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/K @ 7 ( Eichhornia crassipes(Martius) Solms
Laubach) XFRRHRE . K46 VEKANSE, JB AT AER]
RIEE, SRR, P 248 AR T K AR B A
Yo AHCRIEFUR M, K AEAH i B 77 35 (K
PR, AR CHRURD Alik 750 tvhm?, W& #4T
BrSE R, AFAYENTIE 13 500 thm™e ZKET AR K
WRBEY S M e R T IERP, TR, s
BRI . VLI ORI IEAT 1 7K P R AR 4 ol M e
FE, AN 2010 AL 75 48 K W0 Bk Bl 5% RS A 0L 2 T
1667 hm*, 7K 25 1) W8 AL FH R T H i 7 8 e 1) i)
L

TEAAT BEYE H 23 ORI 4K, AR AR IR B T R A H
2] 7 H AR E R ER, AKE R BRI E R B2
BRI 1 OGER . KA RAF I PR R ISR,
[ A E (total solid, TS) =& 1l ik 290~640 mL/g".
T /KE A Bk Em, R, BN, 5E, il
DR R B HUBHR A, FLR b 28 I b g, x 2 it
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FUAE R AE A L. IR AR A R T R T K
B TAECT, (HRLE T 2B, B, bR
Ko WML FF, BEREE SRR, #%A,
BRI AL RS, H ATRHIZ AT (AL T BUR )
(RS FE T, 90%H K A S Al 1T 21,
I 85 s g ke A 7 K R vy, S B % ek
AL A 2T B MG I , K 2R B )
Al LGRS E IR K F P, A E (COD) =
ARTTIE 312~332 mL/g!' M, SR RIFI IR KB,
TP IR 5 (continuous stirred tank reactor,
CSTR) JREAKEENS, KM 2.5d, BB
Faik 1.1 m*/(m>d) ", CSTR S 3 8 v ()35 £EAE F 7T A
ISR S kL2 TR T AR B H e PR LA A
PR, S A R AR T g v g,
HHETA WY H CSTR T2 FAH 4 A /K 3 2 1 AH ik
1, TCVEREAT M 5 LA U A 1 Ok S R K 7 [
B S TRA B i LA 2 ik S0 B v b DR AR R B R
BRI PR RERCR . FIRG B ERE . NIk, ARSCRH CSTR
TE, AR . AKH R AR R B ISR T 3%
YHEAT IR ST, DAY %t K B P A v R SR R B )
FHEIA, AT A 7K 25 PR RIS AL A FE B (A 4 R g 5
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1.1 RIEHH

KA WEVLIEREE 2 S YEKHT A HERIX,
WCAE S5 (/K #7 ek MMI12 BIZE AR O 4 Ll =F AR 1
SHlMARATD BE, BNKFER RS, &H.
MR H P A e b s U, BERITZE 35°COKit 4
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EF HARMRAL 3d, IR IIIEREE T 8 #HbikE, JLIRARE
HPER I 1.

AT BT BERL (TL R4 T ]
MORBHU B ) ) K, 2t SHI-400 ARG i

W B T BRI K, K VT AR AR L2 2.

A ML ) HEA TR, SRR
W (MLSS) & 9.74 g/L, 5 KMt B Y i &k g
(MLVSS) 4 6.80 g/L.

=1 KEEFERELMEIR

Tablel Phsic-chemical characteristics of water hyacinth
%
PIREEi R/ 247/ ISYiiRES PR A SA LR A A LA N PLFER A
1 1~16 6.94 5.79 34.52 3.21 0.38 3.56 14.24 27.71 10.16
2 17~25 4.7 3.76 34.45 3.39 0.60 422 17.44 25.05 8.44
3 26~50 5.15 4.14 33.38 2.34 0.76 2.74 23.95 22.79 7.49
4 51~60 6.14 4.97 33.87 2.77 0.32 4.31 21.93 26.59 7.80
5 61~81 6.45 537 35.30 2.48 0.57 2.33 20.03 25.40 8.85
6 82~92 5.77 4.52 33.74 3.20 0.34 3.96 16.45 21.97 17.63
7 93~113 5.95 438 32.52 2.31 0.41 3.84 12.04 24.44 12.11
8 114~125 6.31 4.10 29.27 2.32 0.86 1.87 14.11 23.61 14.81
e BRI SR 0T
®2 KEEITHROEBIER
Table 2 Main characteristic of water hyacinth juice
BREVREKE /gL WRMRFURERLE /gL EFEEIERE /el BEERE/ L BEBRERE/L  BEER /gL
14.69~21.18 721~12.16 11.9~18.9 0.60~0.65 0.08~0.09 2.38~2.58

1.2 REERE

MR K 5 GBI T R 5 s (R
Wit T 2 BRARAPEE CSTR Vs (1) o RV
R1 T REEFEEAHT R, ik 1a B, AR 22 cm,
B 30em, BARL114L, TAERBN 82L, AHLBIEH
B, WERE, HFKGGE, BAEERES, P
B, PR AL S TRITOC, TR R s
75, BERIOBEAMIIR D, BEEIOEAAA 10 em, KA L
TR NIRRT 5 RN R2 T RBEKHI AT,
WK 1o fin, FARN 20.5cm, 40 cm, SAAR 132L,
TAEZRBN 105 L, AHLIBEM T, BUERE, HTKHE
PR, R ) R, 7K Py 18 b iR 3l 2R A S N A i
HERL,  EIHURL, HHKZE 0.5 h BUIESS,  BIGE & TR .

3 I I 8
6 8 155
= I a7
— & Jcxh 4
20 U 4 =S
e
fS— sea—
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e [ [K]7 —
[i=:s]| E;:§6

a. K R RV b. KEIFTT R2 A
LoKRIERT 2. KT 30 BEEHIL 4. BERERD 5. mRm 6. bR
70 R 8 SRR

B 1 waeftiire X (CSTR) R EEMHE
Fig.1 Schematic diagram of experimental continuous
stirred tank reactor

1.3 RIeAHx
1.3.1 K PREKEE BHHHEAT
R TFEA N IR SYE 3 L, FA 5L COD A

5000 mg/L HI7K# v, 9L SR A s Te . 7~
REWE, JFREsRbR, ok, REREEHE 1k, &
T LA S N 28 B R TN R PR (VS) [
Fono B, AKEH A H BB 0.5 kg/(m*d), 75K
wHREEE, BUREIER AT, REERAMmEREE
2.8 kg/(m’-d), [N EIE LK IR T i, K i RE
TRFFAE 35°C, RIFREESEFE, B0 10 r/min,
1.3.2 K P HRBARBN BHLEAT

W TP WER AR5 3L, FiiA SLCOD K
5000 mg/L FIZKE T, fer g G, FHaaiEstitel,
Bl KE TR AR, AR LA m® S SR
FIRNEIA T A R (COD) R FRoR. Y], KHAT
£EH PR COD fifiihy 0.5 kg/(m*d), FSERGEE, BF
PR AT, AR A 6.0 kg (m’-d) i AT, X
N SRR K AT L, KR PRERAE 35°C, kR
6 h HikE 1 I, HEFEAIE A 10 r/min, ARXEEFE 3 min.
1.4 SHIESMNERZXE

BAARIREE . FERPEARE . BIRYIRE . PR
BTFIIRIE R T 1% pH R pHS-2F 1R
FETHIAE » Fe 5 B R T GC9890A/T < AH (A il A & ; COD
Me KM GB11914-1989 J7i4:, KM ZEMEN R RA
H]ZEP7 1 HCA—100 A34E COD (Cr) Wi 2 HE1 TI05E o

2 HR55h

2.1 KFESKFEETESERBRAG LR
K& 125d WIZ4T, VS Hfr B #iiem 2
2.8 kg/(m’-d), AL JFURL AR BE A BT AR AL
mE 2 frs. IBATERERW, AR AR, RNV
B AT IAT WL I, AR AR B D N (] 2a),
{Hig 47 Z e 2.8 kg/(m*-d), PSRBT s, Xl
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REE RGN I A A —AE NIRRT RS th T 6
7 FIZAT 3 ANREERKHT A RBOEA TR, MR 2=
SR D, g TR, B 2b £, BEER
MU I s, KT I RR =SR2 R R, X2
St T RERHEI N, AT AR N A R B 4R, K
B PR B 78 B B AR AR AR, T 2 Bk A
. ERTER 0.5 kg/(md)BAT AT T, A 734 i
BE(VS) P ERN]L 525 mL/g, BT K P

—— [Pl —e— AR
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Fig.2 Variation of daily biogas production and biogas production rate of water hyacinth with change of organic loading rate

PUK#I T R ERE, 205t 80 d (igfT, Hy <&, R
RIS R AATIIARWE 3 FivR. KEPVHREEeT
GELRY, BRI AR
BN, RGHE 50 d AR COD g 1.0 kg/(m®d)FasE $2
A 6.0 kg/(m-d), FERANBITRREY, REreAkE (B
3a) . Kl3bRH, BEEAGIERS, K& R
PR AT NBE, R BRI N T DLAKHT O R
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N, HI4h COD i 0.5 kg/(m*-d)istr K, KSR HHF
K5kl (COD) P S%0N 327 ml/g, %7/ R SR A%
S0P T Pl A 7SR WS W - A i€ = P ) 3 Nk S R iR )
IEF] S kg/(m’-d), SRR ATIA 260 mL/g, VIR
F 80%, IBATHMTILT] 6.0 kg/(m d)If, [k TEN
231 mL/g, ZHIUEGTH 70%, £, £ COD fifaq K
6.0 kg/(m*-d) ¥, ZK B VAP RIS R
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Fig.3 Variation of daily biogas production and biogas production rate of water hyacinth juice with change of organic loading rate

2.2 KFEESKFEETHEIERESMESELR

& CSTR JRMN#FN, HITHHEAER, 7K s ma)
(HRT) 5P A (SRT) A%, & 4 Hon T K#H
P OKEIEYTAE CSTR SN # R B I 8] 5 28 B =< R
A4k . S5 RFRH, Rl R 3G N, i B AT ) 4
Bi, RN ATHTREERANNE 2, AR
e CUKHE PO RPEEAT AR (Kl 4a) , VS Fifir
M 0.5 kg/(m* Ay E 2.0 kg/(m’-d), ~FREF= TR M
0.29 m*/(m*d)#EF A 0.61 m*/(m*d), HRT M 114d K&
£ 27d, HM/KH AR AR R A 2.8 kg/(m-d)i, HRT
AiFR 15d, M EBTRERET ), X EERN
HKEIFE 40% LA FIRLAT 4, RS,

B SIS K A S N s A TG4 B 8 4 R K R R Ak
FERRCR N2 BN . BT K AT A
TCIFAEARAE A% 5 B B 8] 7 [ Bk — D i ffer, DRI
HRT 5200 T 7K P R e — D4

DLAKET P A AT DA KB (&1 4b) 5 % COD
AT IE B B i 0 6.0 kg/(m’-d) I8, BB E )
GG 02 m/(m* d)iEE S 1.4 m’/(m*d), HRT H#JGHY
25d % 1.6~24d, FHEERYUEREE 420~
620 L/(m*-d), X E B Tk B LW 8 m, MERE
i (R 4T 4 222K 03 ) 0 Bk B A A L, AR
1) 5 43 At 1) i T2 40 DU G B AE /K 3 2 9, IR S8 BL TR 9y
R DR 2 R P 2 A oA OGS, AT KR8 o T A I Je 0 o
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Fig.4 Variation of capacity biogas production rate of water hyacinth and its juice with change of hydraulic retention time (HRT)

2.3 KEAGKEATREREIEZTRRESE. HE
PLAL

R BT W, BEE R AT B, RV A8
BHBANIEAT pH W . B 5 B TR L K
T DR A R B AAR AR 70 8. pH AE AR AL o S5 R
R, UK N R BEAT RE KRB, vas R A
pH (HAEAE 7.2~7.6 Z 18], LLKHIFIT AR, RO

o ki —&— pHfi

CH, AR B0%

1 11 21 31 4 51 61 71 & 91 101 111 121

1BATA)/d

a. JKEiP

P R2 W pH HFELE 7.0~7.3 Z 0], Ui B Bl 75 L6
I3y, P RO A R H LR AL I . LUK
N IRPREAT IR R EE, BRI BUE 53%~66%,
SPH N 58%, 1t LK Ayt Sy IR EAT R I,
KRB BUAE 62%~T73%, T 66%. X i LLK
B R R JRORREEAT IR A R I, 7 AR (R AR R
TR P R R

o kg

—A— pHfi

CH, A #5 HU/%

AT A/

b. Kt

B5 KFFARAF TRELH AT TiiedEH pHEH R
Fig.5 Variation of methane content and pH value during anaerobic digestion of water hyacinth and its juice

2.4 KEHE. KEAETREABEBHYER LR

Bl 6. 7 70 nlwos T /KT VS BEf#EAE . KE it
HoEL COD. #E R MERIF IR E (MLVSS) AR LA K B
fif2E.

CLZK 7 2 SR BEAT R T, e VS AR 30 BN 4L
K (E6) , XEZZF KPR 2, A
M, ATAS HBHEIR 22 R BOR, ATTSEN T VS FEAR 211
. HABAERTTLE S, FEEAR TS,
VS [FiRFBE 2 TR, # 2.0 kg/(m* ) BB K, F
B VS BEIRF N 54%, 1024 VS Hifik 2.8 kg/(m’-d)i,
P VS B N 29%.

Bl 7 R, BEAEEER A 5, AKET A R
COD. MLVSS WA TF. Sk e 1.0 kg/(m’-d)LL
T, B COD & T 1 000 mg/L, COD & ik F| 94%,
MLVSS P51 51 90%; bR 42 5 4% 1.5 kg/(m’-d)
i, R COD H i, EET 2000 mg/L, MLVSS
m T 1.0 g/Ls A2 )5, B RGN Har IIE Y, R COD

TRErfasE, BATHATIER] 5.0 kg/(m’-d)I, RGN HE
COD FEfE 2300~2 600 mg/L, MLVSS FEdE 1.2~
1.6 g/L, COD V-4 2F% N 87%, MLVSS B %HIX 89%,
£ 6.0 kg/(m*d)IE 1T, COD V342 [ F A5l ik 3
85%, MLVSS V34 2551k 88%, Uil MigfT e,

Tif 7 ok B 7 5 o

o VSFEfi## —e— 2R figr

80 5 3.0
70 =
60 12 %
;\f_ so L {20 &
o o0
= 40} {15 2
=5 =
2 30 110 &
20 b X
e
1M 0.5 &
0

40
1

BATE I/
B o6 KFAFELMEEMR (VS) Ml 5 A A 89 T4
Fig.6 Variation of volatile solid (VS ) degradation rate of water
hyacinth with change of organic loading rate
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Fig.7 Variation of chemical oxygen demand (COD) and mixed
liquor volatile suspended solids (MLVSS) of influent and effluent
and degradation rate of water hyacinth juice

2.5 JKEFEKEFETRMREABRAEES LR

R 3 R LB A HT P N IR B AT PR AR A IR AT N
PR BEAT [ 53 B Ja LA P D I g AT IR AU A I
PIRIEAR T 2T 1 0BTt LIOK#T P o JsUpk 57K

WO EIAIEL, HRT 46558 1 11 A5 DA E, Wt &kE o
RN PR BERMAR AT LLg iy 11 A5 LA B, AR UR R
w12 ROV AR B SCR R R He DLRERALEE 1t
IR, BE KT LI ETZ) 800 ke, HEIRIAZ
200 kg B, B R LUK Tk JEORKEAT RGBS,
THEE 27 m’ UL R MRS 1 LAK A S SRk
WH 2.4m’ MR, RSB A KRR . KE
AT T IS BN AP SR IR S, B R DR
P53 B W55 AR 23 1 1 J 2 A L v LR iy Y e ) 7
R, RIS R, AT R T B R 2R,

WIBATREFERA, KI5 BT o B AR B,
T ELER LK N JSORREA T IRAE A, AE R SE I AR AR
P AL B AT R AT [ B AL, PRI, PRI AR R
i (RT3 B8 AR ZE AN K. BEAb,  LUB /K 7 A )
BATIRAAKE, JPi I FE N g, BRI, P
KYRERERE T o AL B . [, fEsATid R, EE
LUK R J50kE, - oKkl Sy, Wekahi, e 2idt
IPRFEEBERE, VAR IIEAT BERE R /K P T e prits (K
BERE. B35 LASRACHRM N IRYIAE 15 L 1R SN s A T RAR
K, GRRIESPERATHLI TN 2.75 kg/(m’-d),
ARG HFERE R T77AE 1 728.71 KIP2, (R, LUK
PN ORI T PRARR I, BRAT R0RE S 1 7K 7 S e i
FES AR DR, 3] ORI S N B 0E I BERE, L
BB AR, UG .

UEAL, X KB AT [ B TR B, AT AT
P PRAER I, FLARAS IR /K P 45 i 5 7K
%, THRIER R, AR TURATEME B, IR
FHPY B AT AUR A R B 2145 H s R 5 5,
HKETF IR 2 e ER S R TTRE T F0fTig 2.

®3 KBEASKEFTRMRELE I ZRARLR

Table3 Technology comparison of anaerobic digestion with water hyacinth and its juice

A — el
e WEN RIS R i e "
VUL SE iy ey PO AP RERE AL
PN 37 0.6 S8 MEERUE<lom, AEREZN SKW'  WCEIEAE, TR
e o - . LTRSS, T BT
LUK # T 415 (520 kg HifeF7K a4 HARLEESS cm, HERERE 6.0 kW-t', b
e 24 83 T A) 14 66 BB R 2.08 kw! T A IR LT
HE AR AL HT
3 4 it B, HK us BN L, AR, R A RO

DA 2 0 A AT 58 A B #4520 (CSTR)
RAA K, WEEIERMEFER (VS HifiTh 2.0 kg/(m’-d),
VS FEA N 267 mL/g, FBEAHEN 0.61 m*/(m’-d),
FlfE] (HRT) A 27d, ~P¥IMPEAARRSECN 58%, 1
DL Pyt b &Y, %% & (COD) i far ik
6.0 kg/(m’-d), JRl (COD) 7<% N 231 mL/g, ™
AL 1.4 m/(m’-d), FRF AR B0 66%, HRT
X5 2.4d, COD ~FHEFRFIL 85%, HERMERIFYIMK
JE (MLVSS) ~F3JLBRFTIE 88%. S/K#i HEIRA
R T AL, AKE P R T2, AR5 T K
W LB R AR IR T R RS PR R R M L A b FE )

SABUN, BT, AR OR e, I, XK
BEAT [V 7 B TRAL B, 38R LA BIZK # P AL ) H
DIk, AKET R A, FEROR B2 nIAT I, 225k
AL AR AGH 7 7 AR B4 T 200

"
.

(& % x #
(1] g, =4, mo, S KPR A
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Comparison of biogas production efficiency of anaerobic digestion using
water hyacinth and its juice from solid-liquid separation as feedstock

Ye Xiaomei, Chang Zhizhou™, Qian Yuting, Zhu Ping, Du Jing

(Jiangsu Agricultural Waste Treatment and Recycle Engineering Research Center, Jiangsu Academy of Agricultural Sciences, Nanjing,
210014, China)

Abstract: To exploit efficient technology of anaerobic digestion with water hyacinth, a laboratory experiment was
carried out to assess the performance of water hyacinth and its juice from solid-liquid separation as feedstock in two
continuous stirred-tank reactors (CSTR) at 35°C. Results showed that when using water hyacinth as feedstock for
anaerobic digestion, the suitable organic loading rate (OLR) were 2.0 kg/(m’-d) with 27 d hydraulic retention time
(HRT), and the relevant biogas production rate of volatile solid and the volume biogas yield were achieved at 267 mL/g
and 0.61 m’/(m’-d) with 58% average methane content, respectively. Comparatively, using the juice of water hyacinth as
feedstock for anaerobic digestion, the biogas production rate of chemical oxygen demand (COD) and OLR were 6
kg/(m3-d) and 1.4 m*/(m’-d), respectively, in which average methane content was 66%. Meanwhile, its HRT was reduced
to 2.4 d. The reduction of COD and mixed liquor volatile suspended solids (MLVSS) were over 85% and 88%,
respectively. Therefore, the juice of water hyacinth as feedstock for anaerobic digestion had higher utilization efficiency
compared with water hyacinth itself, and consequently a new method for utilization of water hyacinth with less
investment could be exploited.

Key words: biogas, anaerobic digestion, efficiency, water hyacinth, solid-liquid separation, juice of water hyacinth,
continuous stirred - tank reactors(CSTR)



