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Abstract : A simple in-situ methane enrichment system in mesophilic anaerobic digestion was developed to take advantage of the
differing solubilities of CO, and methane. The methane enhancement systems consisted of low solids plug-flow maize digester coupled
with a leachate recycle loop to an external CO; stripper. The effects of leachate recycle rate (LRR) and reactor alkalinity on the re-
sulting offgas CH4 contents, biogas productivity and TVS removal efficiency were quantitively evaluated. The results showed that
offgas CH4 contents of over 94% was achieved at 3 volume of leachate recycle per volume of reactor per day (3 v/v-d) and at the
reactor alkalinity of 4 g/l as CaCOs, as the optimum operating conditions. The TVS removal efficiency of the methane enhancement
system was 79% which corresponds to 94% of the control reactor and the methane productivity appeared to be 0.71 v/v-d. Offgas me-

=9

thane contents correlated well with LRR. However excessively high LRR led to the decrease in TVS removal efficiency.
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OOk -
E ™ " L

2 Ao A

hancement System=2 733}t HFEZ 24

I HeEkS 3)4517] $8lA] Plug Flow Reactor@} External CO, StripperE
AAFZ A EZe] =2} Leachate <3H(LRR, Leachate Recycle Rate)o| H}o] 27}

A%t & Methane En-

o A3 AR L TVS ARG o) U Eshalnt e Esls 39 £X1da OLR 2 g TVSILG, el

4 g/L as CaCOs, Leachate <38 3 v/v-dd W] HF 94%2
Ak ol 190 W Tl A 071
AT,

FHOS ¢ owgnds), @714 28k Co,

7). ARG S5,

S WETES ek es WesaE Ae 21290 vl
1] o] HElo] "”HE]O‘ o, TVS AALL 79%=ZA Control Reactor®] 94% +&&

Leachate <=3}

.ME

ofulA REF o] /H&EhE T Ut 8F Aol A
Akl e THilol mEEHA YRAY 718 B4
AFFHE G4 vl 9ILAE HABE AL S Q]

ool &5 917|391 Biotechnology %2 dhuto|ch. E
gk Hio] @ 7k f CHam A|F-2H3kE dov]= 247k
=2 COQEFJ— oF 214) 7st 24 a3E YEMY Bioenergy 2
o] CH4 3 84 ioé A% A= we- Fasith
H}Oliﬂ*A OI o sk o|L} LNG Pipe Line (Grid)

AEE 33 IR I35, 595 ONG 3+ & g3t
ggrketo] Ag3tE|ar Qi) o]of AR [71E ol
UP% Plant Biomass ¥ Z}& =3 A H 7] &9 557]“ /\Q

Qe ony grie] W4 ASEAS FoA A
F nvlo|ertA EHEk 55~65%2] CH4%} 35~45%2] CO, 1
23l 1% v|9ke] H,9} H,S, 7)€} Trace GasE 35313l Q)o]

AR AGE S Ui A e 95%)E okt ol

3 uhol 9 /1A% R A SHAE ol 2skA
COoet 4 2 1S, A4 5 Aok s, ofo] &

& wlgo] ATHT Qi ARolth TR Hesleg g
A5 S Aw K Pressure Swing Adsorption (PSA)TH
Membrane S 0]-83} vlo] 2.7k Ul9] CO, Ha]9H,Y Absorption
HH 2= Water Scrubbing, Organic Physical Scrubbing, Chemical
Scrubbing 50| -85} ¥ %1 2™, Cryogenic Upgrading 7]& &
o] theFsiA A gl

B ALoAe 2L2(357C) 7|4 Atz €& Leachate
Stripperg A 2|3}o] 4:3}% Leachateo] §-31% o] 9= CO,
£ ©7IA1713L LeachateE THA] 423tk W2 &HAA 45}
%9} Stripper Ato]efl 4] CO, F42¢F ©7]9] WHE-& Foff 1L
e HES deshs 34S Adstaa skl

RVERIETE

EESEE

2.1. A|2Q| =H
SOt Hhel 7k AARE HAsiA AL

TCorresponding author E-mail: hokang@cnu.ac.kr Tel: 042-821-6675 Fax: 042-822-5610



156 ,

- Ofsio|

2> 9] Energy Crop2 ©|
Energy Crop2 AS-3t o)A £A174A21 CO % 25l
Tof| E7)A A3 A|BEZE e Zhaguky
e 2ol U, AR 718 W
sk 2" W g Hito] Lo]3F AlRg
P32T83)E 3¢ vlolQujAz MAslgc) e
Hpo] U A W QAISH 718 Az
5‘H7]§ 1~2 cmQ] A7|2 FAdsHA Zat AL
2 Ao|= DA 2wk glAte] 2o & ]
H A2 Inoculum(R|EEF) 02 o|83}gon T
2F2] 2 (Trace Elements)S 7}ako] AAFzQl %27

g {4

;O
%1
rl-:c

OE
o
52
lo
2
9]

JPO
N
i
o\
OE —

& O

ut

O]l mlo l‘]'l'r’
Mo 2

2
oo

],

o_>|:

ri_H
L

- m&:
By o
N2y N Ao

Mo to

P
R

2.2. AI-E 2440| o} XSMESHE T}

Z2E ARg 557 GUI4 Astre 299 o S3t
TQPHJ%OI dofut M8 f7180] 8 For o= A=
g&Eo] YhoLx I £5E xAB] Y5t VS 43
sto] ARG 440 SRS dolrgton, HFAYR

i <

0,

T A& = Total Volatile Solids (TVS)E XEA|E £ Q=
= F71& Fof RN 7T 7153 77| E(Biodegradable Vo-
latile Solids, BVS)©] oj= v]&& 2pA|8laL QA5 743t
7] ]38k 21 © & Graphical Statistical Analysis® WS AL

sfo} ekl

23. 2Mx A

Table 1of] vlo] 7k W CHs ¥ CO, 3 &4} W3-
141 VFA &= &4 218 Yerf ik Uﬂ%ﬁ% CO»
2 TCD (Thermal Conductivity Detector)E %2kt GC-14A
(Shlmadzu;li)i BRI BEVIAE st RSkt
Yol A A =38 CHy 80%/CO; 20%, CHy 20%/CO; 80%= 9|
231t G713 EARS Acetic Acid, Propionic Acid, Isobu-
tyric Acid, n-Butyric Acid, Isovaleric Acid, n-Valeric Acid, 4-
Methyl-n-Valeric Acid, n-Caproic Acid 5 87}*] &AAE O
2 EF ARTHS AAstel Z4stgon, 245 VIA
T CH;COOH= ZHAtshgith
slste JEEA FEL GAO),

BN

et ){E
e

e2e(H), AAN), Ak

(0), ¥ 39224, AFs-YA4EA7](Thermo, FLASHEA 1112
Series) & o]-§3st EAAL F545 EHFE-2 Cr, Mn,
Fe, Cu, Zn, As, Cd, Pbo. &2 BA7|7|= 9w A% Zal=n}
Zlgk B47](ICP-MS ELAN DRC )& A3}t 1 9] ¢oF
Zre) &=, SCOD, TKN, NH;-N-2 Standard Methodo] =38}o]

EA4 5kt
2.4. Control Reactor X%t 2l 2
AASH R ARE S4E F74 ii} 1S wfel e

= HghS 345h7] 919 SystemS 2HPS we} a8 U
s H|E 95l Plug Flow ReactorE Control Reactor®
A&rstol sk ATE™

2 Ao A A& Plug Flow Reactor= Kang and Je-
wellPo] 23] 1otE Ao 0.6 mm F7]2 JAZ WA
o] &7 OLR (Organic Loading Rate)ol s|%= oFo] A&
2 Yol WS LA - FUgto K v7] A B SRT
(Solid Retention Time)E & 4= Qlch T3 Y&t oh-g=
9] 2H& 95} Leachate Recycle2 AMHISEO 2 Solids+=
sk o 2 £315l0] Leachate?} Solids7} 715 &g 4
+= Counter-current FlowS §-A|3}3t} o] =4 HF-% AF
P 4R Sl TRl 0 e e
11, LeachateE WH&3A|710 24 71 SRTY

= Zsto] f7]E9 vEst a &S Sl &
9l¢th. OLRLS 2 g TVS/L-d=2 o|Eujt} =¢l8t9al, ¥h-g-
Z9] SRTE= 52U=E $-A5}%th. Methane Enhancement Re-
actor@}2] Z£3slA el ALn|wE 98l Leachate?] CO, @715
AAISHA] Qe

2.5. 1xE HiEE|+=& 2§t CO, Stripping System
Control Reactor®} n}x71A &2 S-F-88F 5 Lo Tt AF xR
A|2~ElQ] Plug Flow ReactorE Methane Reactor= A 2614
t}. Plug Flow Reactor®] A|&5¢] W 2 &4 %X AL Con-
trol Reactor®} =3y, dZde|x §A]= AR R 244
AR 34 Al KHCOs 0.2 BE38lgitt des veslss ¢
sko] CO, Stripping Column 37 A| 26t Leachate 1LE
YA StrippingdFA Tl Sweep GasZ= No S ARR-519 0,

Table 1, Analytical condition of gas chromatography for CH4/CO, and VFA measurement

[tems CH./CO»

VFA

Packing Material Porapark-Q, 80/100 Mesh

Column SUS Column (ID 2 mm x 3 mm)
Detector TCD (Thermal Conductivity Detector)
Column Temp, 80T
Injector Temp. 80T
Detector Temp. 100C
Current 80 mA
Carrier Gas Helium Gas (99.99%) 20 mL/min

Sample Volume 02mL

Polyethylene Glycol (PEG) 6000 10% Shimalite TPA, 30-60 Mesh
Glass Column (ID 2 mm x 3 m)
FID (Flame lonization Detector)
150C
200C
200C

Helium Gas (99.99%) 55 mL/min, Hydrogen Gas
(99.99%) 30 mL/min, Air (99.99%) 30 mL/min
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Table 2, Summary of experimental conditions for methane enhancement

T. Alkalinity

Conditions (g/L as CaCOs)

OLR (gVS/L-d) SRT (days)

Leachate recycle rate
(v/v-d)

Stripper gas flow rate

Sweep Gas (mL/min)

20

10

20

3.0

40

40

Methane
Enrichment 20 52

10

20

3.0

40

Reactor (35C)
6.0

N2 700
10

20

3.0

40

8.0

1.0

20

30

40

G2 700 mL/min®] &£E=2 E7|AIF T} Fig. 12 Methane
Enhancement Reactor®] Schematic Diagram©. 2 115X CO,
&}-3-5}+= LeachateE Sweep Gas= Strippings}™ CO,
QF2lo] rolA] Leachate Y CO, Gas= # 2] 95% ©o]JAF &
H} o]Z2A CO7} E7]% LeachateE THA] Plug Flow 2]
7143 Bhe2E &35 CO, F450] obd ek Hg
2 4 97 =k
OLRI} A|EF¢] 18]31 SRT+= Control Reactor} =ds}
A &A3t¥H o, £E3] Methane Reactor®] &Zte] =9} Lea-
| violertiol 24 A 9 7)€ Para-
meterso]] WX FF T GohE7] flsto] kg0 7
YE=E 2 g/L as CaCOs, 4 g/L as CaCOs, 6 g/L as CaCO:s,
8 g/L as CaCOs = WSIA|FH o Leachate 382 7179

Mo m N fr

chate &3g0

Sweep gas/High CO, Gas

—

Biogas collection bag

-

T Stripping
High CH, Gas Column
Gas flowmeter
& valve
Feed = |
= Leachate |2©
Methane [ . °
Reactor
(Plug
Flow "o )
Reactor) s Sweep gas
° tank
o
Internal Recycle Pump
Sweep gas
IS
)l (N2)
Leachate Recycle pump

Fig. 1. A schematic diagram of methane enhancement reactor,
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Table 3. Physico-chemical properties of maize used in experi-

ment
[tems Unit Conc,
TS % 912
VS % 80.3
VS (%) % of TS 88.1
Ash % of TS 119
COoD* a/9 112
C:N - 404
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Table 4, Elemental analysis of maize used in the methane en-
hancement experiment

Elements Unit Conc, Elements Unit Conc,
C % of TS 467 Cu ppmof TS 128
H % of TS 6.20 B ppmof TS 472
(0] % of TS 354 n ppmof TS 201
N % of TS 1.08 Mo ppmof TS 298
S % of TS 027 Al ppmof TS 1311
K % of TS 1.76 Na ppmof TS 054
Ca % of TS 0.72 Co ppmof TS 014
P % of TS 024 Cd ppmof TS  0.00

Mg % of TS 018 Cr ppmof TS  0.63
Mn ppmof TS 648 Ni ppmof TS 052

Fe ppmof TS 0,03 Pb ppmof TS  0.00

50

4.0

In (SoiSe)

Time (days)
Fig, 2, Graphical illustration of first-order decay rate coefficient
(k1 and ko) of maize,
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