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ABSTRACT Global efforts are focused on achieving carbon neutrality due to the increases in the levels of greenhouse gases.
Moreover, the greenhouse gases generated from the disposal of municipal solid waste (MSW) are the primary sources of emissions in
South Korea. In this study, we conducted the biological conversion of syngas (CO, H», and CO») generated from MSW gasification.
The MSW-derived syngas was used as a feed source for cultivating Eubacterium limosum KIST612, and pressurization was employed
to enhance gas solubility in culture broth. However, the pH of the medium decreased owing to the pressurization because of the CO; in
the syngas and the cultivation-associated organic acid production. The replacement of conventional HEPES buffer with a phosphate
buffer led to an approximately 2.5-fold increase in acetic acid concentration. Furthermore, compared with the control group, the
pressurized reactor exhibited a maximum 8.28-fold increase in the CO consumption rate and a 3.8-fold increase in the H, consumption

rate.

Key words Carbon-monoxide( % AF8}El2), Syngas fermentation(gH4d 712~ ¥ ), Acetogen(OFA] E4l), Municipal solid waste(%=
Al AL ¥ 7| &), Pressurization(7}43-4)

1) Researcher, Gwangju Clean Energy Research Center, Korea
Institute of Energy Research

2) Researcher, Research Center for Innovative Energy and Carbon
Optimized Synthesis for Chemicals (Inn-ECOSysChem),
Gwangju Institute of Science and Technology

3) Principal Researcher, Gwangju Clean Energy Research Center,
Korea Institute of Energy Research

4) Principal Researcher, Bioenergy and Resources Upcycling
Research Laboratory, Korea, Institute of Energy Reserach

5) Post-doc Researcher, School of Earth Sciences and Environmental

Engineering, Gwangju Institute of Science and Technology

6) Director, Research Center for Innovative Energy and Carbon
Optimized Synthesis for Chemicals (Inn-ECOSysChem),
Gwangju Institute of Science and Technology

7) Professor, School of Earth Sciences and Environmental
Engineering, Gwangju Institute of Science and Technology

8) Senior Researcher, CMC department PI Team, Kobiolabs

9) Senior Researcher, Gwangju Clean Energy Research Center,
Korea Institute of Energy Research

*Corresponding author: werwers@kier.re.kr
Tel: +82-62-717-2424 Fax: +82-62-717-2453

Copyright (¢)2023 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



1LME

ARIBP7E AR B 009t HEh} 7 24 7120 wj
Zo| Z7leHA H1, o]Z <laj Ao 7] L0] 1.4°C A%
3l 7)15stel] w2 Alzgo] Fvpskar gick A AlAIA
o7 A Fedsle} 514 A 70| Blaiel tial] 2AI7kA 7t
23} AR JREE W3S a7l glor 7e]y)
TSRS Baf AN EA AR giA 714, w1
4l 3¢] So] K HofA mjgyiA B 5 sl 7|80
o= sle} e LAZRA 7HE Al eg st Qo Y gjgt
W22 CO, HiZ0] 9HAR WA 7} 2 2AI7EA HiZ
ol 29191 % 3 7} A1 A 9)7]E (Municipal
Solid Waste, MSW) 2 215t EA|o|t} -2vle= 90%9°|
Abo] EAlolA] Akl glom o) WA ubere] o)
2 Uelol] vlel 8-9u) A= o] th =AY A {712
)71 850] E3tElo] glo] Ak w7183} ge) AHdskr) of
ek 2 A7 L] 419%% 27 2 v o]
COZ iZa}a Qlom B MSW S &A7kA ujZ
22 718 ARelA 87% ol sk ek, P st
Z7ksle MSW WhAekS: Zhgslz|al mfgel A9 7Kgt

wjo] 7 Se] ThehEa gl 27}0) A9 Ak

o) W) EAGS sl BYHALE F5) SOx, NOx
7HHPISIA QR 71 AAAZRALE 5 A o] el

CO%} Hpol B2 o || 347} 7hsstal, Amet sfehad
2 W3lo] Ho] IRIPIE o] Zold 4= g}
PI7EE Ak T SHE 085k o8 S} w|AY
& 3 AE e AR8RIt). 381Erl= Fischer—Tropsch
TS Fl 11-2(150-350°C) ¥ 119H(30 bar) 2] 270
A A A7 @ sRshEAR waksict 7 oo v n g
2 |83t 7kAdta 3L 30-37°CY] 22} o 7%t
2o T2 e u 2 Y7k Hekeh o S E
o] g5k o] FAulE SHolA skt weka 4
7HAE vdE Hie] SO R o] 85k FAH|-Eo] A
HolAE, FAd7Esol 25 H 0] CoO= vA=E vl
= AsAl7]aL, W ol s njAEo] o857l ol

of Sle}. 7SS B3l Wart 7Fs st oI EAI(Acetogen)

¢
[.
11](e3

36 A AdoAX|

o] Qlom o]|Fo|| Eubacterium limosum KIST612= =
2 CO FEAME Hold 4483 HE 01831 CoE
Akl 4= QlotA] 37 Wi 2A7EAE 72 S8 T 4=
o} o1 ol EAIL Wood—Ljungdahl A2E E3) O Y
COs, HeZ 53| acetic acid& YAV ukg-2e thga}

[11~15]
£t

4CO + 2H,0 — CH3COOH + 2C0O, )

2C0; + 4H; — CH3COOH + 2H20 (2)

Acetic acid ¥4} olU2} butyric acidE EZ3kst 574
2 OIS Fo] 28 5 9lom, olaie fMke 3
BAE Fol L AR o8 4= AL vinyl acetatelt
cellulose acetateS3} Z-& chemical A% E= §7]4F
& 712 & 3= bacterial} yeast, fungi®] 5-23F g4
70] 2 % et

O 7|} el 7k 7102 Yol 1 Ho] 4
Al O1FAA] ¢har, 7]-H Mg whERk nlgEe] 7dR
ol-& & 4= Ut} MSW - 4 7k20) AR CO,
COs, Hyolt}, O] Hyot CO= 84 7IAI= ulfA] el
A gali=A] St 237] diee] 24 A S 9
gk ol Fastiltt Eek A 7k W COp 2 QI8f Hj#|
pH7} So} 3Hg 7ol whet 71 2219 pH =g &<l
35, uljx] ZH3} e s gl

B A= B imosum KIST61225E A7 AHIg S
S 7 AL SRS 8l RS TS ARSI =
gk A= R4 718 O, el ARCE 19 pH A
Fe Hebshr| ffal thefet wuel we= wiRs skl
?h, MSW el @47k A4, 7E83] B, AFSH,
bed, Bk 10| w2 FHAg7LA 2Ado) Tiebsict ! a8y

ol

d

N

¥

2
B JPoAs 7pARE H#520l B limosum KIST612E



uisi)

7 z7AEA wioFsloint ® mE Wiz trace element
EQRE 71 EHAE Alx, At ohe o Az, Eat
HEPES, vitamin -85 o5 % 2140l A=k X7t
3oy Z0]5}gck, )% iR NaCl 0.9 g, MgSOs-7H;0
0.2 g, CaCl-2H50 0.1 g, NH4Cl 1 g, trace mineral 10

ot o

ml, yeast extract 2,0 g, redox indicator(resazurin
solution, 0,2 % v/v) 0.1 ml& 551 Lof| &3] 2%
pH= 7,22 243t} 100X trace mineral-2 chelating
agent?@l nitriletriacetic acid(NTA) 1.5 g/L-& Z3}510]
FeSO4-7TH,0 0.1 g/L, MnCly-4H;0 0.1 g/1, CoCly-6Hs0
0.17 g/L, ZnCl; 0.1 g/L, CaCly-2H,0 0.1 g/L, CuCly*2H,0
0.02 g/L, H3BOs 0,01 g/L, NasMoOy4 0,01 g/L, NazSeOs
0.017 g/L, NiSO4-6H:0 0.026 g/L & NaCl 1 g/L2 3t
Foh= goltt, 7| v E E7|E serum vial 160
mlof ¥jX]2} head space®] H|7} 242t 3:50] HE=s £
3o] 121°CoJlA] 1587 a3t} Filter B3t vitamin
|y} HEPES buffer(0.02 M, pH 7.2)= 7|2 Hjjx]o]
H7Vsto] ARSIt AZE 500X Vitamin 8992 biotin
2.0 mg/L, folic acid 2,0 mg/L, lipoic acid 5,0 mg/L,
pyridoxine HCI 10,0 mg/L, thiamine HCl 5,0 mg/L,
riboflavin 5,0 mg/L, nicotinic acid 5,0 mg/L, panto—
thenic acid 5,0 mg/L, cyanocobalamine 0.1 mg/L,
p—aminobenzoic acid 5.0 mg/L 2 lipoic acid 5.0 mg/L
2 249" wx)= serum vialS A}&35le] MFC
(5850E, Brooks, USA)E &-83}0] Ny 7|A|1E B3l €71
A 2718 W= Serum vial®] AR 119 HtE
7] Aol =523k COE ARE-Sto] AHhe) 2 barz SFGIT
Seed culture®] 1%(v/v) FE35}9ia1, o] vljoke 37°C,
150 rpmC.& B = I}, 5N NaOH -85 4715t pH
£ 7.0%2 24353t = YT 21ofl4 OD 0.40]

A A HheRe ol BAE xStk

2.2 OJYE B

2.2.1 HIoi| 2 iR

SHAI7EA U] CO22} acetic acidXYAdol Whe pH #|3i=
Q18ll HEPES buffered basal medium(HBBM), phosphate

buffered basal medium(PBBM), bicarbonate buffered
basal medium(CBBM)2 H|w5}o] A& 2138519tk HEPES

buffer®} 0,02 Moj| P AE-S 9J38] KH,PO, 0,01 ML =
7¥sto] W& o]8513ict PBBM KHoPO,2F KoPOsE
Z3k510] 1 M AL 3 0]-85199et, CBBM-S NaHCO; 1 M
= ARkl o}-83131aL, HE Al GA] P Adi-Z 918l KHoPO,
0.01 M2 gojF=of ARG ]It} 7]&0] AME-5HE HEPES
buffer 0.02 M tj#|5}o] PBBM, CBBME 7} §4d7}A~
2/ W& 0,02 M, 0.06 M, 0.1 M] 2A0& AL A
sY5FoiTt. 120h viQF 53 714 Q] ofo] RE£51A] PEF
head space®]] ZF M7} ZAER 48, 96ho 7FAX]3H
sto] Z71staint. = AtollA] ARgSE 7FAZAd-2 He/CO
= 0.5(CO 30%, Hy 15%, CO, 45%, Ny 10%), Hy/CO = 1
(CO 30%, Hy 30%, COs 30%, Ny 10%), Ha/CO = 1,5(CO
30%, Hy 45%, COz 15%, Ny 10%) & o)A Algslsict,

2.2.2 7ty HS7| B

i) 220] ™ol H 5, 71A & 718 ZAH

ro
u

BN
ox,
o
Lot
r [¢]
ol
ol
2
ui
)
i_v‘
—
=
o
B
=2
=
o2
2
lo
S
o
B
o

ol g3t 71 v} FUsHA wiA] EHIE F &, 7t
2 2748 Hy/CO =1 0]-§3}0] H/d712 1 barFE 10 bar
7HA NoB o]-8-510] ol ¥isks £9it), 7Heh vk A

& oFH S wjop stz 7t AR 2 271¢] vt
7|5 &3l 72h, 120h = §¥1 OD&} 74t F=E 418}
et AAE 71REE 719 B Fig, 13 2o tilting

shaker& &3l vjFa}taict,

Fig. 1. Pressurized reactor

2023, 12 Vol.19, No.4 37



@79 A% B4 99 WAL o) BT
(UV—2600, Shimadzu, Japan)%
5= (Optical density, OD)S
AMHEO] acetic acid¥} butyric acid% 2@8}7] 213 Hjj
OFolS QAIELE](3100 X g, 105)3}T A0l 1 ml< 0.2
m AR LEIE Fal A7steirt. HPLC v_—/-\:‘,—“_’—_Aminex
HPX-87H Z&(Bio—Rad Laboratories, USA)2 Zr=
HPLC(Agilent 1260 Infinity II LC system, Agilent,
USA) 2 BA3EItE 2= 50°C o|1l, 0|54 5 mM
HySO4E §< 0.6 ml/min®2 ARESIQITH RID A<V
£ E3| acetic acid?} butyric acid g5 S451%c}
7|ABAS 7S, GC(7890B, Agilent, USA)S ARE3}o]
serum H 9] gEAHo]A TEA 2AJ(CO, COy, Hy, No)&
22433t} Porapak Q 2 molsieve ZAHE ]85}
TCDE &4}ttt TCDE 200°CE 7143t & dAFS O]
S 7kaR ARSI 71A 24 4 S GEA(ECO-2,
KELLER, Switzerland)& ©]-&3}9] serum® UH2] 7]
) Qe 21 7] 2AMS 4o GEOR Bk

ATk,

3. 2t A =2

3.1 7tAoMel H EX{s}

COz0fl W pH AR E=S RIsH] S13iA mdE 1]

Table 1. Comparison of pH value on HEPES and Phosphate
buffers under abiotic conditions at CO, 100% gas

o Buffer | phosphate (M) | HEPES (M) oH
1 0.00 0.00 4,00
2 0.01 0.02 6,20
3 0.03 0.02 6.35
4 0.05 0.02 6.56
5 0.07 0.02 6.73
6 0.01 6,04
7 0.03 6.47
8 0.05 6.59
9 0.07 6.77
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Fig. 2. Effects of buffer and buffer concentration on £, /imosum
KIST612 cultivation at syngas composition Ho/CO =0.5



Table 2. Effects of concentration of PBBM and CBBM on
cultivation at syngas composition H,/CO = 0.5

Table 3. Effects of concentration of PBBM and CBBM on

cultivation at syngas composition Hy/CO = 1

oD CO AA BA Initial Final

Bulter | (500 nm) | (mmol) | (o/L) | (g/L) | pH pH

OD CO AA BA Initial | Final

Buffer (600 nm) | (mmol) | (g/L) | (g/L) pH pH

PBBM 1.10 6.14 0.68 0.58 6.39 5.68
0.02M | £0.11 | £0.38 | £0.08 | £0.07 | £0.00 | +0.01

PBBM 1.25 6.15 0.50 0.34 6.55 5.95
0.02M | #+0.03 | +0.01 | £0.01 | £0.02 | +0.01 | £0.05

PBBM 1.50 7.80 1.02 0.53 6.66 6.09
0.06 M| £0.00 | £0.04 | +£0.01 | £0,00 | £0.00 | +0.01

PBBM 1.49 6.79 0.76 0.64 6.72 6.24
0.06 M| £0.02 | £0.06 | £0.00 | £0.00 | £0.00 | £0.05

PBBM 1.58 7.82 121 0.49 6.77 6.28
01M | +0.05 | £0.11 | £0,08 | £0.01 | £0.03 | £0.04

PBBM 1.50 6.95 114 0.97 6.89 6.49
01M | £0,00 | £0.03 | £0,00 | £0.01 | £0.00 | £0.01

CBBM 1.20 6.96 0.65 0.64 6.54 5.73
0.02M| #+011 | £0.18 | £0,09 | 0,01 | £0,00 | £0.01

CBBM 1.32 6.63 0.96 0.64 6.67 6.26
0.02M | £0.00 | £0.10 | £0.01 | £0.00 | £0.00 | £0.01

CBBM 1.48 7.97 0.94 | 0.48 6,78 6.19
0.06 M| +0.06 | £0.04 | £0.06 | £0,06 | £0.01 | =0.06

CBBM 1.43 6.97 0.88 0.93 6.90 6.79
0.06 M| £0,02 | £0.02 | £0.00 | £0,02 | £0.01 | £0.01

CBBM 1,51 7.57 1,10 0.50 6,93 6.57
0.1M | £0.13 | £0.05| +0.01 | £0.04 | £0.00 | £0.00

CBBM 1.35 7.05 1.05 0.46 | 7.02 7.07
0.1M | +0.01 | £0.14 | £0.00 | £0.04 | £0.00 | +0.01
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Table 4. Effects of concentration of PBBM and CBBM on
cultivation at syngas composition H,/CO = 1.5

oD co AA BA Initial | Final
(600 nm)| (mmol) | (g/L) | (g/L) pH pH

PBBM | 141 6.84 | 0.54 0.64 6.64 5.90
0.02M | +0.00 | £0.03| £0.02 | £0.01 | £0.00 | +0.01
PBBM | 1.60 7.16 0.86 0.65 6.82 6.29
0.06 M| +0.01 | £0.03| £0.00 | £0.00 | £0.00 | £0.01
PBBM | 1.60 7.41 1.10 0.63 6.89 6.44
01M | £0.05 | £0.21 | £0.03 | £0.01 | +£0.03 | £0.01
CBBM | 1.45 7.68 | 0.62 0.63 6.82 6.17
0.02M| +0.06 | £0.03| +0.04 | £0.02 | 0,04 | £0.11
CBBM | 1.42 7.83 0.95 0.96 7.03 6.56
0.06 M| £0.03 | £0,11 | +0.03 | £0.03 | +£0.00 | £0.01
CBBM | 1.27 7.68 1.08 0.43 7.12 6.89
0.1M | £0,00 | £0,00| £0.00 | £0.00 | £0.00 | +0.00

Buffer

2 7P =a {714 A B3 1,73 g/L 2 7P w9k
t}. CBBMS] gfevt o of Aol HojAle Be2 &
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Table 5. Comparison of buffered basal medium prices

Buffer Composition Market Price ($/kg)
HEPES 575,873
HBBM
KHyPO, 8.589
KHyPO, 8.589
PBBM
KoHPO, 8.073
NaHCOs 2.302
CBBM
KHyPOy 8.588
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consumption, (c) Cell growth, Syngas composition ratio
was Ho/CO =1, Total pressure was maintained with a
fixed composition of 1 bar syngas and balanced with N,
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Table 6. Comparison of organic acid production and gas
consumption at various pressure (syngas = 3 bar
fixed)

Pressure AA (g/L) BA (g/L) CO Ho
(Syngas, Na) consump, | consump,
(bar) 72h | 120h | 72h | 120h | (mmol/h) | (mmol/h)

4(3,1) |016|210|0.00|0.23]| 0026 0.018
8(3,5 |1.68|226002]|012| 0045 0.022
10(3,7 |216]222]0.04]010]| 0,058 0,019
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Fig. 7. Effects of pressurization on E. /imosum KIST612 culti—
vation, (a) CO consumption, (b) H. consumption, (c) OD.
Syngas composition ratio was Hy/CO = 1, Total pressure
was maintained with a fixed composition of 5 bar syngas
and balanced with Nz

Table 7. Comparison of organic acid production and gas
consumption at various pressure (syngas = 5 bar)

Pressure AA (g/L) BA (g/L) CO Ho
(Syngas, consump, | consump,
No) (bar) | 72h | 120h | 72h | 120h | (mmol/h) | (mmol/h)

6(51) | 0.43 | 1.00 | 0,01 | 0.03 | 0.028 0.010

8(5,3 | 0.42 | 1.48 | 0.01 | 0.14 | 0,038 0.014

10(5,5) | 0.50 | 1.96 | 0.00 | 0.06 | 0.042 0.013
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o= 90.63, 39.25%% 7 baro]A] 72h o] Fo| FZ51
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Fig. 8. Effects of pressurization on £, /imosum KIST612 culti—
vation at 10 bar. (a) CO consumption, (b) Hz consumption,
(c) OD. Syngas composition ratio was H,/CO = 1. Total
pressure was maintained with a fixed composition of
7 and 9 bar syngas and balanced with N
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Table 8. Comparison of organic acid production, gas con—
sumption, pH and CO conversion at various pressure

Pressure AA CO Ho CO
(Syngas, Ny) (/L) consump, | consump, | pH | conv.
(bar) 9 (mM/h) | (mm/h) (%)
1.36
0 (1,9 (1.00) 0.63 0.25 6.34 100
2.22
10 (3,7) (1.63) 1.45 0.48 5.21 100
1
10 (5,5) dii) 1.05 0.33 5,51 100
1,91
10 (7,3) (1'20) 1.25 0.30 5.74 | 90,63
1,27
10 (9,1) (0.93) 0.70 0.40 5.94 | 39.25
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