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SN DA 2B HEATOESE o KGR A5 2o [ U TR0 43 B AR AR R I AT AR B T T e S AR A
AR EZMAET T 1995—2014 4F AN MRS AT TR AR AL o [ AR 3B 583 TR <
TR H A RTATE TR AT AR S BRAY P SRR LA ST XA MU ) 8 ) I 557

AT o e A 36 T B AR 5 B (total solid, TS) . #5 & MR A & 2 (volatile solid, VS). fh247E 4
8 (chemical oxygen demand, COD)&F 2B R AGHR AR ARG &0, FFH DA TRl A2 5 Fn 56 by = RN R Dl HE A
Ry ELS A S e A AL R S R N TR, 4R T RORT S bR B R W) R A 72 AR (biochemical degra-
dation rate, BDR), [FJR3#7 T CDM I H B9 % AR HE & M 2553045 o
1 ERET*
1.1 SRR

S ARG RN TG K GRG0 R kL, A I AR RFNBOI R BIVE AU TR — I TR, JsURk &t It
M TR 3 B AL I, — 2 PR [ A5 BR IS TR 30 d . A IERE T (K52 B2 ) 4y 10 L

JORMAE 5 R0 AL VRRE it FE RS s A T 9 B T BBORE 1O, DA RE S JrORHAE o R0 AR it B B T
M) A 225 5 R HUBE P 1) T o ORI — SO B RE IR 1 5 T ARBORE At 23 ) MR A — 2 K IERE
THORBERER IR s EEA I GO ERE OB o RS 000 mL T 4 COKFE T AE AR

1 RYBATEE IR TS BUR R B AE A L 1122 D120 LR R AN & & 20048 PR el il Al CDM
Tt 5 (RFI— TR AT AR 5 5 U s i 517

®1 WHERM—EESIRE2014 FB1THIE
Table 1 Operation data of Minhe biogas engineering phase I in 2014
AR HEAKIE  EEE . PSS R e

=) ! : SRR S g 8%/ 8%/ i
£4f MR R R ;gg‘gggmfgﬁ ﬁ$§ vsh Vst i
~ . i (4 7N 7N
(10%) A0 (10) N (ke (a ) (kegeas SO "
1 146.50 1138.08 5.6 2.82 365 64.26  295.095 64.833 5.406 12.771 1638

1.2 £ =R E &P EE DN

K H Eii 8 Bioprocess Control AB 23 ®l ¥ A& 194 FH 3l H Be v 71 70 Hrill ik 22 G2 (AMPTS 1)X A & i A
AL H BEv 71 (biochemical methane potential, BMP)ZEA T3 747

AMPTS 11538 3AEAERTT, /R R BER TG . W T F i e . RIS T T A7 & TR LAl
FIRR e FE 5%, R e 5 vl R % 0 e P R e LA RIIE 78 AR5 45 1 W e N BE T 3 mol - LTV &AL
BRI LA FREA S RV M BT e RUATHE RS, AR MR (0 °C, 101.3 kPa) T 1Y
SIRSH%N AL

BMP 525515 91 500 mL (9 MLIE A 2EAT, TARMER N 400 mL. 2B 26 1F 0 Fill (37 + 0.5) CRAK
feE, FHAAMUE60 s IEr RIS, DL 120 v « min™ AR BESEA T Sedio bl . M SR T VS s i
Feoh 201, SCH A B8 2 O RHEF AL, DOHBRIZRN X BMP ISR s2 M . e A il 2547 3 Y1
75286 . 24 H = e AR T R B i 19% 5 1 DRAETH AL S e

TE T 45 F 52 7 77 (residual biochemical methane potential, RMP)Ir, ¥f 400 g W49 & T LT R
i, HARAMPE60 s I B B, K r e T ik 5 BMP IUCAH R . Br A B934 78 il (37 + 0.5) <C
THEAT 3URCFAT S, JF BRI SR A A R
1.3 SHFA=E

WA TS RO T 0 7R JBORHRNE AR IR i B9 A S PR B AR T 3 U AT I A, Her,
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FLE A (total solid, TS) . # & P [E 4K (volatile solid, VS). &5 HLEX (total organic carbon, TOC), £ HL4& & =
(organic nitrogen, ON). 24 & (NH;-N). &L Bf(total phosphorous, TP), EH% i (total alkalinity, TA){K & APHA
IR TN ARG 56 B B ) 15200, 48 2% PR IR T B2 (volatile fatty acid, VFA)SR F A (6% (Agilent 7890A, Agi-
lent Technologies Inc, USA)MIXE ; 12475 %A & (chemical oxygen demand, COD)R FH 55 8% FR B A AL E 5 5
H A4 1k 75 % i (5-day biochemical oxygen demand, BOD,)f# i OxiTop® & 42" (WTW, Weilheim, Germany)
e
2 BR5WH
21 EME5HULEMELER

F2 N ICH RO —H1TE AUk i AR A JURE S 25 PO AR AL A BRAEME T . R 2 AT, T AR
B VS & T COD MR AR, 33X nl BEJ& COD 78I 2 i 22 235 Qs fig iRk . A A Ak S S5 L i+
PEREE R, W, AR VEA . RS . & &R T VS ARAG iy a] BE W 277722, BOD, (AR T
COD, X2 Ky COD A& >R FH A% 2 o B0 i i P e ) BR AN AL~ i, 1T BOD o 100 o DS FH %) 2 44 Ui
MBI, — ST, IR BOD M A L5 R B 8 bR B 5 id . SF58 |, 7E BOD;
VAL s B3R R AR R S M A B, A TR AT B TR R A K T Y — S8 AR A B P, TOC L H A,
AT S BEAL, X2 R SRS G A LA Re ik . fESd RAH L )5 ,
— G HE AL . UL TP B9 VS, COD., BOD,. TOC Fll BMP(RMP)# R 3 T Fta s, X2
T R R YA 3 C AR TEA . HS. NH 5%,

*2 RM—PESIENERMRESRELEBELRNELER

Table 2 Characteristics of raw materials and digestive liquid from primary and secondary

tanks in Minhe biogas engineering phase I

HERE S AL SE TS/% VS/% BMP/(mL-g™") NH;-N/ (mg-L™") TN/ (mg-L") ON/(mg-L") TOC/ (mg-L")
HERE 4.63+0.21 3.16+0.13 557+26.3 3094+125.3 454242145 1448+137.2  9533+196.6
1#— 2% 2.76+0.02 1.31+0.02 91+4.4 4088+184.4 5006+156.9  917+74.3 864+27.0
26— L ik 2.70+0.01 1.22+0.06 114£5.2 4045+238.6 51031825  1058+65.9 1042+18.4
3 2.78+0.04 1.25+0.09 108+5.3 4024+271.5 4924+2517  90091.3 1197+46.0
Y 2.83+0.03 1.41+0.02 61+6.8 3829+126.9 5055+329.4  1226+88.4 1 249+24.7

PR ERE  COD/ (mg-L7") BOD/ (mg-L™')  VFA/(g-L™") TA/ (g-1.7") TK/ (mg+L") TP/ (mg-L7") pH
e} 321984956 21 000£212 258+15.8 44.8+3.5 1885+143 298+4.5 6.5+0.4
17— hik 12 164+393 4250184 43.45.1 116+11.7 1992+119 264+3.1 8.3+0.2
2 — Y ik 9 854+730 5125190 38.6+3.7 128+13.2 2138262 3449.5 8.4+0.5
3Pt 12 402+449 3750198 46.3+4.9 118+9.4 2027179 223453 8.5+0.4
YL 9 3022730 2000148 23.1x1.2 161+14.8 1940152 23743.6 8.4+0.3

EIRICR AP, KB & R AAH A R AT 5 R I A2 4k, T NJTER LA NH;-N B TR
WA PN, fE—HE . REENA T, pHEIE T 8.0, EINMHME, X — AR BT B TE
(4 pH TG N, — 0 5 — AL, VEA/TA AR T 0.4, SHABHIZE b gl iy fa e 7= i
PoE TR — B,

2.2 BMP 5## 4 4 B % 1% 22 1L Z (BDR)

P 1 Sk RO — HIVE SR L AR SRR A= Ak 7™ FE o6 18 77 (BMIP) B 45 5 52 o o 91 A4 T 1) 38 2 R e v

(RMP)IUI Y SRR LE 7 38, Top s BRI 7 81K B fig 2 U BE 7 58 90% By IR, ] Hok IR A8 TH Ak
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77 258 55 45 9 N RE I AL TR Y e 7 R 2 B AR R AY AT e Te e saea et ants
BRI, TR BMPRIRR o 10d, BRIE 5 0T 0 @ o
PAARTEI AT RAHT 10 P TP ESISmL - g 2 40T S o
(VS ih)s 7255 11-40 K, FEWBME ST T s0f )/ o

mL g GIVS, R BMPWIRAER SIEH £ ol / 2}

PIRFSE 25 5, (HEER VSR B P iE R &

WAV BIZE R, 2551 VSIEIAL, 2Em5]

BMP (B &4l o — G W 2 3 AIAR TR T. 2548k
DA AR N E , G543 17 200 37, 34
— 2 I FETH AR RMP R A T 23 501 15, 24 CRENEYEY €& GAE AT TUNES AU T
F1204d, f%%ﬂﬁﬂ‘kﬁf%;é}%ﬂmﬁiﬂi 84. 103. Fig. 1 Cumulative methane production of raw materials
07 mL - (L VS HH). — Zs 1L RMP i 9 and digestive liquid from primary and secondary tanks
T tBIAER 26 K, K54 mL - ¢ (LA VST 1P~3*—ZHETH A IR L B — 8 I AL ) SRR Jo 7= 232 43 il
7 R 877 A 16.34% . 20.65% . 19.39% F110.95% , Ty, I FEIR DL B 5 28 BRI bt 7= R Ak, 7l
INJERE R AL BRI T, 2 T AR A AR, MR TR A VLA 1
A 11 [ A 45 B s ) PR AROUERG AL B ot o X — BGRB8
HAT, ERAHEABBIE T, AIRZSEOM Ikl DU SR IE R 5t B B S0R . VS BRfRR &
AT T2 BEMRRCRE DG Ge Pt RBHE B0 L6 SRR A 142 7K sl AR v B 12 9 (TS<7%) B, A AR TOC.
COD 5% BOD, Y AR 1k A A IR AT AR ZS K T 28 AT RCR A IR i o A58 42— Fl L JECRE BMP LA
JOH AL RMP )75 fE#8(BMP degradation rate, BDR) A LA (1 77 2K P R B AR S e T 281730058
HR A JFURE BMP L K2 4595 S5 1 e 1 AL I DA 7= B v g, Bl AR BMP () 7= F B v 1 A8 fb e, |
YR YRR AR 62K BDR(BMP degradation rate),

Ry = (ZJL : CBMP‘. - CRMP)/Zji : CBMP, (1)
J—it':'j RBDRI%BMP%B/%%, %; CBMP%lﬁ%ﬂﬂ‘]ﬁﬂi%ﬁaﬁ{%ﬁﬁ, m’ - kg_l; ]L%Lﬁ%*’l‘ﬁ%gﬁk%

BT SRR ; Crpis BBH AL e EE, m® - ks i R IRETHAL PR FPS
B 2 AT, VS FI COD [ F& fift 3% 2 60%

Ffa)/d

#_T Y N 2%k
TOC {9 % %< ) 88%., T BOD, FI BMP i [ i 00 B S Ak B i
W43 BT 75%~91% . 79%~90% 2 11 . 18 [ 45 Wi soll N

R I8 brH, BMP ZE L R (1315 [l 5 BOD, Al TOC
AL, T VS HICOD FEf#R . VS PR EAR
F R AT RE R T VS R EE R AN & &

\
60 H §
\

§
\
\
\

Wkt 2/ %

40

\
T, KR R AT R A IR R 1 0} §
5o [RE, T COD IR R SR fehs 0 \

. N . R TOC VS COD BOD BMP
WAL E ALY T ) AR I, T N e BE -
K2 S ER LR TOC . VS.COD,

e IR A RUE Y AN 1= . TOCALREA BOD BMP fie
DUBRAY AT PR . —BORBE, VS, TOCHICOD gy 5 Degradation rates of TOC, VS, COD, BOD, BMP of
HEEAE T ALY BT e I, 0 IF A4 HE AT digestive liquid from primary and secondary tanks
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B KRBT HAE W e 1 n045 8 . ML BOD,, %7 BMP (AN 8457 (BDR)FEI % & T #E F b A
LIRS (TS . V)L B RE R 19 ] 9 IR AU 0 A W I A e Ak i Y o 0 A WL A8 Ak it . PRI, BDR AT E Ry
— Pl G b TR A L) DR SR R A R SO T BT dE bR . (A — 2R, EEAR TREBITh, &
HrEEARA B EAIY SRR, RERI R AR R R R B T . AEIEAL T, BDR AT
REXT I TRCE M IPAG R B B 2 A VEH
23 ETYREMEBRETHLEBDRNBSTERBRHIZE
23.1 BDRZF#EHEBATE

WAL Wy R i AR A R (BMP degradation rate, BDR)EEJ& 18 i JE HRHE AL B Be s 1 AR R 5 VS
IR AT BRI 7= g i o MR IR 0 R BMP, LA K 4% 90 52 o7 468 3 A S BT 0 45 7 PR B Hy L AT LA
SR YR P R PE AR L ZE BDR 28 89.05% . 2014 4F REAI—IATA R T RMFEHERL 0 443 171.7 v, R
VS43.16%, BMP} 557 mL « ¢ '(LAVSit), “FHH LS 58 64.26%, WAARYEX Q)58 < ath
1119.8 m’,

Qumie = (er “ Qs Qo RBDR)/QME (2)

K Qe VEEIR A Qi VAEIHER L Q8 LAEHERL VS S0 T3ME ; Qp HHERT
A= HBERE T3 Ry N BMP EBRE QA=A A B o 25 i

SRR TR S ENERZE, ROUZE AT EA T RN BUR 75 52 00 5280 S,
PEPEFR VA A TR M A s K I E SN ). JEF BDRIEZ IR A= 5 5 2014 4F T4 iy W
G HE A 1 146.50x10% m* (A 25 2.3%, RS ARSI AG Hh S e T SEPRVR AT . AH LRI
COD FEA TPl 5 1038 F T IR K R A TH AR 9 COD A 33LRY ) BDR 7 LAURE B R 40T Ak 22 e B TH AL TR
P I AR, AT R e MR S0 5. BT BMP R BDR RAE 1245 1 il 9 R AR U E )
ok itk 5 AL I e A AL A2 ARy 5, R BDR AR SR AN A RE 5 E A M 0T AU AR 09 7 R i AT R
[Fi] Bt X6} B i 50 1 2 R L DR AR B Al R AT Tk, SR DR AU N i aa A TRICR AL T 4 1T 9 5L
i 5o
232 & T BDR ik 84 85 8 HE 4% A

BDR y& AT ERAZ R A0 . [FIRE, 2SR T N TR AUk I s HE A% S . AR 7 vk
ACMOO10™'fi 7 T H i1 5L, & T3k . FE MM AZV LRI R G . WHIEH
T 3 s

|1H B o gl e ————of

AT

1
I
I
| W | i
]
I
]
I

HRHL

I 7 FRALTHTY — AT AL

Al | A

Wit | akam

K3 IH s

Fig.3  Project boundaries

T H A et BT L (3)
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Q = |:H(1 - Rvs.n):| : Z(BOA,LT “Nip- QVS,LT,u : RBl,j) (3)

n=1 J

Ao QAW Bt Ry, N VSTER BB RGN IBEMR; B, N 2S84 K M AR 1 e K™
Her=t, m' -« kg's Ny NFRIEY VAEFRAAS M BECE, Hs Quun ML TYIRE &3 s 7E 1 4R
I HEIE AR SR VSR, ke - a5 Ry, WILHELRNE 5T 20 A AR
HRAE J7 752 ACMO010™, 151 H i 8l (1) JE £ HE ik K 31 H HE T 205t X @) . 2RG6)iHaA52) .
Qe = Qoeviee ¥ Qoene ¥ Qb eaa 4)
K Que, N HAENTIH TG SN Y BMEL AT ;s Qe W T EENF SIS BRGNP Le e L HE i
Quen N VIEN B B ZEE I RGN NO BELHEE 5 Qupeonean A 1 AF IR H R BT T 800 CO, 5L
HELLHERL
Qe = Qreava + Orenera + Oreva + Qrerne + Qoptaedia ¥ Qonetec e (5)
Ky Quon WNE G IEE RGP R 0 BEHEA R ;. Qup v A AL BRS040 A0 B 1 3300 HE
B Quen  NTET B IGshih & S 3EE RGP NOHEI s Qe A RS S T A v e s i
FEAE IR SRR 5 Qupeanea B & HL & T 1S BT H HECR 5 Qpppans M IHEREBE I 5 58 A%
SAHERCR
AR VAT, T M T S (V) 5 R R 0.25% MR 260, A BDR 3521 TRk Uk
HERZ S0 VR B AR 1 0.25% , PSR HERZ 5 . 328 3 o0 3R [R] A e A B 30 SFe Y X o 11 3k
YHELRHE R AT H AR
%3 AEFSEZEHIEREY O EZHNENT NS

Table 3 Baseline and project emissions from different data source of biogas yield tea”
Fg %E&ﬁéﬂﬁ/ﬁ Olzr:,wr:,d Q]%H.Nm Qlll‘l,elﬂt'/heul.u QH:N,,, QPE.”ATP(],J QI’E,P]P(‘/I\&::I Ql"‘:,r\l),d Qlwz,/\m-,u QI’IC.PI.,A
CDM MWz & 100 928 4116 17 945 14 410 605 1310 12123 5 303
SR A 100 928 4116 17 945 14 410 605 1310 18511 40 303
BDR A% 55 545 100 928 4116 17 945 14 410 605 1310 18 079 20 301

TEfm AR MAZT, FELHRE Quaeay Onenas Opbateotas) F1 T IE5E ACMO0107 K2 J5UR HE AL
PR (F 1)HASE] . 2298100 928, 4 116 K117 945t + a™'o T HHEE Quines Qrenaes Qopateamen 1 AR
EECRME RS2, 2090 14 410, 605 F11 310t - a”'o BRUSFHER AR A T R RSP PR RN, A Y
Tt H ¥ Bl e S B W0 A5 2 R 1RO R HE RN T Qs Qreana= Qrepn) B o BRIBCHE R Qpp =0 -
Qe Qo I B G ShHECE Ty B SE B WD I A5 20 A HE R AR . [RIEE, WA 548 1, 100 H it
Qe N0t -, B, T E A RRISEHE TR

Qera= Qve = Orea (6)

e 4y 3 FPA[R] 77 S A T R R R T R 1

B HE R, Forb 35 T BDR % B A BR DS HE

R4 ARFSERFEHIRRIEN AR HE

Table 4 Emission reduction from different

87 634 t-a”'. A LU IE T RURE VS A B B B v HE data source of biogas yield t-a”
93 603 t-a™', 3T BDR IAAZ AR 6.3% , 1iif 34 5 U HEMELHERCR SR HERCRE ket
. AR Qpr Oviy Qrrs
b= R AR A 6.8% CDM Wi 5 122 359 28 756 93 603
3 & SEBRy S 122 359 35179 87 180
BDR Az A I 122 359 34725 87 634

1) 2R HI BDR i AN BE i 18 A7 HILA) DR S fip i
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RV T2 a5, Wit o e e B R TR A=A B s o 3@ X e AR R AR R T
T — 0 00 25 DR e AR AR AR AR B . BMP [ 2% 5 TOC F1 BOD, I B fift 6 AT, YHE 75%~91% Tl
COD H1 VS FE# AR 60%. A LT COD. VS, TOCZ HiAb /{4545, BDRIZML T H £ & THefgpi R
ASCEY TR A HLA i . BDR A ™A ] IR — R Bl A IR 0 AL TR TR ) = S
Tike

2) 35 IR RA— TR AR 2014 AR50 PR X [, 43 BDR IR 7 < 5 9 P e 22 )
H2.3%; Zeid BDR ZEATH s HE R 5 PR E A 22 6.3% . BDRILA R TRFEZ B AN AR fE, W] LAITE
HERA IR TR SRR H PR, AR TR A R U5 S AU AR R o 32005 X UG A ORI B A B L
il SEEBAAMEECR | fEHFER TR A REA —E NS HEME.
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Abstract A growth in investment of large-scale biogas plants therefore creates a need for gas verification
methodology, as the government and investors need confidence in utilization efficiency. This paper is a case
study of Minhe biogas plant in Shandong province. Aimed to find a suitable methodology for biogas production
evaluation, the characteristics and methane potential of feedstock and digestive liquid from both primary
digestion tank and secondary digestion tank were investigated. An indirect methodology based on then change
rate of methane potential degradation was proposed to account the biochemical degradation rate (BDR) of
materials, and then verify gas production and carbon emission reduction. The results showed that the verified
biogas production based on BDR method was 2.3% deviation from the monitoring report. The difference of
carbon emission amount between BRD estimation and the monitoring report was 6.3%. The verification method
that based on BDR could not only accurately account the gas production and carbon emission reduction of biogas
engineering, but also provide data support on testing gas production amount, and subsequent reporting and
certification. This method could meet the investment requirement of the ‘first building-then subsidy’ policy for
current biogas transformation and upgrading.

Keywords large-scale biogas plant; gas production evaluating; carbon emission reduction accounting; anaerobic

digestion efficiency; biochemical degradation rate





