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Fig.1 Conversion process in anaerobic digestion as used in Anaerobic Digestion Model No.1(ADM1)

Table 1 Definition of variables used in development model

il R 2 6 il RS ER 6

1lssu HijEds kgCOD/mz 32|Sgash2 KEHARERE kgCOD/mz
2|Saa T8 kgCOD/m 33|Sgas,chd AT REE kgCOD/m
3|sfa = &AM (LFCA) keCOD/m’ | 34|Sgasco2 —ERILRFEHRBE kmol/m’
4Sva HER kgCOD/m* “35|Sgash2s WL KFEARBEE 0 keSmE
5|Sbu 973 keCOD/m’ | 36|Sicfa-  EERBSHAEEAA> kgCOD/m’
6lspro TOEF R kecoD/m* | 37|Sva- EERBAAY kgCOD/m*
7|sac 4317 kgCOD/m* 38|sbu- ERERA A kgCOD/m*
8|sh2 K=& kgCOD/m® 39]spr- JOEA A4 kgCOD/m®
9|sch4 AR kgCOD/m® 40lsac- 3 S kgCOD/m*

10]Sic R 1R 5 (CO4(aq)+HCO;)  kmol/m® 41|Shco3-  EEKFRAF kmol/m?®

11]Sin 4 Z2 F(NH,(aq)+NH, ) kmol/m® 42[Snhd+  FUEZILALY kmol/m®

12]s, BREMIES TR EY kgCOD/m® 43|Sh+ KEFAAY kmol/m®

13)xc Bfis 1A <R kgCOD/m® | 44|Soh— KEEMAA S kmol/m’

14|Xch RIKIEH kgCOD/m? 4 ' 3l R

15|Xpr t=AIEE kgCOD/m’ 48 = %2?;\}_

16| Xi igE kgCOD/m® pgas, KRAATIL

17|Xsu  EEEERIREERE kecoD/m’ | 4%fpeaschd AZLABATE bar

- A 3 9lpgas,co?2 —EILRFHRARNIE bar

18|Xaa TE/EFIRBERE kgCOD/m “50|pgas,n2s. WAL KRB ABIE . bar ...
volxes S b B T A kgCOD/m’ .‘.5.1|(.1g:.is.’. L BRARRADR e —

20|Xc4 B, SEEMAIABERE keCOD/m®

21]Xpro JOEAUEERIARAERE  keCOD/m’®

22|Xac FEEAFI AP A RS kgCOD/m®

23[Xh2 KEFFAVERE kgCOD/m’*

24X, i IES R EEY kgCOD/m®

31]San V= %] kmol/m®
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(1) KOG THALD HS 1EAKFTIE(4) ., (5) XD
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(4) K, (5) R DAL 7 Al E 41 (35°C) 1k, =2
UK, =1.49X107, K =10 THY ., H DAY FEEENDT
DD PHT I T, STIXIEEA L ERTEBIEE LD IR
TR ORI, FEfEEED HS(LL T, H,S(ag)) & HS D
IRIETHAET D, BALKFEAREE DO TR OT=HIZIE H,S
(aq) DEEHDHVLEENHHIN, HS D4y R4
% H,S(aq) DEER) 1L, (4) N b Pl pH EkFEAA
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Table 2 Stoichiometric matrix for sulfate reducing bacteria
KERZi—) [ 7 8 10 13 25 26 27 28 29
Spro Sac Sh2 Sic Xe Sh2s Sh2so04 Xs,pro Xs,ac Xs,h2
)dr kgCOD/m® kgCOD/m’ | kgCOD/m’ | Kmol/m® | kgCOD/m® kgS/m® kgS0,/m’ kgCOD/m® kgCOD/m® kgCOD/m®
i B REELE |HEREiH|RBETH
1 ) Joet B (3] k¥ | SR |14 R| BERIES - (FaEF BHA) | (BFBTRIA) | GkHRFIA)
BRREE ST (Xs,pro) D Seey
20 |FAEAVRICK D =1{4/70-Y,pr0) [ 0] 3/14- (1-Y ) | —9/14-(1-Y,,,) Yapro 0 0
BEASE ST H (Xs,ac) D Serw
21 |EFERIC KBl 0 -1 [ ol 1/2-(1-Y,,.) | -3/2-(1-Y,,) 0| Y. 0
ERETTH (Xs,h2) D zey
22 |KEIZKDEHE 0 0 -1 s 0] 1/2-(1-Y,p) | —8/2:-(1-Y,p) 0 0 Yon2
23 |Xs.pro® TR 0 0 o] ik 1 0 0 -1 0 0
24 |Xs.acDFER 0 0 0] “Zonti 1 0 0 0 -1 0
25 [Xsh2DFER 0 0 o] Eek e 1 0 0 0 0 -1
[eiBtm&A (mol/kecoD) | 0.0268] 0.0313] o] | e | of 0] 0.00625]  0.00625]  0.00625]

v &, RATEVVIRDTT. FIDE, iy ZEAB N IAIRPORREAEETT .

KERS10DNFAICEHRORKIT. HRGIZETHRBEOVIHHEALLEELSIRBEREHRIEIRATHS.



10 Wil&E T ST T /L 2 LI e S A b 7 L O FAfh

(B)VHRILKFHRDERRE Shasteq) TR P D IEAREE H,S 1 [keS/m’]

B D H,S (aq) IBEND, KA ~DOBENH L (0 nes) 1T K pos s WAL K FRIZBE T2~ U —E %1 (35°C) [kgS/m’ - bar]
(1) K-> TEELE, (2.45[kgS/m** bar] =2650[mgH,S/L+atm]®)

0 h2s=k; a (Sh2sta) — 32 phes/Krnes)  (7) & Dos - B A B A 253 JE [ bar]
ki a: KURDMRIEB BN A B 51/ H ]
Table 3 Definition of Kinetic rate equation for sulfate reducing bacteria in development model

j K& RIGEE 0,
20 | FOEAVBOBMYAH (FREETE) [keCOD/(Mm* H)] Ky opo*Spro/(Spro+Ks o) *Sh2504/(Sh2504+K; 5.0 « pro)*lhzs o pro*¥Xs.Pro
21 | FFERDERY A (FREEZETTE) [keCOD/ (m-H)] ki sac¥SaC/(SacHKs ; ,0)%Sh2504/(Sh2504+K 5c04 ¢ 2o ¥lh2s s ac¥XS:aC
22 | KERDERYAH (FiEETHE) [keCOD/A (m?+B)] K sn2*Sh2/(Sh2+Ks .,2)*Sh2504/(Sh2504+K4 2504 & h2)*lh26 o n2*Xs:h2
23 | Xs,proM3EH; [kgCOD/(m*-H)]

Kgec*Xs,pro

24 | Xs,acDIEH [keCOD/(m*-H)] Kqec*Xs,ac
25 | Xs,h2MIEH [keCOD/(m*-A)] Kyoc*Xs,h2
% Table 3 FDFLE1X, Table 1 DFLH-& Table 4 DFLFDEFRIZHED,

Table 4 Kinetic and stoichiometric parameters

KI h2 pro

34
kgCOD/m’

0.0000035

i L] Eid paral ADM1’

Kais ER /A AT R (X) D5 R E T 3 1/day 0.4 0.4
Knyet GH B IKAE P D ok 5 AR5 FE E 4K 1/day 0.25 0.25
Knyd PR T2 AIEE D INK 5 fRE E E 3R 1/day 0.2 0.2
Khya Lt BEE DIk fREE E 1/day 0.1 0.1
tresx MRS O R R day 40 40
Kgec_ai EADIERE K 1/day 0.02 0.02)
Ks iz ai TUOEZT DEBFELR kmol/m® 0.0001 0.0001
PHUL acet/acid pHBEE O LR {E(EE 4 A ) - 5.5 5.5
PHLL acet/acid pHIEE O FIRIE@ A RLE) - 4 4
K su BERFABREREOLRREEIUAREER 1/day 30 30
Kssu BEFABEREOEERECKTIFBMEHR kgCOD/m’ 0.5 0.5
Y BEAABERBEONE - 0.07 0.1
Ken 2 TE/EAABEREOLRREEIUAEEE R 1/day 50 50
Ks aa TI/BOFEBMNTER kegCOD/m® 0.3 0.3
Yo BRI B E O IRE - 0.08 0.08
K fa SRS EA R AR E R E D L R AR B BUGAEE B 1/day 6 6
Ksta ERIEEBOREREICHT HFEMER kgCOD/m’ 0.4 0.4
Yta EARAE R EE T FAER A R B D UREE - 0.06 0.06)
Kinz fa ERIEBAABEREOKRISHT IEEEH kgCOD/m® 0.000005|  0.000005
K ca+ EHEE, REBEAARERBOLSERETIAEEEHR 1/day 20 20
Ks o+ EHEE BRBROEERECHTIF:BMER kgCOD/m’ 0.3 0.3
Year *EE’; EREATI B E R UJHR - 0.06 0.06,

Kii v ; : i B
Ko car EHEE, E%%*UFHE&EEJZEONK%k‘H‘éBEiiﬁ keCOD/m’ 000001 0.00001
13
0.1
0.04

0.0000035

8

0.15

ik LRI 005

pHBEE O L IREEFEEFI A2 ERLE) 7
pHBEZOD'FBEE(H’?E&*IJHVGJEHXE) 6

0.0018

6 35

)|  0.000025

; i j 0.06
PHyL h2 pHBEE O L IRIEGKRFIAAZL ERE) - 6 6
pH pHﬂﬂﬁd)'FBEfEOki*lJHi}&/EﬁiE> - 5
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FALASRIC LBTEMEILE RO 1,5 A EICE®BE 0%, ERELATHEO TN NSRBI EF A T

BB ERMESTOS Y, Z0fb, G) LREEICHE  — 20X v TL— s ar m T T,

THED HS OHBFEHTHEOLLT, (8) K, (9) KT R

‘ : \ N : —> /MAAR
F#L7o, B)K, ()X TiEFRSNARIL, FEMERED H,S &
HE A< 2 L L RS M DI AR0 . o } gﬁ% _
. . ~
FHLRIG RN RER R T, y7os [ TEK
(UASB)
_ ‘ SL v\35"0
Ra=Ra s0°Inzsa (8)xK [RoK#E
Ry HfR AGRE AR, AR, FlERTH) O —Q—‘
SR RKRT
R ¢ BALAK DS ISR N 5 0D S B2 FKCOD, 4500 g/
oo B AR R B/ AR eSS I ) OB FKBOD. 3000 /i
RSB DIEPE DI FKIZAE 11.66 L/A
=771, . )
{ Tnzen=1— Shosa/Ki h2sa (ShZS(aq) <KLh25,A) (9) Fig.2 Process flow of experimental apparatus (UASB)
Th2sa=0 (Shasta = Kinzs,a) Table 5 Experimental condition
oA’ b KSRIT® = EE[kgS/m 07/2/7 | 07/2/14] 07/2/27 | 07/3/20
K oa: B IR A ORiitAb K35 FH 5 E $i(kgS/m’]
SEERHAR 07/2/13 | 07/2/26 | 07/3/19 | 07/4/13
ETNNRTA—HD—E% Table 4 |Z/R7, Table 4 == ﬁf_*g RUNO | RUNT RUN2 | RUN3
N o — CODcr g/m 4500 4500 4500 4500
< 2 N - — <
paral THEFRINDbONAEIRM LI RTA=ZET, S0, o/m 40 500 900] 2250
Table 4 OFFENT DZEEUISCERS) TERSAV TN/ AT A— T-N e/m’ 60 60 60 60
5/iitiZ ADML DB RITIEIL72b D Tlo%, Eio, Table 4 1000er/SOutE] = LS EEEY B E—
1Zh. 3k 1)C Mesophilic high-rate (1R & (&) 77 Table 6 Measurement condition
o 2 =4 B{T FK [ RMEK] HR FiE
) ELTERSNTOHMEE ADML ELTRBL TS, oraamme ym [ m/a [ima | - | Ae@Ekmstoova
TC(ZRK) gm’ | 1E/B | 1E/B - SRR ETOC- Ve
IC (EMKFR) g/m* | 1E/B | 1E/8 - S BRI TOC-Vosy
= 3 BEER g/m* | 1E/B | 1E/8 - BEEAIOTNI 5T
3. %E“%ﬁ’i Joei g g/m’ | 1E/8 | 1E/8 - ‘a"_]_;%;‘&w;nvwsjff
- | BBk g/m' | 2E/58 | 1E/B - Hacht BDR-2500 k8%
% AKAL W - B % D JF K (COD, = 4.5[kg/m*], BOD = F{?fg;}t% N o/m’ | 1B/ | 1B/A /8 wgﬂmufﬁf
N . L KFEHRBE m = = &
3.00ke/m'D IRl N L& BURSIOICIRANL, Fig.2 (R [Cognale % 1 — 1 — Toal —smes
+ 5L 0 UASB DAY FRE) T 7 54 CRUAST T, EBR — '
LR 7S = oL (REALTETR) 13, B - UK & — Egable 7 input c](ir;jdlétlon to modell)wj&W;k -
FIFEDFE KA MFL TS UASB V77420 Ehiigk L0k H ; zsu tgggg;mz CODCF—OSWO—SE o%g;g
aa g m .
L7=b D% 20(kgVSS/m* 1% A L7z, FEBr5/% Table 5 (27~ [ 3| sfa |kecon/m’ 0 0,046
4 Sva__| ksCOD/m’® 0 0.0017
9, RUNO OB IZRKFIZIT 2 G ENDIHDOTHY ., 5 | Sbu kicon/m3 0 0.015
N N 6 Spro kgCOD/m® 74/112*Spro_Measure/1000 0.037
RUN1~RUN3 CiE COD/SO, lbMZNZH, 9.5.2 £78D [7T sa kicoo/m3 64/6oisZ,Measure/1ooo 0,022
FONTIFME iR T N AOWRINEAT 57, 4 RUN O [ —Hesa, ; 00000058
Fﬁﬂ ﬂj: 1~3 5@ Fﬁﬂkbf’ 10 Sic kmol/m* IC_Measure/12/1000 0.045
N —o 11 Sin kmol/m® 60/14/1000 0.0018
WEELTT — 5 H 7 — S ORBBHE LI T ke (12 S tgggg;mz : e
C g m .
Table 6 |ZRT, > I2l—2arDOBEOET /VASEIX, |14l xeh |kscon/m’ 0 032
N 15| Xor | kegCOD/m® 0 0.31
Table 5 DA Table 6 DORENE 5. Table 7 DEfEEL [o] xi kiCOD/ma 0 0.70
oo Wi S 3al—sa lC B AU T ZFN ORI el e T 3 X0
RUNO LBk DB A S 2l —ar 1T 300 B (AU e e oot ; 0002
(53723 AL R ORI TAAREL Tz, 7272 L, (2] e TuscoDin C L
X B ICEAL TG OBREZHDE LTI, X 7D 81 X2 Egggg;mj 0 28
i g m X
Bz R B T O LA EL X RO M5 [25] s | esm 0 o00rs
3 5) .~ . 26 | Sh2so4 kgSO‘,/m3 SO4_input/1000 0.0036
244[kgCOD/m ] (COD/VSS H: - 122j ) Eiﬁéi? &:EXEEL/ 27 | Xs,pro kgCOD/m3 0 0.06
. 28 | Xsac | kgcoD/m® 0 0.06
71;0 29 Xs,h2 kiCOD/T3 0 0.07
SRal— gl BITAET IVRTA—H T Table 4 © i? SScat tmo:ima 0.00865+Na,SO, input/142/1000 0_01(1)

0
paral T/RTNNTGA—ZEZFIAL  HAFEAE R FE4EH AFD  XCODer=45[keCOD/m’]. Spro Measure: Bk T OE A~ B EFHAINE T OE A8 /m’]
. e L L. Sa_Measure : FUKEFBA &1 B fE[eBEES/m”]. IC_Measure: R/KICE I fE[eC/m"]
WAL K BIRE | ALK P OEER, 7 0t B2, BRER. BRI NaySO, inputldBiBs+ U™ L FME (Na,SO,/m’]. SO4 input: BKBREL M FE[eSO,/m’]
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Fig.3 Comparison of measurement and simulation results in acetic acid
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Fig.4 Comparison of measurement and simulation results in
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Fig.5 Comparison of measurement and simulation results
in dissolved sulfide
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Fig.6 Comparison of measurement and simulation results in sul-

80000

70000 —:I»RUM RUN2 X
. ‘s R

— 60000 O =

£ [ RUNO | 3

& 50000

i N RUN3

#8 40000 T :Ii

X .

R 30000

2 [

= 3 T T
20000 .'. = = -R¥{E (parai)
10000 —— & JL{E (calib)

oo

2/7 2/14 2/21 2/28 3/1 3/14 3/21 3/28 4/4 4/11

Fig.7 Comparison of measurement and simulation results
in HsS gas concentration
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Fig.8 Comparison of measurement and simulation results
in gas flow rate
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Fig.9 Composition ratio of bacteria in simulation
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Evaluation of Anaerobic Digestion Model Added Reaction of Sulfate
Reducing Bacteria

Takumi Obara, Nobuyuki Ashikaga, Katsuya Yamamoto
TOSHIBA Corporation

Abstract

This paper presents the development model that includes the reaction of sulfate reduction
bacteria into anaerobic digestion model No.1 (ADM1). To evaluate the model, the experi-
ment with 5L apparatus of upflow anaerobic sludge blanket process (UASB) was performed.
In the experiment, sulfate was gradually added to the influent composed of mainly saccha-
rides. This paper reports the evaluation results by comparing the experimental results with
the numerical simulation results by the development model in gas flow rate, H2S gas con-
centration, and effluent concentrations of sulfate, sulfide, acetic acid, and propionate.
The results indicated that the model was useful to predict gas flow rate, gas concentra-
tions, and effluent concentrations in anaerobic digestion process.
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