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Abstract

Background and Objective: CO, concentration as the main greenhouse gas, is growing in
atmosphere and many alternatives have been investigated to deal with it. However, harnessing with the
aim of biomethanation seems to be more economic.

Method: In this study a mass transfer modeling was conducted for a biomethanation process under a
batch strategy aiming at maximizing liquid active volume. The accuracy of modeling results was
assessed via comparing with experimental data and kinetic results under zero-dimension study. Then
one-dimensional study was conducted in order to investigate biomass and hydrogen concentration
profiles within liquid phase of the bioreactor and active volume calculation. Response surface method
(RSM) was also served to investigate effect of temperature, pressure and H/D as three main factors
on active volume followed by response optimization.

Findings: Model accuracy was confirmed by zero-dimension study. One-dimensional study was also
revealed that biomass growth dispersion within liquid phase depends on hydrogen profile
concentration on condition that both hydrogen and biomass diffusion coefficients were assumed to be
equal. Their degree of magnification was 10° m?2.s~ 1 in standard conditions. RSM showed that the

*

three studied factors significantly affected on bioreactor active volume. Meanwhile H/D, pressure
and temperature influenced the most, respectively.

Discussion and Conclusion: A batch bioreactor with H/D < 1 and high pressure and temperature
met optimal conditions for biomethanation; however, process economy defines operational limitations.

Keywords: Biomethane, CO, removal, Mass transfer, Hydrogen, Mathematical modeling.
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Figure 1. schematic of the studied bioreactor and
hydrogen mass transfer from gas to liquid phase
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1- Response surface method



141 e b o 5 Jaamo 1 (255 a6 Bd> o] )3 52 JUKH (g5l Je

2oL —
0z

Cp, = Cgi/Hr

zZ=12z: [QRD)

t=0: on
250 Cg 5 Cpy e 5B 55 Uggpnen I8 il g o5
Dy sl 55 5 mle 56 50 G390 adsl cale o5 )5
sbaie an aS Cwl mle 5B o 39 0 55 S9d oo
S S Oye an i (Hly Lulyd 4 ol T SGa
a8 gl mlie 5l les g (gled Ll o )0 4 iy
Dz & 45 abbie da e 5 s HTOF 1Y)
@ azgs L.OV0) o sl mlis 4y Pl Lid g Les 51 2l
ol Cg 55 g 09,0 le 51 (YL sLas (o5 Sgame
Y a5l e oo cpl b csls valys Sl 5 Sl

S5 5L 5e i 55y JU oS> dolae plgie

Dgas oolaiwl
2
p 3% 9% v
9 9z2 ot

L 3l VY abal) (6l 5Li 0550 adsl byt g (5500 Ll

REAROUNITERTACRE SN

d
2=0: 22 = an
0z
((Cgs/HT)_CLs) (\0)
Z=Zg . NH2= DLA—Z
t=20: Cg, = constant %)
l

oS Ny 51556 50 (39,008 55 3545 o Dy a5
Ojsyee ol Cgs 9 CLs GB350 35,00 515 (5354
alaf, w55 5 mle glagls Syt Jad o iy 4
P90 S o gwhaw ;0 02 JWHI G s 01 (23 5110
oS alslas das 52 00 alodl (g3l Jko o el 00y Lol
o g ol o plojed &g 4 (S OYobis ol jorr o
0,5 4

T Gy gy Lol p Fige Jolge (55lwaingy
Sldes o5 conl g lel sla iy, 51 (Ko mhaw galy b,
) pleser &y an ]y Giulesl (b 5 o5l aige
1 acls 18,50 Jelee olesoe o oS & g w0 o
ol 53 Sgei ey |y Jolse GiSam il g lolits

92 Cy

X 9z2 M

at
L @lae ¥ oadad; sl 5o 050 adgl byl g (650 bl

D ™

sle @) LB O LY Ly,

d Cy 0 )
Z=2z,: ——=
9 0z
z=2z, : —=00 %)
L oz
t=10: Cyx, = con.stant ™)

wle 56 el Z) cpole 5 50 uoge 395 oo Dy o5
&b o) ;555 05,0 5 6 elis)] Zg 5555 090
cble 5 jsilie labiod clile Cy 5 Oy Gao b iy
b Ol ) Ix) megmr 055 £ 5 2Blios 0jglie sl

Dged iy, 7 oala
ry =Yy (1, —mC,) *)
Ty, = (" CIC./(Cy+ k) )
Ay Gmoge 9Js5 035L Yy (3gsaet Bpan g5 Ty &S
Sl oy M glo 6 50 Jols (39,008 515 B pan <l
ki s alo 36 50 Jsloma (39,00 ile € ol )1y Soce
O390d Byan aicin @11 aiil e plidlaas cols
tolne 5 A by Lasgs oS e oS g Se Lanwgs

qlrlnax = (I/YX/L)”max +m ()

slo el ol ol )lg S 05 ) aiion Uiy &
ws kg m Yy ol 5L o,0e (S
i oIS Sl 5 sl alEilesT calies Lyl
oolaiul 8,90 gy Jladl oo, g5ke Joe jo g wad g5l
RBs e slme (g Sl aplne jolaiey a8 518
el b 56 5o Gigyed 5 sln ez Jl @S> dloles

g alady Beb o] Glyiiee oS

a%c, __ac,

—_ — =L @)
L32 T at

L illas A alay (5l 5Ls 0590 adsl byl 5 (5500 ol
aile ) B VY B Y- L,
C,=C,/Hr 0




Ol on g9 (5 e

&q OLO KO- W) |‘\~Y‘ O)LQ-h:J 6“»-1)‘ M“ (535"5'&'3P5'L= ff

YT los ,o JS8 ool oiS o gl & ], Jol> @l

)99 ¥ LSLQ‘)""“)}“" MleiwL)Lio \- 9 I\ )Lwﬁ su.t}lf

oo il opl )0 Al s 3 alesl s, B ley Do

-9q 1

mZ.S_ )\..\9.4 sDL sb.j )«) U)B)M )lf »’)5—5.1‘
Sade cpl b }QDX As o,8 aS (V) il e £/VAVXY .
GilwJoe gl sl asine @ Y S 51 aS” 4665 les
Syge 4 VWV oakl) 3.l oS ml )0 3,000 515 02 Jlil
O 5Lad 50 50 50 (e ba) 0b e 5 0o b (G (5:Sikee
Gal.i.i;.luﬂ sleosly b s> Lz cdo L KWL Ve
ey 09, YR g 59, YYIA Loy b oailyd g9,0 olo;
jLé O9° O39y9eR clle a5 J&”b&" N 9 A )L“i"‘é 6‘)?
Cawl 00wy Sho 4 ayieilin Lawgd Bras Lo 4 ale
@ b B Gio,mee d95 s 4 (St slaosh

L gl by Ghs, sobaie (poe 08 gy )8 Bl
Eyorma ;3 9 S5 51,8 ooliul 090" (535 10 oS o Aok
roks ) Jsaz i >l Y L i O e b ilesT Y
Sl ;S8 a4 a3Y aeo o las | aslllas 5,90 Julse calie
S wb ploil s 4 H/D Jole calises zolans aslllas a5
539l el ey (3L s e e 558 sl x>
Sloghe b ad)S s lajelie W) Bes GeBiod ()l
a5 Sl H9iSTy5m 09,0 @l L8 5l (s ) Bas
9 Ohasd Span 4 )38 Jb &g ) b pedlS )l S
53 Ol adgi il yiin Gee (pl 5o aites Glie 0y
oluadl Ll jlogh oo plol 9351500 51 (6t o2
L JU et Goe Plax o5 03,5 (2yb (65555150 ool y20
30 mego Oyl de ey aslie Coge b atils
e Glsie 4 55, TO s 03 sz gl alos]

A a3 8 e b gilesl eled slp cdli g pasein

Sy g Lrasdly
B 5o e JE 5o Joe gl Cos i laebl jslaie &
9 omager 35 5l ol @l o 5580 9 e e g ol
Vg7 Ly, 5l ol S glologai b (59,000 8o
ol 28,5 13 anolie )50 (LT glaosls (izeen 5
A oy (Sloy Cunls Laid) gom ho slad jo anslie
2 &l 5B 0 Gees s Oigyaee slacdale Sl jslate o
YA 5 WV ks, Gl cosy a sl el by S
385 0580 (258,18 al bl plondl Gl (655 (e Sole
3 ol Ll alKealeg] Ll o5 axile (5 oS diges llasd

DS o0 Byso e 58

fZZLg CLdZ
CL.ave = Tz av
g~ “L
z
fz,:g Cxdz VA
CX.ave = 242, ar

cble o Sile cul CX.ave 9 CL.cwe ol o &

VIS abbise gle 518 Jsb 5o ege g Jolome (y59,000

1- Central Composite Design



£5 e b o 5 Jaamo 1 (255 a6 Bd> o] )3 52 JUKH (g5l Je
ks Gealy lo3T (15b (515 S5 090 Zolauw 9 Jolge —) Jgux
Table 1. Studied factors and their corresponding levels for response surface design
Tob .
b ,qs58
—Q -\ +) +a
¥y . Y. Y. Y. Yo- ((slS) Lo
o v/o Ve VIO VO (Ul e
- 10 ) VIO \f Y/ H/D) s & elis)| e
V. 1,5
T Sl Y " Sl .
: ezt ' S
s 2| lommon
f . B alileil eols F-0 % A
i:-: ¥ ; ¥

. Y.
(32 ole)

<

Gl p (P lo)] sosls fisred g Sudiomw 31 Jol> gl b p > JUE! g5l Joto 31 Jolo gu b Lo ¥ JSCis

Cd piiy 595 FO ploj ko 50 g JEWL o )e 90 LS 0 glS YT+ (slod oo (y5gilio by (09 59y B puao (A

sl b

Figure 2. Model results comparison with experimental data and kinetic results for a) hydrogen consumption and
b) methanogens growth at 320 K, 5 and 10 Mpa and 45 days of process
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Figure 3. Model prediction for a) soluble hydrogen and b) methanogens concentration profile within
bioreactor at 320 K, 5 and 10 Mpa and 45 days of process



18/ e b o 5 Jaamo 1 (255 a6 Bd> o] )3 52 JUKH (g5l Je

oy &S Sl aziee §OSE @ ax g Lall 5 SGop
; . L e <.
29y & S kbyy )R L omes

FBsy 4 65505 bligy Vo Syt RY¥H

3,15 (559,000

omoge aale oS > tay cod iy i ggbse oyl Lol

Sy b S b 5o Geega S5 cupo cnlple

Joloe (59,000 clale Ly 4 uog cdale Jolog a5

.. 1AL
oo
; AR
. — — Cx at Dx=6.3e-10
L | s Cx at Dx=6.3e-
3e-9 120
= ¥ — -Cx at Dx=6.3e-8 o
; <
E _ + Cxat Dx=6.3e-7 V.00 %
= w
3 .. —cL g
E “ 1P =
o T ¢
1Yo
I 1
‘ W e
.‘.‘. \ ............. e
I . Tt
18
-¥8 -0 - Yo 1Yo 1.0 1V ¥
&le 5 glas)l

s loj 50 58551y Job 30 (mogn 9 Jokoxo (359 00 Clle (sl 1oy » Dy Ol s 56 -F U

Figure 4. Effect of D variations on dissolved hydrogen and biomass concentration profiles within bioreactor
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