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Effect of Digestate Recirculation Ratio and Organic Loading Rate on
Fermentation Characteristics for Anaerobic Digestion of Straw
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Abstract; After co-inoculation of rumen fluid with sludge, the methanogenic efficiency and anaerobic
fermentation characteristics of straw which were influenced by combination of different digestate
recirculation ratios and organic loading rates ( OLR) at six stages, were studied in a semi-continuous
reactor with solid-feeding device. The results showed that methane yield reached 768 mL/(L-d) at
4 ¢/(L-d) of OLR and 1:1 of digestate recirculation ratio. Methane production was 202 mL/g (217 mL/g)
at this stage, which had obvious cost advantage. However, VFAs were accumulated significantly with
propionate concentration being as high as 6.54 g/L while ammonia nitrogen concentration reached
632.51 mg/L at 6 g¢/(L-d) of OLR. Degradation degree of cellulose and hemicellulose in solid residues
reached 88.81% at phase 2 whereas hydrolytic activities correlated with methanogenic efficiency.
Through the analysis of three dimensional fluorescence spectrum, it was found that dissolved organic
matters of tyrosine-like component, coenzyme F420 and humic acid were affected by digestate
recirculation ratio and OLR. The changes of the components could directly reflect the methane-producing

activities and fermentation characteristics. Moreover, accumulation of humic acid was responsible for
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decrease of methanogenic activity.

Therefore, proper digestate recirculation ratio and OLR were

indispensable to long-term stable operation of biogas engineering from straw by avoiding the accumulation

of harmful components in liquid digestate.
Key words: straw; anaerobic fermentation;

fermentation characteristics
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Tab.1 TS, VS, C/N ratio and main components of rumen fluid, anaerobic sludge and rice straw
o TS Ji 4y K/ \Elis &g — PR YR VNG

% % T4 B % BT 5 R % J G KL %
IR K 2.28 +0. 01 1.32 £0.02 12.48 +0.62
R4 13.90 +1.32 6.90 £ 0. 43 7.36 +0.37
FAKFE 93.25 +1.76 88.60 +1.79 51.36 +2.57 34.98 +1.75 49.39 +2.47 6.84 +0. 34
¥ 98.60 £0. 71 93.44 +£0.83 46.09 £2.30 31.66 +1.58 33.61 +1.68 10. 60 £0. 53
T 94.27 £0.53 84.23 +0.39 43.15 £2.16 24.34 £1.22 30.88 +1. 54 11.52 £0.58
BAER 95.30 +0. 69 88.59 +0. 54 46.82 £2.34 30.20 +1.51 37.91 +1.90 9.67 £0.48

1.2 LWREBSRERMG

RS GRS (VS A, & BRIk 5
25 % 350 T r 2 i S [ A5 RSO A (480K B
JECER UL P 1), 558 B B8 2 45 75 80 o/ min LA K A
2.5 L, A sh s A DR AL 2 56 o

T PRFE IR Z A ] AR AE BN A Bl Bl
AL (OLR) i $1 w5, ml 38 o HE OB 1A
P, AT AR A A O 1) (81 3 5 B IF ] (SRT) o & i ad
FEAR I B A S RO AR 70 o 6 A Bir B, Kok 2
s o EERE 2 d, A8 AT RS AT JRORL AT 20 50 Wi 5 A

FRHB, M 285 4 mol/L NaOH 5 W Wie A5 21 Y o
AR . BHB 100 H JE Je &b W% I i U8, 96
FITF o ARG AT 45 AL 23 (9 22 A 5 T80 WP AR I, 4% iR Jul
UL DL AN R Ky, 3R (0] 2 R A A
1.3 S#7TiE

(B e A i 7 T R A8 T 2L 60°C T8 12 he 4 Jiit
i TN RE B AL S AL e He o LR B BLRK
(TOC) fi F B A HLBK 73 A7 4 ( Shimadzu Y, H A< ) ]
€, Bl R R A B 70 B (KT — 260 24, i [E])
T RE 27 4k 3% L2 2F 4 3R AR o 3R 19 BL AR 315 1 1R
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Fig.1 Schematic diagram of semi-continuous
reaction device of solid-feeding
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Tab.2 Setting of operation parameters at six stages

Wi B BT R AU R
5 i/ d R (g+(L-d) ") lEl/d
1 0~24 2:1 1.5 100
2 25 ~48 2: 2 100
3 49 ~72 1.5:1 3 100
4 73 ~96 1.5:1 4 100
5 97 ~130 1:1 4 66. 6
6 131 ~ 166 1:1 6 40

ek R

VB 45 5000 r/min 2.0 15 min J5, #8246 K
i B 10 £5 T 4 45 A5 100 22 o 2 0o o ok 2 fiT
g BRI 2 o BRI 3 mol/L B R B 0 I, fil
I GC — 2010 Plus & ( Shimadzu, %€ E ) Il &
VFAs, THE L ¥ 2 % UAT R J7 151 o 2F 4 % g A
A BB g S LE 43 06Ot B2 iF BRI AT DNS 3k il
NG 1AL (U) sE XN, pH fE D 6. 4,50C 4%
P 55 P g 2 T BRI 1 g 1 2 05 CARHE) 1)
fiff 1

A ¥4 ( Dissolved organic matter, DOM ) Jii

VR B S BLER 73 7 A (Shimadzu , H A ) 7€ , 4K

Jo i R i BT B YR E ) 10 mg/L UR, il = 4 %¢

LB (FluorMax — 4 9, S [H{) Wl 7€ =450, &

BOOE g WOR P IEE 200 ~ 500 nm, K AT K

200 ~ 600 nm , 3 A& Fl K B2 5% 55 B2 40 4 nm, K

FAHE R B 22 2 10 nm, Ay 3i Bt B0 — 25 Fig A1) 85, 78
— P 290 nm F AR uE T

2 HRE5WRR

AR NTL

FH e 7 23 2 i o IR ST AL R0 1 E B 48 L 45
By B B e = R an & 2 R, 55 1 B B i A HIL G A
1.5 g/ (L-d) , WEE ™ S8 5205, [ 4 N 026 ) T
XoF B T ORI PR 8 35 1 M R B B R 1 AR
WIS 2 7 e R . NS 2 B BOIT IR, R
EAERRETT. 555 BrB OLR 355 4 g/ (L-d), [l
LDy 121, HUBE SR i 77 2635 31 970 mL/ (L-d) %
W B F- 24 F g 7 80 768 mL/(L-d) o {H 4 OLR
PRI MG, W= 2 N2 587 mL/(L-d) o
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Fig.2 Changes of methane production rate at

different operation parameters
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Tab.3 Methane production yields and VFAs, pH values and ammonia nitrogen concentrations of liquid portions at different stages

2% B B 5
1 2 3 4 5 6
Hl g% 2/ (mL- (Led) ~") 189 +94. 11 370 £35. 57 534 +30. 64 579 +57.93 768 + 124. 80 587 +152. 12
PR TS A/ (mLeg ") 132 £66 194 £19 187 =11 152 = 15 202 +33 103 +27
P VS R/ (mLeg ') 142 +71 209 +20 201 +12 163 +16 217 £35 110 £29
LRIT R/ (g L) 0.29 +0.34 0.25 +0.03 0.34 +0. 08 1.04 £0.57 1.81 £0.78 2.02 =0.97
TR ERWE/ (g L") 2.70 0. 85 0.57 0. 86 0.08 0. 12 0.81 +0.43 3.50 £1.25 6.54 =1.34
TEFREERE/ (g L") 0.06 0. 12 0 0 0 0.31+0. 14 0.53 +0.34
pH f& 7.21 0. 16 7.35 +0.13 7.30 0. 15 7.13 £0. 07 6.94 0. 11 6.99 +0. 18

HEUR Rk E/ (mg-L71)

225.06 £44.69

213.60 +16. 37

262.79 £26.50

363.59 £61.97

349.92 £68.09

632.51 +54.05
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BN R R S 1 VRS (5 5 BB, 7™ H be i ik
B 7K 202 mL/g (VS 7= g 217 mL/g) , it
o 4k 252 1 R, RO R T 7 R b R TR B R

W58 22 B, I FR & 0 0 v R ) 1) B R0 A
JE R R R FE A 4T 4R R IR RO A Y A R
U R FUMA 2520 BF 5830 52, 3 it 5 [ it
B4 2T 248 25 TR R HE W 1% Fibrobacter succinogenes %5 7K fit
PRURE , DT 5 e R 1 B i o S OF 5 0 ) 88 i 1)
il KRS R AR RS R A, R 2R 98 1 8RR 407 R e
V5 Ve S BN T R R i S 00 o ARG — R AT B
0.35 ~0.36 K155 e e Rk 3 T B 1Y
56% ~58% , M Z it YAk A W) T Ak B A% ol s A IR
FOH AL IETE M, W b 7 A R A R
55 4N DB R AT 7 R e R A B S OR R, AR A A
R LR B 5 2R 28 TR A OB, 3% 2 v TR IR 4600
16,7 OLR 2 3.6 g/ (L-d) I, g o i ik ] 1 e K
220 mL/g, b5 T W o bk 452 FE BT 55 A AT 6 g
THA™ 25200 1 S50 v TR RE & B0 67 e g, 45 P A
B 0T AR R B BUR UL 2 BN R R, AR
5 B RE A ™ F e i AT 2 AN WEEA{EL, 43 S E 56 2
5B, R, i A OLR 3 i A 4 = , |
16 g/ (L-d) I, ™5 TR, 5 EIRBESE Y A2 1k 3
— 5, [AIEE R R L LI BRI T VE W A
Yy 5T vk B R A R B T W 2 B A A, DA AE
555 B BORR ok B B e A (.
2.2 VFAsREMETH

FEARHERZS T (IR 25°C , 540 K 10° Pa, JEY)
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0) A J12% LR A & AT, R 5 g & B B i
HE B, S BRI, AR A 15 DLET (AG® <
0) ', PR AL B S DR AT b Y Bk
TR VEAs (19 00 1k B S e i 4 R v R Ak ™ H e 22
[i] f9 S 485 , 1 OLR (1 41 =5 1 [ 37 4B 25 5 30 VFAs [y
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BME, UH RN T R E R, F 0 B 5 #
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By e JE ik 3 2. 70 o/ L, i S ERFNT R A 7% AR
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VFAs &1 BTb, SR MR R R4, e ok
JEIKF] T 1.04 /L F10. 81 /L, H g 7= F 4L 32 34
il o 555 B BeORHE OLR AR 5 [a] B, 9 20 1 3 ¥k [m]
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Fig.3 Changes of VFAs concentrations at

different parameters

i A VFAs e S 30 e 7= 1 A0 7 FR A
(19 26 A , T LIS 23 10 4 DR 48T A i o DARIT R BT 5
FW, BRI 1.5 g/ L sh &4 i 47 4 %
il 1) 355 P, T 0 A K A o R b O VA R
e 7 78 Ak L K i B AURR, SIEGERT 257 #f 5% %
W, IR A E T, B VEAs R B 6 o/L f5 4
S S AR P b oy s TR M B 3 8 /L i
SRR s A B AN A A BT
R AALIRIRA TR LB, KB VFAs i
WeHE AR T 10 /L, 2 FPRUR AL BRI . B4 VFAs
X B 5 T 2 B S [ B+ 2 R A A 7 6 1 S
Wy, R 2 S SO IR A AR & 42, HAO
xR R, LR IR R EAE 6 o/ L N, LR
AL T A bR S, TR R 0.3 g/L
I, 1 2, TR TR P o A O R A SR R, 2 TR R B
F Bl B AR LTI A R N R R TR
P b 1 4 7% 2R TR, TR LR 4 W GA F 15 /L A
3.5 g/L I ,50% Fy 7= e 3% P2 1

AWFIEHES 6 B Befl) VFAs S ik Bk 3 T
9.09 g/L, LR S VR FE WL 2] T 2. 02 g/L, My X
IRAF = R B 7 T A 3 2 o B
BORMEARI R 2 — . 9F HLBE % [ BT, VEAs
PR (LN A4k ST, A
B 24200 X T I 1 R B S REAT T 2R B R T R
(9 55 2k i FEE 2 W 2 T R A 137 T A OB 1 T o T i
Ff i TR 2 AR A 338 114 7 [ 9 B T ok 4 R Y
FUB WA 7 F A A T 32 BI040 4, VFAs R g & i
BRI R, AT 007 DR 42 o
2.3 pHEMEERERENTL

R K pH (E7E 5.3 1 8.3 ZJa], B 4 pH
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Fig.4 Changes of pH values and ammonia nitrogen

concentrations at different stages

RIEX A AR A R SR EXREZE IR
SR R G TR A RS g HIL A TR SR b
FEU T AER R R R v R A R IR B —
B EPE AR, i A 2 R0 v R A 200 mg/LoXT IR
EUMEYI A K e T i v e R R R
WARGA M HAE R, 70612500 5 2 F W A L7
fif pH B K% 35 R 2 N 2 55, HLBE 3 R G 5 i
PR 200 A R i P A3 S A o AT, —
A, T R B N L 1 500 mg/ L AN 23 % PR AR
AT W A B 5 3 000 mg/L( i, pH {E
h7.6) o3 %R YAk i B RN AR &R AR B AR
FN R g 3 R A, R A o R
AT LLIAE] 5 000 mg/L LY |27

AW S S R BT e B R S A LB 4R S By
B A K, F ¥ & A R R Wk B 7E 213.06 ~
363.59 mg/L Z 0] 4F 2, H % 6 By Br b A =
632.51 mg/L, MWEAN LB AE , AR EWKE

HAE — A H I B0 30 B P, WA 2 40 o B R g
NORDBERG 4" 7 9 I B 15 JE 404 1k v 78 W |l
W, 21k 260 d 5, B A TR A B T 5000 mg/L,
i HU 4575 3 — KA DR 400 Ak B3 S 5
o Rt LR A S, 3K F T 550 mg/L, A K
TR VBT Ao e 4 b TR DL A R TR R 2 R
ASTIF ) A B B A 980 VR U R, R 4 O B — RS
FFIGURE, A %2 @5 B 2 L (46. 82) , JLT AN HF A BT 19
IR, R VR B T S R AR I 2 3
A RWIENR SR A L L A TR
SR Z AN M A LR R B R,
RAMV R
2.4 BEERSRKBEENETWL

WA FE N AgEE A% E LA FE SRS
LR R, — BN R A e A P 2 o T 2 AR
1 DR R A S B, AR R 2 I AR /N T LA
TR 5% o R e s 3 L 2T 4 25 il A 50 0l 055 ok
W AR AR . F 4 P T & BBl 41 R T4
JE I A 2 00 A8 Ak, 6 A By BE I i R TE 57.29% ~
88. 81% (i [l N5 3l , £ 4k 2 R K 2F 4 5 5 i FEAIR,
AR A i T 5, AS TR 52 % FF 20 43 10 W A 15 LA
FEWFGE— 5. (R AT LU 45 J 20 14 8 A 5 7K A 1t
EH AR5, T2 B R4 %
M R B, T RMMGEMESD T &S
88. 81% s Ifi 4 Fft /K M i 375 16 55 5 B BOk Bk, 40
W4 6. 45 U/mL F1 50. 06 U/mL, 5 B {5 #5 5 7= 1 4
BRI A . X — B4 AT LU 7 1H Ok it B
— 7 T, KA 3 R TN S S T DR G b Y R 3 4
TR, 5K P g R R P b IR R [ R S —
7 T, 7K SR T 3% 7 T 355 4 52 A LS4 R [ 3 b
(5200, A HL 6 3 i, 5 0O AR R I 2 F 9
1 AR AR T Y1 A L, A% T4 o AR P R R gk
A b AR R A5 B3 A
2.5 BiRPABEENY (DOM) BT L B 3t K

=0 PIa: kA

CE SRR 2 % A 75 VA FP R I YE WP i

x4 TEHBREBEED KBBERTUREBENTL

Tab.4 Changes of solid components, hydrolytic activities and dry matter degradation rates at different stages

P ¥ B 75
1 2 3 4 5 6
L 2 R T E % 28.90 +0. 17 20.38 0. 58 20.33 £0.90 21.65 +0.01 24.85 +1.33 25.18 +3. 14
2 2 % i A B % 29.83 £0.73 26.78 +0. 81 27.48 £1.10 29.69 +2. 40 29.74 +0.73 31.88 £1.73
R % A % 13.31 +£0.73 17.02 0. 81 15.13 +1.38 12.24 +0.03 12.69 +0. 97 10.81 +1.18
AREBERIE/(U-mL™") 6.02 +1.48 6.13 £0.71 5.50 =0. 55 4.13 £0.22 6.45 £0.72 4.50 £0.70
24 Z S/ (U-mL ") 18.04 =0.03 37.08 0. 66 41.72 1. 14 36.44 0. 49 50. 06 +10. 09 21.32 1. 31
Ty i K i R/ %o 74.72 88. 81 79. 86 88. 54 87.21 57.29
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B TR 5 00 R A R A S O G A

BT A 6 B B 1) = 4 9 6 e i e S I T
4 AN (K 6) , F e A JB TR M & BRY T, ¥
KWK (Ex) £ T 270 nm, % 51 9% & (Em) £ F 306 nm,
R EN T RUE R E TR AR ok
i B & T2 5 BB R (Ex £ F 340 nm, Em i F
420 nm ) ; 3¢ 606 C J& T XN AL R W R (Ex {3 T
350 nm,Em {3 F 430 nm) "', BF R, 6 5E R 55
A= e A T G B 25 B acetyl — CoA F| 5 —
methyl — THMPT {4 A= i, DT 400 360 08 20 1% 7 HF 65 1
(G P, 35 R VFAs BB B, 98 1 B
F1C R BRI T AR PR AR B, S 80T T
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