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Material and energy conversion efficiency of biogas preparation process by
anaerobic fermentation
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WANG Yao'?, ZHOU Xianyou'?
(' Guangzhou Institute of Energy Conversion, Key Laboratory of Renewable Energy, Chinese Academy of Sciences, Guangzhou
510640, Guangdong, China; 2UCAS, Beijing 100049, China)

Abstract: The yield of biogas produced by mid-temperature (35°C =1°C) anaerobic fermentation of rice hulls was
investigated, and material and energy flows as well as the distribution of element C and N during this fermentation
process were also analyzed using the material flow analysis (MFA) method in this paper. The results showed that
during the fermenting rice hulls to prepare biogas, the production rates for biogas and for CH, were 297.41 and
164.40 ml * (gVSry) ", respectively; implying that average CHy content in biogas was 55.28%, corresponding to
31.16% of the theoretical yield. Based on MFA for the fermentation process system, 30.8% and 6.4% of C element
were converted into biogas and slurry, and 62.9% left in residue, separately; 63.2% of N element were converted
into slurry and 36.8% left in residue, while negligible N element was in biogas. The efficiencies of material and
energy for conversion of rice hulls to biogas were 30.0% and 33.7%, respectively. This study could be as a
theoretical basis for resource management and energy utilization of agricultural wastes.

Key words: rice hulls; anaerobic; fermentation; biogas yield; methane; material flow analysis; material and
energy conversion efficiency
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EREEAMTIRYHNEEAN =Mz —, £
—MEX. MENTTHERE. B2 2013 F, RE
FERFEFBIELS 6 R 1.9x10° &), WEEL Y
BAEERN 17%~20%7), QEENHEEEEREY
3.2x107 t. TERPEAFHEE 28.6%~36.10%. £
#EK 16.48%~28.6% K E 14.30%~35.90%- Fi
EH 2.5%~3.1%. HEK 0.7%~1.0%, —&irE
ETMRESE L 3%~22%". BESRRRFES
FZERREAEHEERENRE, MV PRESER
XEHHEREEHT RN, AmE—eE
& _ERR &I T R B IR A AARAL R A

RE R B & VRS R R EF YL
REFR R IEALRI FH A 2o, ENEREYE
HREKBAAE, MUTUKSFRH. RESRESF
IR, ST ) 2 v A B & HLAE R
AR RN R I, VB AT A A R AR
ZirplggERY, BRIESRRERB T R EER
ERBTZEZENFED, BRE RS
TYRSHRESHNHA. WHRRSTRERE
I R G5 7 B PN o) 4 S B R 33 AT AR R AT
BARFE, BRAEZANENIREF ARV IR
HFERREMEXR, FEHEESMTIESRG L
-2 e N

AR URBEENER, RA#MRFERER
B T 20 FU RS S ] & AL R S I RE P e S e
HEEMRR T HERARARERLBELREFH C.
N JTTERREIRGL A P FRE & LR 2R,
NEERBENSGETENRERILF ARESE,

1.1 SLEER
SeI6 ERLARE TS, BERN, MRt (20
H, $i&<0.85 mm) &H; BEMNYALLRELK
MIML P RRERERR .
1.2 SREERHBME
SEWEEME 1w, 25 L RN EET
35°C H1CHIKB#HF, WEEFF 2 AHE, bl
FOREUS R, THOABGEEED, LEESRES
¥, BSNEERERRE, B HER KN E
YIRS TR, BEMYIIAEN 1800 ml, HKREE
RTS IREK 5% AR (BrS58MNYNERE

Fe 1:22), Fam 2.5% (UBELSRET) 1
NHHCO; fENZEHFIFA AR ERIR. AASLA N, FF
H R BB TR B 25 S SE B HAR B R F 3B 2 1R
USRS TAET 1 ml » (gVSre) !+ d7 B D
1E5258, JEE1T39d. KBRS EGEIE, 3
BT 105 CHET1ERNVBHE (biogas residue) 34T, €
WAERB (biogas slurry) 43#7.

H /7]

= J BT
M1 REKELKRRE

Fig.1 Experimental sketch of anaerobic fermentation

A—gas tube; B—liquid tube; C—water bath; D—fermentation bottle; E—
gas sampling hole; F—gas bottle; G—liquid bottle; H—water; [—fermented

liquid; J—biogas; K—saturated saline

1.3 HBWRE A E

HEE (TS) FEFMERMERE (VS) §E4

B 105 CHFF S50°CB BN E, Al
(calorific value, CV) HIE#HY C2000 (fE[F IKA®

AFD PE; EEFRC. HO NS TEEER
Ffl Vario EL cube JLEHT1X ({2[E Elementar 24
") ME; FEEK (CL) MELLGg4E (HCL) Wl
SE 5% % E ] B AE AR TR SL 00 = bR UE NI 5 ¥ (LAP,
NREL) [17:201,

AR SRR (TC). BILHBR (TIC) FIEE

(TNb) FH Vario TOC 4r#1{X (f#[E Elementar

AFD WE, PEFHRZ 12000 1+ min~ 240 10 min,
B & BAE TR

BAHFH CHys COxw Np FI H, S5 S B
# GC2014 MEBMSMEIENE, TCD s,
Porapak Q i, TSN Ar, RN FEE
314 50°CH 120°C, JEERE] 5 min.

FE B AMFIE (UNI-T) UT230C T #45 BE
&, MEIEE 0.1~2200W, JUERE 1 4.

MR RN 1S W “Practical handbook of
material flow analysis” 81, #1570 R SR AU
F Stan2.5 %4 (TU Vienna) B37, ¥IRARIHTE
RN e!Sankey ¥4 (ifu Hamburg) £E&.
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2.1 %ZEBeERNIBAMRTK

R MEEN AR LR 1. BRER C &
BN 46.26%, HEA 19.20KkT » g7!, C/N K 25.84,
TS B REREER C/N (20~30) TEEP2, R
AREERE C MEMNMHEXNFEH 46.26% T FEH|
4293%, T N JCEMHEXNEEH 1.78% L7 3
1.86%, S JLRRIFAXNEEH 0.15% A3 0.27%.
XEFANRERELES C LEBRBRHEBREY
MRS, TN S EEEETERBERKXYH.

BEAAERAEAMER LR 1 R 2. &M
b TC. TNb & E4%K 1055 mg+ L' Al 710
mg + L™, 8 TC. TNb & E45)9 1525 mg « L™
A 1120 mg « L™, T =& & F PR (TOC,
TOC=TC-TIC, 305 mg+ L™ 1 352 mg L") #
TC/TNb (1.49 F11.36) ZR A K.

ERRERBREHES N ZBREST IR 3.
TS Fl VS £BEZE5 514 46.63%M 57.39%; C LHR
I EBREA 32.77%, AHEERYABES C &
2B E N 35.73%: N mEEBEN 1017%, A

F1

ZEEMYAER T S N BR 2% N 42.88%:; S
TLEEBRENTE, TERRBUERET FRAE
BHE S &, BT S A5 BB S &8
BN AHERFPLAERZBRESHN 42.00%FM
54.65%, VBB A LRI B E 21.29%m T4 4
R 12.64%, HAERBERELB IR A4 R
FEXT 525 5y 4 PR AR S (LR EE DR S
22 REETREMAASMEETL

FBRRE R & RS2 CH AR
¥ K& CH/CO, HILLpE & B R r b E 2 By
o CHy BT BAES 5 RIEF 65.27%, TRMHHE
TREHFERE 58%~60% 8. fEREBETES,
CH4/CO, B3 H 0.69 BE A = H] 2.03, 2/ T
FRELE 1.60~1.70 28], XFELHRE KB
MIFrBRAE R, ERBYIHN 1~3d, FERRIEKRE
R, it 2= A S CO, & &F, # CHy/CO,
ik; FERBEFER, BT RRENEKEHE,
Skt CHy ZEFE, CO, FEMRK, % CHyCO,
EH = FFERRE,

REKEE 39 d EYRRBTTRE (TViiogas)
N 2429 L, UIRS A CH, FoA R R BRI R O AR

MY, FHR. ERABERIE AR

Table 1 Physicochemical parameters of inoculum, additive, rice hulls and biogas residue

Item T™/g Industry analysis Element analysis Component analysis
CV A&J * (g TS)™ TS/% VS/% N% C/% H% S% C/N CL/% HCL/%

inoculum 1854 - 1.18  54.39 - - — — — — —
additive 2.12 — 100 100 18 15 6.3 — — — -
rice hulls 84.54 19.20 91.7 9320 179 46.26 6.58 0.15 25.84 25.64 19.47
biogas residue 54.15 16.30 100 67.86 1.86 4293 5.59 0.27 23.05 21.29 12.64

Note: TM=Total mass, CL= Cellulose, HCL= Hemicellulose.

R2 EMMABRMELM R
Table 2 Physicochemical parameters of inoculum and biogas slurry
Ttem TV/ml  Density/g * ml™ — __ Plomentanalysi —
TC/mg+L TIC/mg « L TOC/mg * L TNb /mg * L TC/TNb

inoculum 1800 1.03 1055 750 305 710 1.49
biogas slurry 1540 1.03 1525 1173 352 1120 1.36

Note: TV=Total volume, TC=Total Carbon, TIC=Total Inorganic Carbon, TOC=Total Organic Carbon=TC-TIC, TNb=Total Nitrogen.

x3 REABUETRYRAERE
Table 3 Removal rates of involved substances in anaerobic fermentation process
Analysis objects
Item TS \& C c? N N°® $® CL HCL

before fermentation /g 101.47 86.24 38.07 36.17 3.04 1.76 0.12 21.68 16.46
after fermentation /g 54.15 36.75 25.60 23.25 273 1.01 0.15 1153 6.84
removal /% 46.63 57.39 32.77 35.73 10.17 42.88 -25.74 42.00 54.65

@ Only rice hulls, additive and biogas residue were considered. @ Only rice hulls and biogas residue were considered.
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Fig. 3 Gas production changes of biogas and CH,

R sER K 3 Mk 4. BRREKEH & EDR
SHIFE SR BT Contreras ZPNHRT R4 R
YIRS EH 44 ml  (gVSry) ! $REF] 297.41
ml * (gVSru)'» AT 80% =S H 21 d 4555 E] 13
d, CHy P2 M 19 ml * (gVSrn)"' & T 164.40
ml *(gVSrr)!s CH, &8 45%3R 53] 55.28%. X
FTERANERIESGEMMEF AR, Contreras
SR FMBEERE VS R 77.8%, C BN
37.7%, C/N KN 99:1, FEEHEMREKE CN
tfil. 4IRS H CH, & B 5 Nijaguna ™ HORF 7
R,

L= H i /1 (theoretical methane potential,
TMP) REARUERA T Fob 52 & R RIA B B K
Hge®, W Buswell HREPSHHHEH. BET

EOMER[E 2, 0%=VS%-(N%+C%+H%+S%)]
HEHREF R AR BES R UM SRR R T
C30.15H51.44018 78+ 7.90H,0 PR TRGE
16.81CH, 1 + 13.34CO, t
TEARBREIR CH, %A 527.53 ml - (gVS) ™,
ka5 @Bt N 1.26. LR R CH 5 &
CO, #FfitL (1.25) H5MigfE#EIE, L™ CHy E
S ERH 31.16%. IX A2 B T & 4 M B AR B AL
e AR, RER B R R HAE A

KEHFE—TFIEN.
2.3 YIRRSTRGHIENL

T EBRE RS EF MY HEMEEEE S
B IR, CATEFR S R E R B & LIRS 5
LSRR B @ T — AN TR MY R 4T R
4t (MFA system) , W& 4 FiR. B RACEEIR
BRI BAREKEIRE, HBREHBMMHREE
FERFRAFTEURAER BRI ABERE . &
Gt 73 [B) 121 T 6L 45 TR R R A0 IR SR B A ER YT R
10 RYBUR, RGN RIAFA—NKEERI. A
RGN RBRER. BMMMBTRENRS
FHMANRYIE, BRAKER RN RS
W HBARGHIGE: LFREUYITNE AR
ViR, BEERRMAL, RERHIMR. RaR
0 R SR S L R A TR RS R AT f T A S
R RERBEA T IR R -
import:X import/g - cy-!

d stock:A stock/g. cy-!

export:Zexport/g-cy!

rice hulls
2
radiating 1

power 1
grindin;
process

anaerobic fermentation
process

| pulverized
| material

biogas
t bt

j

inoculum

addictive l

fermentation residues

radiating 2

power 2

anacrobic fenmentation system model for MFA
B4 FERRERBENYIIR ST RERA
Fig.4 System model for MFA of fermentation process (cy:
system cycle, similarly hereinafter)

R4 ERREEPEEMRSNTSHR

Table 4 Biogas and CH, production results from rice hulls

L Biogas production CH, production CHj, content
tem
Cumulative /ml * g™ Cumulative/ml * g™* TMP/ml » g™* Cumulate/TMP/% Cumulative CHy/cumulative biogas/%
TSr” 277.19 153.22 491.66
© 31.16 55.28
VSru 297.41 164.40 527.53

@ TS and VS of rice hulls.
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