34 s 4k | 1 5E =51
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2 HR5E
2.1 AMBREMBERKKE AAO RFEiXI Kk
TEtRTHT

P AN (7] e B2 1 v e B A2 7K WS It A B8 S
COD,, Bk (0.75.150.250 300 mg/L) 1E Kk

WS, RS ATAL, TS INAS [R] e B2 1) v ke B2 I K
J& ,AA0 RGIR T KFER) BODs/ TN H A TS AT 1
7.4 $EEE 9. 1~11. 1, VFA ik ity R 7 st iy
168 mg/L #5188 ~283 mg/L  FUHRI

RE5 BIE RN KRG AAO RGURE K HE bx
Tab.5 AAO System Test Water Sample Indices after Adding High Concentration Brewery Wastewater
) A COD,/  SCOD./ BOD,/ ™/ BOD,/ TP/ VFA/
FE S pH i ° . ’ . o
(mg-L7") (mg-L7") (mg-L7") (mg-L7") TN (mg:L7) (mg-L7)
AAO LK (AR 7.19 254 206 187 25.40 7.4 3.30 168
%K)
AAO RAGIFR/KFE 1([COD, ] =
REELARE 1([ o 7.20 316 296 234 25. 80 9.1 3.40 188
75 mg/L)
AAO RGRIEIKEE 2([COD,, | =
REERIH 2([ ] 7.16 395 329 269 26. 80 10.0 3.60 223
150 mg/1.)
AAO RGIAH KA 3([COD, ] =
RELSARE 3 ([ ] 7.14 493 376 298 27.30 10.9 3.70 255
250 mg/L)
AAO RGIREAKAE 4([COD, ] =
RERARE 4([ ] 7.23 542 427 315 28.40 11. 1 3.80 283
300 mg/LL)

2.2 BREBBHREAKRMIT TN HER

HT P 2 Ca) PRI ¥ INAR [ 3 5 114 s e 3 P 42
K TN R BR B W . B 2(b) WA, 7S
VNI B PN i e e B O K S e B 3G fn, TN
M EBRBCR I I H . ToAM e vk B K
SF TN B2 B8R0 69. 55% , DLl H K TN F
PIR R E N 7.78 mg/L, AMIRR 5 W N
300 mg/L i, TN [1-F- 34 L Br %K 85.51% , #H L TC
SMImaRIE TN 3 LR T 15, 96% ; i ih
JK TN S B B2 o 4. 15 mg/L, A0 FC TCAMIMBR IR

30 AR
25 ——75mg/L
—0—150 mg/L

=920 —4—250 mg/L a
= ——-300 mg/L =
£15 £
1ot =

5 -

0

#EK PREAEIX BEIX R ik

2B

() A VR B2 K S I N TN ZE LR A

FEAIK 3. 63 mg/L, TN ZeBR 346 = 1Y 32 25 R & IR
DX A4 18 TR T Bl 0 R WA i B A i
P, Bt 25 1 e B R KR B (3 A6 38 K, 35 7K o e )
i YRR P e B B, DT R 1 1 B A s v e R R 4R
4 S B AR R BB T, H K TN ¥R B2 FAAIG, 35 3 T
TOU B e R 2B  H Y il AR A T
A R B M R K R BB A A UR, SRR
%, HBxF REEHEK TN Sk, 25 b mE
WAL K B B i nl DA 250 42 8 75 K i TN &

- REXHK ATk —o— £
KM 75mgL 150 mg/L 250 mg/L 300mg/L]00

0
1 90%
1 80%
1 70% e
1 60% &
1 50%
1 40%
1 30%
20%

12345678910111213141516171819202122
[ /d
(b) AS[) 3 7 JSE B TR 2 X TN 2 B (1 5

B2 ek BE MU B KA IR TN B 25 BRI

Fig.2 Effect of Addition of High Concentration Brewery Wastewater on TN Removal

2.3 BIREMERKAIMT TP BEB
FH & 3 (a) TN, VA o TR PR K B B vk AN
[A],{H AAO RS TP Wk FE AR LA FIEA AL, B
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TR KA T S AR e v B MO R K A
BZM) C1~CI8 W AR IR , FE W N LR, LR
J& T VFA A B 5t 02 — P 00 B s U5, 7T DA S i 1k
AR, T U T &R B-REET R
(PHB) , A R T IR AT 5 B

H & 3 (b)) WT A Bifi A i v B % KOS i vk
AU, TP K BR R WA W W ARk, T B R
JK S I PR 480 ik 7K TP S 2 i e Bl 3. 28
mg/L, — U H K TP F ¥ it & ¥k 8 0. 94

Tr —m— RN
6L —+—75mg/L
—o—150 mg/L
~ 5t —4—250 mg/L
ool ——300 mg/L
50
L
&
= 2L
11
0

ok REKX BEIX R Ul
vl
(a) Al v D B /K AR IR N TP AR fE i 1

mg/L, TP 34 KR FHN 71, 11% ; 0 s I8 57
WeJE R 300 mg/L B, PR 2 7K O 35 0 R
A 3.81 mg/L, UL /K- s W BE A 1. 08
mg/L, TP F-3 LB N 71. 65% . K 1 e B & /K
hH B S AT TP, IS NG AAO REEH TP K
JEw TR US NI TP ¥R B2, 72 U 4] 31, X AAO
FRGEHK TP 52 A AIG  BE A 5 R B IR K S ik
BE 2 A ThE K TP v B T i, {8 5 i 72 % 78
A 4EZIEHE N

- REHK —a ik —o- R
4 R 75 mg/L 150 mg/L 250 mg/L 300 mg/L

90%
1 80%
1 70%
1 60% 3%
1 50% 3
4 40%
{30%
20%

123456789100111213141516171819202122
B ial/d
(b) ANIR) i U K AR X TP BRR A2 R

B3 ek BE MU B KA X TP /Y KBRS

Fig.3 Effect of Addition of High Concentration Brewery Wastewater on TP Removal

2.4 BIREEKEKMIFT COD,, KKk

& 4(a) ATJ0, 76 AAO RGN, COD,, Ay L
FEAE AR IX AT, FURAE SRS X Pt A /i 2
()R [ 7RI 2 X N COD,, 22 5 IR A XA L
ASAEANA G, 43T D DR IR I P 5 0 T 37 e 4
DX PR A YR T P s R A D ) B A s S X P iR A 7
ARSI AR i RE T BRI A WL, 0t

600 —m RN
——75mg/L
300 —0—150 mg/L

—4—250 mg/L
—0—-300 mg/L

'
=3
S

COD_/(mgL™")
o
(=3
(=)

200
100
0 N
K JREIX S X X k)
B

(a) N[ vk B 2K R I B R COD 7B fL R

7K COD, ¥ 7 08 i v ok B8 IR /K e 1A I
Thes , VAU B AN AY COD,, 7RI A X NAE 5 35
AR S Ve R

FH & 4(b) AT, R R4 T e v B KA Sy
NIRRT, AAO RGP COD, HY 25 BR 3R bt 25 i vk
JEE IR 7K WA R V388 o i 4t v, 5 A e U5 B VR JE =
150 mg/L B ,COD,, B ZBR3EF] 90. 00% LA I,

B RA XK —a— I K —e— SRR
600 AU 75 mg/L 150 mg/L 250 mg/L 300 mg/L 1006
90%
80%
70%
60% ¢
50%
40%
30%

o L e AT T 20%
1234567891011121314151617181920212223
M fil/d
(b) AT e B K AR N X6 COD , 23 B 5 )

B4 vk O B KBS COD,, HRBRFEM
Fig.4 Effect of Addition of High Concentration Brewery Wastewater on COD, Removal

2.5 BiREMERKRIMIT MLSS B30
TE TR K RSNl 280 L/h TSN B
HePEly 150 me/L, LW AAO R4 MISS KU {H 78

b, 2#AAO RGAET NN =R BE R KRS 9 d 2, MLSS
B BT, A5 IR O 208 N R /K ) e e 56 12
d 2 MLSS HAFE [ E 5(a) ]; 54, MLVSS/MLSS ##
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T BTG Je AL o A AL U8 AR R, TS VR
eI HOK S
7000 —A— RN K
~ 6000}
—
& 5000
% 4000 wha
=
3000}
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1 3 5 7 9 11131517 19 21 23 25
Hal/d

(a) AAORGEMLSSZEfL fa 344 LL

A B TR AR ZERCR 1 5(b) ],

080 —&— NI K
—A— RN ek
075t
7
0.70
2 0.
s o't
& 065
S
= 0.60 ¢
=
0551
Y
1 3 5 7 9 1113 15 17 19 21 23 25
mFIAl/d

(b) AAOFRGEMLVSS/MLSSZE Ak a4t L

Bl 5 vk LM K S et MLSS 52
Fig.5 Effect of Addition of High Concentration Brewery Wastewater on MLSS

2.6 BREBBERERKS ZENIENHRIERLER

TR CREN (I 50 25% ) 3 3 75 7K 3k Y
PBRIE AT IR I RGN E 1#AAO REGEMIR
B PTEEIN COD, JiT vk B0 250 mg/L; = ik
£ PP 1k K 3 3 K Sl PN R TR B A T T R AN N R B
NI 2#AAO RGEHYIRAEL, IR N COD,, it
W BEATS N 250 mg/L, RXEFFEE T 7 d, 73 % AR
TN KR B 7K TN 3175047

WK 6 Frs , B CIARYE iR IR E 1#AAO &R
SR RE 1 (CF-34 TN Z5BR N 21,47 mg/L) kb
PRI v e J3E Y R K AR A ik R 2#AAO R G S A
FBBETT (SF¥ TN LBk R 19. 45 mg/L) W, S AH
fLRE S 29 10. 39%

—A— U MR I K

24 —o— ZTREA

2 W
22 ’\‘\./\A———i‘t
218t
i 16
Sl
£ 12t

10 L

1 2 3 4 5 6 7
mIE)/d

B 6 kMK S LTRANI TN K BR LR
Fig. 6 Comparison of TN Removal between High Concentration

Brewery Wastewater and Sodium Acetate

WE 7 7R, B e v J3E R B K AR Sl Y 1)
2HAAO RGEH K TN LI B EANAE i IE 1Y 14
AANO R G, — AN T 44.69% (3.43
mg/L) . X2 PR R ok B MO K A B B —
TN #e B | #1740 TN B4 7w, (538 fn 2 A X
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V5K AR RSk U, o AR, BT DA K TN AT
S KA B 75 YW HE AR E ) (GB 18918—
2002) Y —g% A WIHERObR I, 5 E AR TR £ IR A
FHLE , $ IO A T v e B MU 5 A W AT

A R i R K
—o— 21

.//‘\1//‘\.\/

=

)

BRE LK TN/ (mg L)
ey

(=2

[S¥]

<

2 3 4 5 6 7
st} /d

7 RN K S SRR BB K TN UL
Fig. 7 Comparison of TN in Effluent from Hypoxic
Tanks between High Concentration Brewery Wastewater

and Sodium Acetate

3 ZFFHEARSH
3.1 BREBRARERKEARBENEFHESHT

SR ) 52N G KA B A T R
VR R WAL R KA Sy A Fe Bl 5 A A e PR R B A Y, T
A ML T v A R ML P K PR B — R AR
R oK A SR i A 1, o) —F s 2
ZERNA TG KA B B IR ] o A i e 4
FEH, [ RERY TN ZeBRED, 1 v = v B P % 7K A 5L
COD., AT 0.017 5 t AR Z B4 %L COD, .
TS MO ) v B R KR B 2 T Va, TG
KA 170 T m'/a, DL 2 1R 48 5840
1 800 Jo/t 1148, AT LA /D i filk U5 R A 2% FH R 63 T
JC/a, AR R 0.37 Jo/m® , B BEFIET
i
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3.2 SiREMEEKKERNEE SKET IG5 15K A Tk K A8 AR A AN R AR
Aath
3.2.1 MRk AL BEK RS AL
o R TR K A B I B M T XS K
i KK SR R A T BRI e AR G B K
R 6 EUBEEKWETTR KK AR AR Ak

Tab. 6 Changes of Influent Indices before and after the Collection of High Concentration Wastewater

BERIREAR (R 7).

REAG, Horp
HEK coOD,, REWEH 1 809 mg/L FEZE 1 395
mg/L, IR A 22.9% (3 6) , HEAK 8t — & I8

i H CODy, BOD; TN TP
TV P K R/ (mg - 171 1 809 16.0 22.20 7.30
T MR K RS / (mg- L") 1395 12.6 20. 30 5.00
it -22.9% -21.3% -8.6% -31.5%

R7 R BRANCEERTR HERTE AL 1R

Tab.7 Changes of Drainage Indices before and after the Collection of High Concentration Wastewater

WiH CODy, BOD; N s
TR R B K R (mg - L") 19. 83 0.32 3.10 0.29
S K FIUR / (mg- L7 17. 85 0.21 2. 60 0. 30
N1 -10.0% ~34.4% -16. 1% 3.4%
3.2.2 MG KA PR FEAR L 0451
T 5 KA B HURE D 1,09 kW -h/m?, 7 040¢
Frb AAO F 55 HUFE 5 5 7K A AL FE ) 35. 39% (% ;;jjj%
8) o i FE M K WCAR S 9 d JF, AAO REHLFE =025
HIBUEE] 5 R RS (21 8) ke 0.38 kW-h/m' F 2 00}
W25 0.30 KW -h/m’, FEHEIA 21. 19, LLi5 K b ity N P

170 73 m’/a P18 WAl 5 A HL 3% 0. 06 J0/m’ , it
WE I 10.2 Tt/ a,
8 MK Ab I R G4 A TR T R LA

Tab. 8 Proportion of Electricity Consumption in Each
Treatment Process of the Brewery Wastewater Treatment System

V5 KARFE T AR/ (kW-h-m™) FHHL L]
TR T 0.14 12.8%
IR IC i 0.18 16. 8%
AAO R5E 0.38 35.3%
TR AL B 0.12 10. 8%
5 e sk 0.03 2. 4%
1K R R 0.22 20.3%
HAm 0.02 1. 6%

3.2.3  MUPGT5 K AL BRI A TG e AR AL

PREE AAO RGEFIARTTUE™ &, V5 e 45 B Bl ] 4%
HIFE 7 d 2240 BIART5 I =As i A AR 9 d FFHIR R,
RALERFTE 0. 200 kg/ (m®-d) , R A 20. 8% (1]
9), PI{G/KALERE N 170 J7 m’/a &, Wit )
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Fig. 8 Change Trend of Electricity Consumption

in AAO System
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Fig.9 Change Trend of Excess Sludge Production
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T3k 43 BT 2 K 2H A REAE, I AE SEBR A S 7K
PR AAO T2 rhoe v ke J3 g 2 K AR Ry e U5
PN, BAE T R v JEE G P K S — O 5 1) B i Ak
Wi, MAMINAR IR BT ik A 300 mg/L B, TN °F-
BIRBR AN 85.51%, 5 AN AR e 7
15.96% , H. COD, W BRI ASZ W E W, 7EM
V5K AL B A rp | A mT DL 2 R v A LT R
IKAE R AN i i e il PR AS 2 5 3500 I AR AIR
(R ) L, TR < DUBRSR PR AR,
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