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Optimization of Photo-fermentative Hydrogen Production
Process Based on the ADM1 Kinetic Model
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong Univer-
sity, Xi’an 710049, China)

Abstract: To comprehensively elucidate the kinetic characteristics of major metabolic pathways
involved in photo-fermentative hydrogen production, this study developed and optimized an (Anaerobic
Digestion Model No. 1) ADMIl-based photo-fermentation model with glucose as the reference
substrate. The model is grounded in mass conservation principles and allocates the substrate to three
key pathways: cell growth, product synthesis, and cellular maintenance. Twelve critical metabolic
reactions were incorporated, maintaining stoichiometric consistency, and variations in metabolic fluxes

were represented by adjusting reaction rates. A "two-step" approach was used to efficiently determine
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the kinetic parameters based on microbial glycolysis. Experimental data from photo-fermentation with
varying initial glucose concentrations were used for model calibration and validation. The model was
further refined by including lactate and ethanol as intermediate metabolites and by considering the
effects of pH and light intensity on substrate conversion, biomass accumulation, and hydrogen
production. Additionally, the impact of pH on carbon metabolic flux was accounted for. Results showed
that the improved model significantly enhanced predictive accuracy, with correlation coefficients
exceeding 0.96 for hydrogen production, bacterial growth, organic acid production, and the variation of
light intensity and pH under different glucose concentrations. Utilizing response surface methodology,
optimal conditions for photo-fermentation were determined, with an initial pH of 8 and light intensity of
5000 Ix. This work provides important theoretical support and a modeling framework for the
development and control of hydrogen production reactors.

Keywords: photo-fermentative; hydrogen production kinetics model; organic acid; ADMI; process
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metabolic pathways for glucose

conversion.
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Fig. 2 Schematic diagram of the structure of the energy conversion model for photo-

fermentation substrates.

1.3 BRSNS
R T G A S i A R
SH, BT T SRR, oA

THRRIRPIRUE AR, 15k, (R
FLIHFEER) | K CRIERHEED) . &M

MLER A B R B AE WAL 280 LIS
SrEEfE i E REE R ES R, ]
BVEFEEL (ST EXUF .

yqr%— (1.8)



TEE MG, 25 . BT ADMI )y AR RY Rl e el S PR AR AL AT 7

A1 AP H Bk K B AR AR AR Y AR R T A2
Table 1 The biochemical reaction process of carbon source metabolism during the
photo-fermentation of glucose in the mode
AL L R AT

C.H,,0,+3H,0— CH,COOH +3HCOOH +H, +2CO, F, A=Y, —m,)f, R1
C,H,,0,+2H,0 —2CH,COOH +2C0, +4H, Fo A=Y, —m,) f, R2
1.5C4H,,0,—2CH,CH,COOH + CH,COOH +CO, + H,0 F,(0=-Y,-m,) f,, R3
C,H,0,— CH,CH,CH,COOH +2CO, +2H, F, =Y, —m,) f, R4
C,H,,0,—2CH,CHOHCOOH Fo,-0=Y,=m,) fi RS
C,H,,0,+6H,0—6CO,+12H, Fo0=Y,—m,)fy R6
HCOOH — CO, +H, Fo-(1=Y,,—myg) R7
CH,COOH +2H,0 — 2CO, +4H, F . X-Q1-Y,.—m,) R8
CH,CH,COOH +4H,0 — 3CO, + 7H, F-A=Y,,—m,,) R9
CH,CH,CH,COOH +2H,0 — 4CO, + 10H, Ey =Y, —m,,) R10
CH,CHOHCOOH + 3H,0 — 3CO, + 6H, Fi-A=Y,—m,) RI11
A A SF YK X RI2

Xrpy BEAS 5, p 20T S%.
SIZ7R p 284k 100% I y B4 %28 4k
M SHEMIERT, FRSHp 5 HRA R
yEIEAIEEN], BRI A,

1.4 BB SHNE

TEAREL D, B R U0 R B
HBELAT [ A 2E T R BN A: Py i
i, XS RBUERYE A Y RE e AL
SN DT FERAE 1Y, 40 Hassam %5 A H BT
iR, fimEZ, st EitaET
& B RONS, AN[A] ) S B AN [
() SN AR LA R PG . AR
AR B ) o] 2258

AL HR—AHLIR IR, J6h
T HYOL B — 7 AN, ST E
PP, SRR EA LR T R 2l
T S8 WPESEEPLA 1 A PR &
TR BN ) PR 28, PG LI

RN R A e Bl A R 2R K

1.5 WA

PG R BRI 1Y B F s
bR, FRIEM AR 5 S 550 0 4
ARE ATEAK 1.9 PR

2()&-—2[)2
ZWY
Ky MR E; 2 WAIME; RBUE
JEETE 0~1 Z ], BfEdkeir 1, HAl
BRI . EA SO ILA I E T4

e B A 21 5465 R0 % T S B A Y P05 1
O, FREIUE LR A

R=1 (1.9)



8 [LL7S

s

SN S

XX &

2 GR5SiTH
21 BAEBUHNNE

WHTATE, R T8 T kAR R
SEACIH RN, A5 12 AR AR SO
38 S M, AR A A e Rt
PTG SARKRIATENE. TEADT
FEP P AL A TR IS S JOE , I
SRR R AT A8, WE T
A PR AR, AR PRI 5
25 Z 8 TERE Ja F TR K I8 114 52
B RARAG A RAR 13 028

2.1.1 AT PLERC Kl 2h J1°F 5 5

FMAAFEAHLIR (FiR. 2R, N
M. TR, L) JAsrscmtids, &
FHARZ M N T 2 A, Al T
AU F 2B 12228 R AL
PRER SRR, ARSIy
MRS 1258 CRBLIR 1Y B K L
BUORFCERAE B, BARSEI T &R
FFi7s o

K13 JE7n 1 LIS HLIR N ISPt
R R R, ARk
AR LA B SV R AL A S PR
XF Lo TEVAHTIR A P Y & Tt b
RIIFEA AR, WIRATEZAETH
FE, FTLAHRRER T 4ERp0 A 4 i i 2Ll
AL, H T ER RS RO A AR R )
IR AT R. sphaeroides HYO01 ]
LU SN IR E IR S IV S O
4014 ghFil g (gA:¥HEeh), [
LA TR N B — ) SRR 2, A
55% HYEPIBH TG R AE Y R A

B, AU 40% 0 HL 95 B 2 A
o AHJE, CRREK IR, 5
#0.14 g/, FTRPREE DL G A A
Y, ERDCARRERL. LINRR, TR
RIS, KA BT RS & AR
7, AR T 3000 mL H/L, {HF
TERBGHR AL, SR MK,
60 h A RBZE HOL K e, X LA ZE SN
SEEEE R I, AR AT R SR
M. Cm2. NRRAMZFLERIDG K I Fid
e, HREEARGER . Y
P EUa AT E RECR KT 0.96.
£ Maria $ H 9 e 1) ) U8 v i
I TR, TN T TR I fi K FLARICR
N4y ) Ab F0.22-1.94, 0.08-0.70 FI
0.16-0.67 gh, £F & A B A Al 1+ 19
SR,

FLIR AN B2 DR Al st 7 v iy 7
PR R =Y, 8 B HERRAE ADM1
BARIZ A SR, Sk oA A A
RS FRTOREE MR, [FRELR
(14 FL B BRI X LA, % pHL{EL A AR B
s, KUk, i ADMI LR h
)40 2 LR AN I, FLERTHFERY 3
FT12EBH, kMK RS R4 3 52
ek Rk fhiit, &Pk, =028 g/h MK,
=0.9 gAWYiEh. 7E Antonopoulou £}
(1) ADM1 A5 A v, % 30 7L T 70 R 119 4
KILFEHCE £, 53514 0.24 g/h, JEAGHF
FE 2145 . RFaR 2 R —A> AT RE AR R
AT RBSE A SN R G IS T TS A 1)
25, VIR EE Tk Z RS
TESCE AT, /). pHIH . JEY)



TEE MG, 25 . BT ADMI )y AR RY Rl e el S PR AR AL AT 9

FRIAG I LA, TR e Q™

Py~ LA AR S AR A 3R

20 e S

i L gL

AP sl

R g =

: ey SR S

[] m @ ] 80 [ £
HHim)

A3

- 1€}
- = . e |
B ==
. = .
o’ - 2
PO P, 2500 i LB &
i S 3 e -
e 0% - 3 !
- - E ’
’ . 4 = 2000 | / FI)
- = -y i ‘; .
A 1500 - i oL
f LA
1600 ' & 7. e
i g |
My ra'r A L
J=F
o
60 an [ w0 a &0 &0
LRy B Ly

AR FVA BB A RS (a) R, (b) EHFREELAZ (c)

AR KA,

Fig. 3

Simulated and experimental values of (a)

substrate concentration, (b)

biomass concentration, and (c¢) hydrogen production using different organic acids as

substrates.
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Table 2 Parameter values and model
fitting coefficients derived from the
fermentation kinetics models using

different organic acids as substrates.

28 Wiz | e | Wi | T | 3L
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Table 3  Kinetic model parameters for

hydrogen production by glucose photo-

fermentation

B4 X ot
K. AT AR R (2/L) 18
K, | AWK L IHAEER (1/h) 0.23

Y, | AEWEIRRAE (o/g HI%INE) 0.21
m, AR REL (1) 0.128

C, HMREL (g/g W) 1.8
K,. AT R E(g/h) 0.006
Sougor 7 R L ) 0.1
Soac 7= LR 0.01
S PRI LA 0.07+i
S P T RR L 0.03
St FEFLIR L f 0.1+
S 7 LA 0.002
Sowriz PR A 0.35-2i

TR B R SR RS R 3 28 A 2 A
FIBUEE R ILE S, KIRYWE |
Wy AR o 14 TN fh 8 5 S S X 7
1 RMEAE 0.96 ~ 0.99 Z[a], FEHiZAR
X RIER B AR AL . ARk B AR AL AN

S HAT BT i T g
2.2.2 A7 PR L = BRI 55 0k

2 W 1Y) R B T AL 2 TR
i NIREL . TR, BufEH L.
FURRER AN 2.1 X e K =0 E Ry v il
=y, 1E—E 50 T S aksnifE
M-S BRCBSN, HAedmrs
YA AEAERT T pH HA TR IR A 5200

AR B TOGA 4R A K A
A fREE AYS2 . Huang 55 A8 #4000
VR T A ALER A B pH AR ME:
Rifi 5 pH BIBEAR, A0 2L 7 T iR A1
LIRERT A eI, |EUT TR
PRI L) R BERY B g | A
SR IR LB R B, S AER Hb %)
)T T L R R A A BILIER 1Y L 461 AR
b, A APLIRAILS 2B E]0.88
Phbo st k, mTREET pHXT
L R B 5, TR R I R 2 AT e
LR IG5 AT i %8 T L Ag ZR AR S e
FHR, X o TR R 2=
R

FERWREE A e, T AL
R A 7=, pH PR B AT B pH #1
MG, #—DSEAEVNRIRE, &%
BERVIR G () F0i 11K pH B O T 190 &
W sl ik 6 s, BIEIIG R L
HF7£0.92 L) E

2.2.3 BORGEE

AR LE TR A pE A AR A
{H HFLF Luedeking - Piret £5 U fit) HE 48
BA—@ s, EE sy ssme .
FERR A Bl J1% . pH MG TR PR 4 HL ]
HEA —E NS H 1, A% &
i = HADH W20y, WA, R
Wi A HUE KRS, (HRGE T
BB T2 [RIREAR AL A
B S = EOR IR T R. sphaeroides
HYO! 52908l , ARDGE A R 7ELR
WHREPE . DG NRE T . pH A2 PESE T
T REAAAEZE S, R ARIRDEA i iE



N

R PN 5 XX %

il 44 R L)

-~ N W A W oW @

I SRR T | TR DA

T A REMS AR RS Y TS L

] [
001 M
0.02 M
oo D03M S e |
0.04 M R,
Htn
= ARl

0.1 M
nozm
-~ 0.03M
0.04 M
i
Al

8

0.01M
0.0z2mM
--- 0.03M
0.04 M

P A
W e

§

§

T iNgiL)
FESLARAmL H L)

g

g, :on
.
oles

A5

Figure 5 The simulated and experimental results for (a)

(b) biomass concentration,
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Figure 6 The simulation and experimental values of (a) total organic acid content

and (b) pH change at varying initial glucose concentrations.
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