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BEEERERKAVIRER. LBEREFER. RFEERRK, TmEHLEESVEREERYE “XUR” B
S, ARFFIRE “RETE - HERR” BELE, WE “RAKLHE - BaIREIR - BREE” =A—1&
EBRFFEAHEARER . ERNTUCE., FE=E SR, RIS R X ENTEE D RS, S
BARFENYRESERBEEYROBREN. LRERA, BRSHET (REKBEEE35°C~40°C.

HRT38h. C/NH.20~30; fH#EIEFEIBIEE6000 Lux. COBSE7%V/v), F2E%E 21.5LHz/(L-d),

CODERRE > 85%, WMBEEHRBFE 2 0.8 g COz/gEME, M/KFEHE = 15 kg COz, ALHBA <
1576/m3. ZLZRBERREFET, NEETIEKEREELRAREEFTEARE, FELHER
YrES TREMHRTR.
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Abstract

Brewery wastewater from Baijiu production is characterized by high organic concentration, high
energy consumption for treatment and low resource recovery rate, which seriously restricts the
green transformation of the Baijiu industry and the achievement of the “dual carbon” goals. In this
study, a coupled process of anaerobic hydrogen production and microalgal carbon sequestration
was proposed, and a trinity low-carbon resource utilization technical system integrating wastewater
treatment, energy recovery and carbon emission reduction was constructed. Through optimizing
pretreatment processes, screening hydrogen-producing microbial communities, regulating micro-
algal carbon sequestration conditions and analyzing the algae-bacteria synergetic mechanism, the
efficient conversion of organic matter in wastewater into hydrogen and microalgal biomass was re-
alized. The experimental results showed that under the optimal parameters (anaerobic fermenta-
tion temperature of 35°C~40°C, hydraulic retention time (HRT) of 38 h and C/N ratio of 20~30; mi-
croalgal culture with light intensity of 6000 Lux and CO, aeration rate of 7% v/v), the hydrogen
production rate was no less than 1.5 L H,/(L-d), the COD removal rate exceeded 85%, the microalgal
carbon sequestration efficiency was not less than 0.8 g CO,/g microalgal biomass, the carbon emis-
sion reduction per cubic meter of wastewater reached no less than 15 kg CO,, and the treatment
cost was no more than 15 CNY/m3. This process breaks through the high energy consumption bot-
tleneck of traditional technologies, provides a novel technical approach for the low-carbon resource
utilization of wastewater in the Baijiu industry, and has both theoretical value and engineering ap-
plication prospects.
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1. 5|8

FE AR R E R A, 2023 F4E~ &k 671.2 J5FF, F2E-E 7000 1276, HAPU)IE
YEREF= X 5Tk 74 E 60% M= ME . 5 R ERE FE A2 7= 1 0 B A HE T 8~15 M sk FE A HLE K
H COD &% 20,000~30,000 mg/L, HAF7E BODs . SS £ BRELARHEEE @[ 1], L4 “ KA +
UM A T2 AR L BUARRHE, ZD I K BEFE 2.5~3.5 kWh. FHE EICERAE 20% FIRIT5YE
A B A i B R RO PR A R BRI [2] . BEE D0 7 AR S IR IRIEE SR EAT Mk 2025 AT IR HE
30%, “RBR” HARRANMERE, P TR AR BRIR IR B B R . R AR I A A LTS B
AL B SRR, TR [E B R R U B COL FRE I I IME AR T, AR GRS “ IRk - BE
JRIEIE - Bl 2 7 2 B HAR[3].

i HE [ AN IR R I, I HARAFE AR R KA 2 AL G T 2R s — SRR
WARZ[4], P A%. BRI SZ A RS MR (5] REA SRR A BA R, (HEx ik
FE B PR 7K R IE O A TR B, R Ge R AN B R ) S5 R0 G R Rl ;s L2 AR G B = “ RedE - BEUR”
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REY %

PR, RIS S TR E RIS 6]. B, BUA BT FEUDIT I R GUH) 2L PR
(LCA), RER-T /AT A e, HAMEE E LR A A E R stk BB AN B, S B0 i v S
YA, HI2) T T 2GR AP A -

SF Uk, BT CRERIL” 5 RS TR, MR - MRS T, BAERBES
TE AR RIBR , SEBLER K A LY 1A RS s A 5 ) v R A, R R PR K AL P55 e b AN B ] %42
fR IR K S A RGE R, 9 BB AL R R - BRI R (7).

2. MN57E
2.1. KR

2.1.1. EKESR

SEB6 BT R IR R K P )48 5B el Ak, = EK B AE AR R : COD 22,000~28,000 mg/L,
BOD; 11,000~16,000 mg/L, TN 350~450mg/L, TP40~60 mg/L, pH4.5~5.5, SS3000~5000 mg/L, C/N tt
12~18. JEAKFENRESS BT 4COKEA AR, (FHNE b B2 3Y.

2.1.2. FFEERHSREMS]

FEA B E KA RAE TS JR[9], S EER RS mE, KE 3 R B ARk
(Clostridium beijerinckii Clostridium butyricum Yj Enterobacter aerogenes), &AM LB 2:1:1. FlBEEFh
1% H /NERBE(Chlorella vulgaris) 58 i€ i (Spirulina platensis), W B H EEFZEB K AL R, KRHAKER
BG11 IR EEH; 77

2.1.3. SEIRFTISILE

SEISRFI A AT al, W HE E LR FRFIE R A E ;s SRS ERER ARG L) eEYx
MNEH(10 L) KA EE(GC-2014C). KJE D HAU(DR1900). TG /T (Vario EL TIT). =i 1% = 0oL
(H1650R)% .

2.2. SEWFE

2.2.1. BKMAL RIS
KB O 5 JEA A HAFE T2 8000 r/min &0 15 min LRI EFY, LiEHZ 0.45 um JEfH
i€, KH 1 mol/L NaOH B{ HC1 i35 pH % 6.5, 7.0, 7.5 =/AMREE, F%L pH W a4 KA A0 .

2.2.2. REF~EELE(10]

1) BB EEESR: BRATARKEME EHERIRE, 37CRERFE 48 h, HFEHN 10% (v/v).

2) BAREEL: 45 R E(COD 10,000~30,000 mg/L). i %(30°C~45°C). pH (5.5~8.0). HRT
(12~60 hyXf =& % 5 & S Al FE .

3) MARERALSERY: IEHURSE. pH. HRT NEERE, LU= Z NN, KA Box-Behnken it
AT =R 3R =K P R T 2

4) FBEMEW: SAHORESO e AR AE S AR, EERIREVE(E bR HI 828-2017)ill2 COD.

2.2.3. fEERRSEIG[11)

1) EY RIESE: KRR EM R BG11 85983, JIRIRIT 6000 Lux. JEHEFEM 12h/12h, #RE
25°CHM T EEFE 72 he

2) REEBOERCHESEY: K RE KBRS COD 500~2000 mg/L, 1 10% (v/v) s, % M
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AWES COD k%,

3) BFREMRA: H L0 TR (3000~9000 Lux). CO, B & (2%~11% v/v). & FRHC H(C:N:P
80:10:1~120:10:1)%F fak 78 A K A2

4) FEFRREI: 2241 - T LA 66 RE T E BODs 80 B e AR i, TO B AT O R TE 4T kA
R A&

5) BFERATRLE: &8 4 FTERXmba a5 FRAREGEFREL: O HEHFRH: X
W CO2 (1% vIv), TAENBRE; @ FFdl: BEEZAMF PRI T VFAs (L. IR TR, WRE
A —3), & COiBEAN; @ RAETRA: R CO, 5 VFAs, HALKMFRMIA . Bi3% 72h J5
D 5E 5 A e, T RS FRAS O AR A B SR B il Sk e S T BORIR . ROK
HEHURE E R = BRI bR — WIRACEHIR) A b, SN CO, [H e & = BAE RN
i — PEK A JoHLR e & .

224, BEREIZXH

1) BERGHERE: W RAKERE - AN FHERG, AR5 SLA10L.

2) TESHAR: WEREBGRE 37°C. pH 7.0, HRT36h: i BOGIRIRE 6000 Lux. CO, i~
& 7% v/v. C:N:P 100:10:1.

3) BAEIBITER: RGESHEIT 30 K, FHENM~EE., COD LR, M M ESIER.

4) BphdiAATES: K COD #7HE 30,000~40,000 mg/L, 4EFF 4 h JE Pk EH#EK, Wl

2.2.5. &FME S EY RIS

1) SFrHE: WERSWE . WKFHFE. BEIRMFES AR, 15K A FE AR 5 45 5% RIS .

2) PTG KA GRS (LCA)Y I, BE T2 E SRR

3) RREFESM: BT LCAES, REARHEMARESHHAER: © BMAGE: IARRIRAR
FEGETHE S5O0 DiPkRERE(R AR FE S AE R M 2s ) N ORI AEFEOLAE YR M 2% LED JiR). &
OV REAE (R EA R B 0o L), W A TR Sig TR AHE, @ MHftE: AAVEE T A ESS
SARUHERE 12.74 MI/m?® e 50), AP RE (RS T 7 B S O 2 FVE 20 MI/kg e 5D): GTHERER
ELAEL i HH RE S\ fE ) SR RE R G BE R - TN RE ).

4) XtHAHT: 5164 “UASB + SBR” T ATEACHERRAS . BRIEHEBCR S )5 THi#E47 % EL

3. RERERKCER AL MRREE

3.1. BiERRIEE KRR AR Bk

KA T - PRS- WEERE B - SHIRRI A IR R R4 12]:

FIB R K — TRAL B (pH 7T [ B —~ IREAUR B = S (A C/NL HRT)— KB — T [ e i 7%
Ot I B %) — B R GBS o i /K ) — H KIS bR 5 K IR

HAR BV

1) BUGEBYB[13]: @id B Oad g LB K TR, KA NaOH/HCL #15 pH £ 6.5~7.5.

2) REFEYB: M0 A BB Clostridium beijerinckii), £ CSTR/UBF J B 3% 41 & B[ 14],
AL IR E(35°C~40C). HRT (24~48 h). C/N H(20~30)22 %,

3) BRI B[15]: B IRE KBRS HIRE, R BEE IR CNP £ 100:10:1, 7E
FeAEM N % S SRR, A B IR B (5000~8000 Lux) CO, S 5 (5%~10% v/v).
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4) BB MR R R G E IR, JEE R R B DURIR LS CO iR, Bl
JeE BIRSRFIE, RIHEVIFR R AR S MmO .

5) BB BL: B OBUKBGREBOF TSRS ER A HS KA DA AR HER -

6) RGMAL: HEIL WM EERSM MU TZSHA G, WIKARG b Awie s, @ TEVERENE
k%o

3.2. AERERKAERIZE16]
B PR AL B AR I, i 1 R

pH VA 15 :

NaOH/HCI i %

) 6.57.5 U e it
e g | | ERAE: B/ ‘ g | Jﬁﬁ@ﬂﬁz. Ui
HREREEN ) |ttt i

NOHI i % 6.5-7.5

. ~ SRR
4’[ e 2 SR RER PR IE '
35-40°C, HRT 24-48h,C/N
FE;Clostridium sp. 4T:CSTR/ABR [ [/ 2%
k2030
———
T p N ~ 7K A :COD
RE KRR SRk S
: B Sl TN. TP iAkRHEL
v VR B o HE ik
s || TEOR so00-so0o | | UK ok 5 AL
H - YR
BB - R (it P T T
Fih Lux CO, J# B SR BRI T R
(C:N:P=100 e = il » :
- e ) e || B Gt G
s Sy € P /A B

Figure 1. Process flow chart of baijiu brewing wastewater treatment

1. BBRRERKLIERIZEE

4. BRESH
4.1. BERKFCIEHR

R KB 0 - e G, SS FMik 92.3% + 1.5%, AN [E) pH I 5 5 o PR A2 S A S0 T
1A 2 Biose HJTUACHE pH N 7.0 IF, JREFSEFRIA 1.12+0.08 LAL-d), SSLEEN 90.5% + 1.2%, ©&
=T HoAth pH BHFE(P <0.05); pHAKT 6.5 B, P BEBEMZMEH, PEEHEE 0.76 £0.03L/(Ld); pH &
T 7.5 0, PRARCERSA TR, nTRES A AR IE BN BRI [ 17]. Bk, #e T E A pH N 7.0.
4.2. RS I ZHMUHER

4.2.1. PEEIRER
1) YIRS : iKY COD IR & X IREF= AR L7 2 & 3 fiTzR B KA COD K% M 10000
mg/L $2TF % 25,000 mg/L, PR M 0.85+0.05 LAL-d)Z#H THEZE 1.38+0.07 LAL-d); 24 COD W JEF i
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Table 1. Effects of pH adjustment gradient on anaerobic H, production

= 1. pH ETHEE X RE /= SRIFAT

pH 1 PEEL/AL-d) SR (%) W58
5.5 0.76 +0.03 88.0+ 1.0 B R A ) 7 L R 1
6.0 0.88 +0.04 89.0+0.8 AR pH TR Z LR T
6.5 0.95 + 0.05 88.5+0.9 FE A H IR E)
7.0 1.12+0.08 90.5+1.2 A pH, PR
7.5 1.02 +£0.06 89.8 1.0 B P A 5 OO R
8.0 0.98 +0.05 89.0+1.1 A AR A ) 7 S 1

1.4 92

1.2 '1‘ 91
T £y 0 g
= 038
= i 89 %
5 06 r
ﬁ 0.4 88 Il
0.2 87
0 86
5.5 6 6.5 7 7.5 8
pHIE
AR IME (L/(L - d) SRAEYHE (%)

Figure 2. Effects of pH adjustment gradient on anaerobic H, production

2. pH FTIHE B X R E A~ SIS

Table 2. Effects of substrate COD concentration on anaerobic Hz production

F 2. k¥ COD RE N RE~SRIFN

JEEY) COD ¥R J& (mg/L) FEEER(L/I(L-)) KRR E4518
10,000 0.85+0.05 R FEBAG, 7 E AR
15,000 1.05 £0.05 PP BERYIK ST K
20,000 1.15+0.06 HEN RO EX (8]
25,000 1.38+£0.07 WEHIRE, AR RS
30,000 1.08 +0.06 JERIR L = S B R SRR (pH [ % 5.2), AR TR

25,000 mg/L [, FRER TFRFEZE 1.15 +£0.06 LAL-d), ATREREREAIY SRR RRLEH 2 5.2),
Hlr= A AW 17]. Bk, EEMEY) COD A 25,000 mg/L.

2) REEEM[17]: RN AR 5 AL MR W2 3 FEl 4 Fis, 35°C~40°CHE Bl A =S A5
&, 40°CHI P EFIA 1,42+ 0.08 L/(L-d), E/LEEEN 92.3% + 1.0%; EACT 35°CHF, AR HSE
WS, AN WS T 45CRE, PRAE B M2 AH], AR R E BR(P <0.05). X5 Clostridium
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Figure 3. Effects of substrate COD concentration on anaerobic H, production

&l 3. K1) COD REX K&~ ST

Table 3. Effect of temperature on anaerobic Hz production

3. RENMRES SR

HEE(C) =) SR (%) Bt ahie
30 0.95 +0.05 88.5+1.0 BRSPS R R 218
35 1.32+0.07 915+0.9 HNEEREX ], R EERA
40 1.42 +0.08 923+1.0 BRE, FERCR R
45 1.18 £0.06 89.5+1.1 R, EREEEIE T R
50 0.85 +0.04 87.0+1.1 e it 7 B A1) P A AT
1.8 94
16 |
T 92
= 14
T2 L 90§
= 1 ™
g ! 88 o
%Tr 0.8 mﬁ:‘
W 0.6 86 I
04
84
0.2
0 82
30 35 40 45 50
B (°C)
LR IME (L/(L - d)) SR LE M (%)

Figure 4. Effect of temperature on anaerobic Hz production
4. BEIRE~ ST

3) pH MBS : pH X REF AWMU 4 A1 5 B, pH N 6.5~7.0 I P2E80 R e, pH 7.0
FAARIL 1.45+0.07 LAL-d), E/S40E N 93.1% £ 0.8%; pH KT 6.0 I, FoEm G832, 74
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REY %

HPEA 0.68 £0.05 L/A(L-d); pH i1 8.0 I, FoEKEEBEA FFE, nIAe B IA 52 82 r= S s 117

Table 4. Effect of pH value on anaerobic Hz production

= 4. pH MR E~SHIF0E

pH 18 ()] AR (%) ¥ 51
5.5 0.76 £ 0.03 88.0+1.0 T e B ) 7 S R 1
6.0 0.88 +0.04 89.0+0.8 PEERERE pH THR IR T
6.5 0.95 + 0.05 88.5+0.9 FEEE H IR E)
7.0 1.12+0.08 90.5+1.2 wAR pH, PR R
7.5 1.00 +0.06 89.8+1.0 PRI OR F BUSR R
8.0 0.98 +0.05 89.0+1.1 B A B ) 7 e 1
1.4 92
1.2 91
T 1 90 8
;;: 0.8 o %
b 0.6 r
f 0.4 88 1
0.2 87
0 86
5.5 6 6.5 7 7.5 8
pHIE

— R (L/(L - ) e R IIE (%)

Figure 5. Effect of pH value on anaerobic Hz production

& 5. pH EX R &~ SHIF T

4) HRT KBS [17]: HRT W REF R AIE 5 A 6 fiax, HRT M 12 h SEK % 36 h I, 77&
FM 0.72£0.04 LAL-d)FRTFE 1.51+£0.09 L/(L-d); HRT @il 36h 5, AR KN, HRT48 h 4
N 1.53 £0.08 LA(L-d), HERNMIEBCRE A, #fixiEH HRT 24 36 h.

Table 5. Effect of HRT on anaerobic Hz production
= 5. HRT MR E = SHIF/0

HRT (h) P (L/(L-d)) A4 (%) b4k
12 0.72 +0.04 87.5+1.2 PSRN TS A, AR T O P
24 1.20 +0.06 90.0+ 1.0 7S R A B N R A 25 AR T
36 1.51+0.09 925+0.8 Bl HRT, AW 5 A
48 1.53 +0.08 93.0 0.7 RIS AIE A, R KEse
60 1.54+0.07 932+0.6 MEIRFHIEEAR R 1%, &5 N
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1.8 9%
1.6 94
14 o
T 12
— —
S 1 0 g
5 038 gg
W 0.6 &
B 86
0.4 ®
0.2 84
0 82
12 24 36 48 60
HRT (h)

R E (/L - ) e RV (%)

Figure 6. Effect of HRT on anaerobic Hz production
6. HRT 3 R& =~ SR

4.2.2. W EKKLER

i it Box-Behnken B iH5 EIASM T, E ik Z AR =0.9786), i€ RE™EAm L2535
N: ¥R 38.5C. pH7.1. HRT38h, ME =S FIA 1.58+£0.09L/(L-d), SA4EN95.3%+1.2%, S5
TR FRE TC 2 35 22 7 (P > 0.05).

4.3. WERERRFEMMULER

4.3.1. XEHER Y SROEMTFE

R EER COD KRN 1000 mg/L B, /NEREEAE ) REIA 2.85£0.12 g/L, COD ZBRF N 88.5% +1.5%,
B Em T HARERR (P < 0.05). /NERIER AR S E KRR (0.85 £ 0.04 g CO/g L) 3 & TR iE
FECEYE 2,12+ 0.09 g/L, FEBRBEE 0.68 £ 0.03 g CO/g AEVIE), PHIe /N EREAE Ay [l 5 1 o o

4.3.2. BHAFHRLER17]

1) JEHEBRBERI: 6000 Lux B /NEREEAE V&5 BB &M, 73308 2.85 £0.12 g/L 5 0.85 + 0.04
g COy/g AEWH:; SUIESR L 6000 Lux I HIFGHIHIEL AR .

2) COBSREHM: COESEN 7% v/v I, /NEREEAEY) &5 B BSCR wih, 7518 2.92+0.13 g/L
5 0.88+0.04 g COx/g AWE; CO A EART 5% v/v i, BRIFEAERGIHEEK; CoOBRERT 10%
viv IS, ERE CO, SEUGE FRAE pH TR, #HITED A EM . B, #iEid s CO I EAN 7% vive

3) BFFELH: C:N:P 4 100:10:1 B, /NEREEAEYIEIL 2.95£0.14 g/L, [ 0.90+0.05 g CO/g
AP CNPAKT 80:10:1 Bim - 120:10:1 I, EFRKM SR AEK NG . KL, #eid s FRi L
N C:N:P=100:10:1.

4.33. REEFRER T SEHRRKIES
AN E FRBE A INER T A P AR R STk LL Bl a6 6 s IR A B FR A A B i (2.95+0.14 g/L),
BEETIHABEIFRY0.72+0.08 g/L)5HF#4(1.05 + 0.06 g/L) (P < 0.05). Yoo B IR A m AR B
TIRREL BN 58.3%, IR aRTTRk LBl 35.6%, FI4x 6.1% AR xC it b A0 2508
WA M 45 SR R, TRAE AR ERE Y 0.90£0.05 g COy/g LW, Horb i & K h TS HLEE K
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REY %

A5 9 32.2% (0.29 + 0.03 g CO/g W), [l e AMNEIE AN CO, LI 67.8% (0.61 £ 0.04 g COY/g A4
B, X—SEREW, NEREERAE FEN N F BB LS B FEEEINE CO,y, [N R R R T
WUBRIEREAT S A, S T IR /K B -5 AR CO, 1 B[R] [ 5 o

Table 6. Contributions of different nutritional modes to chlorella biomass accumulation

= 6. TR N R A B Y

IR EWIE(g/L)  TIEREEBI(%) [EBRE(g CO2/g LWE) [ e SRR 5 L (%)

NN

e AR 1.72 £0.08 58.3 0.52 +0.03 HNJE CO, 100%

Photoautotrophy
I 1.05 +0.06 35.6 0.29 £ 0.03 JRIK TEHLE 100%

Heterotrophy

VELA

/F'.“ n e 2.95+0.14 100.0 0.90 +0.05 AN COz 67.8%; JRIKTHLER 32.2%
Mixotrophy

44. EEBEIZEITHR
44.1. EEEBITREM

a RGEELLIEAT 30 K, PRARYERTE 1.52~1.58 L/(L-d), “F¥IFPEE N 1.55 + 0.06 L/(L-d); &'~
S FAETE 94.5%~95.5%; COD R ZFIHAEARFFE 85% L I, “FILERF N 88.3%+1.2%; Hi/K COD<
100 mg/L, TN <15mg/L, TP<0.5mg/L, i3 & BARASAEE THlKYS GYHEsbniE) (GB 27631-2011)
— it
4.4.2. IpELTEREND

24537k COD 23 HI4RTFZE 30,000 mg/L. 35,000 mg/L. 40,000 mg/L I, RGiF~A %5 COD % B%HME
B RBE, 1B 24 h WAl TRE ERa5E K fE#EK COD 40,000 mg/L I, PR HRACKEE 1.25+0.07 L/A(L
-d), COD EBrFRIKIEZ 78.5% + 1.8%, R ARFHLAEBIRMPLITE AATHE S -

4.5. ZFMS5IENE TS

4.5.1. EFMsHh

A T2 RIE AN 45 o FEEE 10 m¥/d), WIKBEE A 4500 78, BTSN 5475 Ji7t,
WK AL A 15 78, 8 T144 “UASB+SBR” T.25(22~28 Ji/m%). A EL) 5.67x 10°m3, U254 5.67
JiTt: ErTER ) 3.65 x 103 kg, W4y 18.25 J376, SN 23.92 57T, #HERIBUHA 1.9 4.

4.5.2. BRI H(18]

A T 2MKEEFE N 1.1 kWh, BBRFEECA 1.18 kg COx/m’. HBRIFEE AN 16.215 kg/m?, HibEA
B KIRSIRHE 14.415 kg COym®, T BRI HE 1.8 kg COy/m?®, 1#BRIEHER A 15.035 kg COy/m?®, BiIK
HE%IL 93.4%, REMTAEG T2(2.5~3.5 kg CO/m’).

4.53. £ HEARMTNLCASHERFEH I
BT LCA MBE R PHEIZE A RWE 7 Bk, REMUKENGER ST 8.62 kWh, A n#kaese Sk
BE(44.7%), HIRNANTCIRAERE(29.5%); it A Bt 7.95 kWh, HAPESHVE 53 5(85.8%), #AE
VIR AE G L 14.2%. REELLAE A 0.92, 1HAEEN-0.67 kWh/m®, RHIMHT T M BEENS & T AEE .
EF0p e N U IR R, JE ek M EFE: © FIH AR TORR: 757 /e BEiE LA
VIR Ri#s, TR 60%~70%1 G EREFE, TTHE/DHIANGEE 1.52~1.78 kWh/m®; @ Al R e IR
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TR : SR F JR &R O/ 2 5 R BH B 4d BN 34, wT A 30% A IFRERE, T/ A BE & 1.16 kWh/m®;

@ BERELBCERA: KA ER D BSHEAR, v 40%MIGEREFRE, Tl HAGEE 0.40
kWh/m®. ZEAMIAL)E, T EFRER T2 TH £ 0.51~0.87 kWh/m?, SZHLAER IEF47. Bb4t, FWHZ LT
S0 E N AR B AT R, R I v BOID AR AR [ W (AR S TRDRNAS I AR 55 5 I s HE R A B
IS - 23r i, RIS 8 s B R A, B A& SEhr s FAME

Table 7. Energy balance calculation of the coupled process (per Cubic Meter of Wastewater)
#7. \E I ZREETFEREMEK)

RE A H{H (kWh/m?) i Eb(%)
N AE
TN REFE 3.85 44.7
ARG 1.23 14.3
NG RERE 2.54 29.5
BB RERE 1.00 11.6
MWAREE ST 8.62 100.0
i REE
SAPE.58 LAL-d) x 12.74 MI/m® = 3.6) 6.82 85.8
FEAEYRAL(2.95 g/L x 1 m3 x 20 MI/kg + 3.6) 1.13 14.2
i REE ST 7.95 100.0
it B2 LB (R HH /TN 0.92
HheE Gt - M) -0.67

5. i
5.1. BETZHEREFSHSE

1) BERBEEIF: B RETESHEE R TR, WAL HE RS, KE R &
AR 19], REERRARBRIE G AR K, G 1E B RAE G RS, REREFEFFME 60%
PLE, COD BEEAZEM<20%I2 T+ 2>70%.

2) BEIEUFEINIHICIHT: Tkt mL = S oAk S S e, AR S R R P R R DR B R
EREA NI SRS VFAs, VFAs TENRIGEMR TURRIR[20], A 1E =28 p s Sk IREABUH
MU AR, TR RTEHR, COD LERFARETF 15%~20%.

3) HuBREFSHER TR DU K R COD. (RBRE LA, ek itk TE 5%, K
B C/N HE(20~30) 518 B FRBC LE(C:NGP = 100:10:1),  ALFRACER ELIE I BLE AR R TF 10%~15%.

4) &ER 5 BEIEAL Y F BT 8 S0 RIS T [ B SR Dk AL, T 7K B & > 15 kg CO,
WIRHERIE 93.4%, [FIRTES 5 38 1 PRI A 78 a5 A B AT, SEIL “AbBRRIA =7 MIPEIR 2 5 AR
[21].

5.2. XRERARMBSBRGR

1) EARVYREIPHIF=ERER: K W Bzl P B COD K& Jy 25,000 mg/L, ik i e
AR (Clostridium butyricum), WSINEKIRE NG 4EFFE pH F2E 1L 6.5~7.5, A BRG] .
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&

2) R SWEAKERERR: FRBRBIE COD 1000 mg/L, #h7e%. BEEIREIAT CNP &
100:10:1, TR w5 ML (R /NERTE, Fxt VEAs FRTR 32 % B 2 @ FE A 1) 2~3 17

3) BERGBITREMNZ22]: KA FM P A(SBRIEITHRR, HINMESEICEFS . Mg>)
PERERE R P AR, DUABIR (12 h Jel8/12 h 2BHS), J/b iR

53. T2 RSRE 23]

1) DR TR e 30 Jod i R B A 18 3 L 1 0 e VR T U PR RS 1, SR TGRS VFAs
i 524 15 [ Bk

2) WAL : IR IE T h/NIURE T N R A B, PR BT A 1 M I

3) BRI SRR R AE RIS AR (R R R AL e R, 3R
FH T o

4) TIWARIE: 5 A TR 10~50 mY/d BB RS8BT T & MBHLIZITACR, Hi3h
TR .

S) BEREMRAL: AEHE ORI . SRR TS IE AR B AR BAR, B TR A B &
T2, SISHEE 6.
6. Z5iE

AW TR RS KA HUDIR B . AEBRRERE R . SRR SRR S inl B, M T “IRE A -
R ” FE T2, PR R REL R

1) HETRMAFLETSZ: .0 - ST LB 92.3%K SS, pH T E 7.0 B RE = SR i
i REF AR TS HONIETE 38.5°C. pH7.1. HRT 38h, A KA 1.58 LA(L-d), &4 N 95.3%.

2) i HIE BB SR R /BRI PR T I RV T M e 8, e R 7R 2 e
HE3R)T 6000 Lux. CO2 iS5 7% v/ve C:N:P=100:10:1, fEEAEYIREIL 2.95 g/L, BN 0.90 g COy/g
P RGE TR, hE B IR YRR R DT LGB 58.3%, FIRBLN 35.6%: [EBKIE
HNIE COs 1Y 67.8%, TR TCHUBR 15 32.2%, LI T 22 BRI 1 = R 5

3) BETEEBITREEN: HLLIE1T 30 K, COD £[E%E >88%, AR YERE 1.52~1.58 L/(L-d),
HKOK Bk B — b e, R G0 B A BUR P £ e e

4) TZEARENETEAREMA: MK AN 15 70, HutEHZ 1.9 45 WK G Bosc =
1% 15.035 kg CO2, BRIFHEER 93.4%, SEIL TG4k, BRI IS itk b RIS 2. LCA e & P4
SNTEIR, A0 T 2R RE R N-0.67 kWh/m?, JEIE BRI RERIL SICREFER AR BT SL Bl RE &
AT, HLZR O AAE T A =4 [ S B, B4 S Br S F AR (8

G L 2T T AR5 AR B AR, Oy P SR R BRI T AR B AR . Rk
I R TAR S BB BT L OB s AR F 2 A /R VG SR NI T [24], A B — DA T
ZYERe S HET I, A TR KR . IR SRR S % .
& H

SRAF AR Tk 22 B (/8 R B R AR AN I G R H J6 4527, A9 TH 48R CAmNER
PR AR IRA BE S BRI AL PR S R & T 20) (W H %5 : 202501016077); HERHTT 4t 2 Ft
5 R TR A A SO S AT RE SR R R AR O AR, R R CRRRH T B 7R B RS Y i )
IS CIRGE - ERY - PO IR T AT) (WH SRS SY2025Y09).
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