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The Methane Production from Organic Waste on Single Anaerobic Digester
Equipped with MET (Microbial Electrochemical Technology)
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Abstract : Theoretical maximum methane yield of glucose at STP (1 atm, 0C) is 0.35 L CH4/g COD. However, most researched
actual methane yields of anaerobic digester (AD) on lab scale is lower than theoretical ones. A wide range of them have been reported
according to experiments methods and types of organic matters. Recent year, a MET (Microbial electrochemical technology) is a
promising technology for producing sustainable bio energies from AD via rapid degradation of high concentration organic wastes,
VFAs (Volatile Fatty Acids), toxic materials and non-degradable organic matters with electrochemical reactions. In this study, methane
yields of food waste leachate and sewage waste sludge were evaluated by using BMP (Biochemical Methane Potential) and con-
tinuous AD tests. As the results, methane production volume from the anaerobic digester equipped with MET (AD + MET) was
higher than conventional AD in the ratio of 2 to 3 times. The actual methane yields from all experiments were lower than those
of theoretical value of glucose. The methane yield, however, from the AD + MET occurred similar to the theoretical one. Moreover,
biogas compositions of AD and AD + MET were similar. Consequently, methane production from anaerobic digester with MET
increased from the result of higher organic removal efficiency, while, further researches should be required for investigating methane
production mechanisms in the anaerobic digester with MET.
Key Words : MET (Microbial Electrochemical Technology), Anaerobic Digestion, Methane Yield, Biogas Composition, Food Waste
Leachate, Sewage Sludge
22F : Glucose (CsHi206) 9] o] 22 ¢l 2|t Wetg-o F2AMH (1 atm, 0T)S 71222 0.35 L CHy/g CODO| A4t A EZ Q]
A7t 2ofA f7lE0] MEgor HeE= F2 AT WHolY {7129 SRl whet o9 tefsiAl RaEa gle
o, o] ApA rm Ao g3t & wEh 282 0.35 L CH/g COD olst& Yepdt) |, nAE H7|5st
(Microbial Electrochemical Technology, MET)2 Z| 47153t AR Ao X] AAE 7|2 A & 58 w1 glor, METE &7
dastzo] AEd A A=Y FU14H 7= WE 87t 7hed Bt ofyE A7|3kshA Ql wkgof o g A A
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T st @ 4 ok A Qi & At As METZE @71/ 4ske] vighdel nx]= el distel A-tatr] ¢
o A= g sesuA Y] dazyol i o2 Al HEsES £45H31.2n, BMP (Biochemical Methane
Potential) ABT} A4 AW 3 |EkHgo EHS BTk 1 A% MET/ H88 @714 8049 vskge
ANl 7)Y skxe] vto] 7] Wo] upe 238 HE B9kou], o 22 Hr) vgrgo] nHAL Regov ARE
7o 2HY A3t BRI Ea, Aubael W7 YASES} MET/ A8 8744020 gt F uho] obag] =
4 AY FABH YEsTE iAo s, MET7F @71/4d48t2] f7]le AA&ES FIAA daddzs S7H1 A
o2 Yehgon, % A AFE Foho] METOA Higbd Ay w7t o] gets] Frwofof & Aol
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1.ME 4 vpo] @ 7kA Zo] wehrtA k] ¥t Atk E4Jo]
ek

Ayt AP g =R Qlste] At wig Tk 22 Al %2, MFC (Microbial Fuel Cell)u} MEC (Microbial Electro-
AjAgutol oz 9] HQ o] X&Hog FrIsto] uhat lysis Cell) 53} 7+e A& #7)3}8} 7]<4:(Microbial Electro-
I AR FdiSkelr] 9%t 7)ol #ds] dAtEal QL chemical Technology, MET)o| X715l AlzjAd o] 2] 2]
th 1§ @744tk sk f714 W71EY ARy & WA e2A 2 229 wtm 9ok u|gke] e TH
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7] MET+ Membrane©| 5= Two-chamber®] 2+
FollA HEAAEEA Tl wet A7 AR E A
AFsh= MFC 9 MEC 7]<o]¢lth. Zofli= Membraneo]
oJgt Ao 1o W2 pH BN 52 FET ¢
%)= Membrane-free Single-chamberE ©]-&3F wE A of
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& 2o webA = I #po|7} s, Hansen 5
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d2 c.71"4i§}°ﬂ SR —‘?—EHQZI 2=tk 4) AR E
A%Eo] = f7E, S FEAE =4
2 Qxl ‘*Eﬂr- 5) 71 E}—?: FFEHof gt Algtel
A7} A3k
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ol A RF7lEd dEd =, dYERF ol A
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o2 A] oF 41%¢] Wgs AR, 1 o] o)
EHe8-2 0.388L CHa/g VSo| Tt
ol WEA WrlHasto] ofgk A4 gL o

ARl i wigkE-of wAA] F5t7] wwel wEsES
o 4 ol Hbe] A&HQ A WEAl Basie
webA], 2 =Folde FAE gl steA e o
Seix9] Raxio] the ol 21 Ar) HEeg S A
3}3l, BMP (Biochemical Methane Potential) A&} <541
@714 e Folol UE 671440 BAT MET/}
2% 71t 340A 9] st & HEeES v
$4 go@A MET/} vhialo] nlalt ofast 1 5
=

Hir rhu

@71 st A s BAY SHHekE HosHAL
A AAYAE S2skd ol oS TR Aol
o, 7150 daziel] g o) g
ofge] 4 (& 7122 o] AESHGIL.

CoH.ONSq + [AJH:0
— [B]CO, + [C]JCH; + cNH; + dH.S )

where, [A] = (n - a/4 - b/2 + 3c¢/4 + d/2)
[B] = (/2 - a/8 + b/4 + 3¢/8 + d/4)
[C] = /2 + a/8 - b/4 - 3c/8 - d/4)

4] (1) ©]-8-3to] Glucose(CeHi06) & HJ38kaL = 2 <
29| BE45 gidste] AAleld, GlucoseZ e Ag
HEl7tA o] Bl [CI2RE 350 "ok 2, 152] Glucose
= 359 WES AASERL Glucose 152 COD & 192 ¢
o]7] wj&of 159 GlucoseZHE AT = Hge] o] 23]
o] =83 mol CH4 x 22.4 L CH4 / mol CHy + 192 g COD)-2
0.35 L CHs/ g COD7} Ht} dubA el d7|Ad4st 34L& oF
35C ool A A =7 wjizell ol d7|Al B AE o&st
of 2o} e, Eaprgy|ehe Telstel A4kste, Ao
HE8-S 9F 042 L CHy/g CODZE AALE T
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2.2. N8 71E2l &S AH8-3Eom, BMP testoll A= IsetE AA|SHAIL, A4

B oo AlgE 71-e CAl SAERH S Y3 R A= F 6 setsE ARSI 24 A= Afolo] #2]
Ao SAE g s JoiexE At FE E0 T AS | mm ofstR Shglrh whgA W wwl
Ack LAl galole 150 um A2 ojTste] Abgatgla, & 18k BMP testi= UPIIHEHEE 54 wEgRol= o
L e A= 11604 A2 T AJgsigon, A Al w75 dAjstgloen, 714 FAH Az fH "
Aeg 7 71 49) gety AraTHEy 1gE vE 52 JFEEUS AT WS AAs-

Table 12} Zt}h

— 1o
3 AAl S =
2:3. BNPlest SX|2t ASH 27| SLHRS T3 BMP tests $I3F ARoIAE CAlS] S48 Teiolat 5
Hoolqro] Fa#9l B9l dubzel F7)|4d4stx vt 25822 AR e)ste] B3l 2.0 kg COD/m’ 7|F0 2 F
Ao MET7}F b2 = 4 dotr7] flste] A4l 9l5}9l o1, 500 mLe] AD9} AD +MET2] Serum bottled]]
2719 232(AD)9F FYRL vESxofl Aol A7E Table 29} Z+o] u Y& oJokulz] 300 mLE ¢]atgTh Al
AD +MET ¥hg2E AME-3lo] BMP testo} A4 AHS

% &elXt ADS} AD + MET] @44 W32 e &elx]
Saystsct

i X 7ro = 9]3 o] R A
Fig. 101519} ko] BMP testS 13t Serum bo_ttle_l_ e Table 2. The culture medium preparation for BMP test
I} o] Z+zF 80 mm, 150 mmo| 3, Bottle?] & S-3-82F .
_ _ - Compounds Concentration, g/L
© 500 mLo|t}. 9144 @74 4BR(AD)Y] SAL 9%
ZF vre z 0] AT o] zFzF 280 410 o7 = Phosphate buffer KH:PO: 027
"1 1_’6‘—‘—‘”] l 0“‘]' 53 ]‘C a4 mm, mm_= <) (adjusted to pH 7.0) KoHPO, 035
HES-% 9] Hull= 25 Lo]|u, Working Volume2 17.5 L2 & NAACl 053
4 .
A5t} ﬂﬁ_}/ﬂ _S___;é—]_.g. ) §_]— Z}y7}ko +
Lo}ME}}OBMP tes:i]— A5 AD E]; gt Zrzte ADO _— GaCl - 2,0 0075
gpe =z 2o 7} = i ° ineral salts
MET w8z Y A=+2 127} 8% Graphite Carbona MgCl - 6H.0 0.100
i FeCl, - 4H,.O 0.020
Table 1. Characteristics of pre-treated food waste leachate and
sewage waste sludge MnCl, 0.0005
Parameters Food waste Sewage waste sludge HsBOs 0.00005
TCODer, mg/L 80,000 - 120,000 40,000 - 60,000 ZnCls 0.00005
SCODcr, mg/L 50,000 - 80,000 15,000 - 30,000 CuCly 0.00003
o Trace matals
TS, % 7-10 5-7 NaMos 0.00001
VS, % 5-8 8-4 CoCl - 6H;0 0,0005
T-N, mg/L 1,500 - 2,000 2,500 - 3,500 .
oH 38-45 55-65 NiCl; - 6H.0 0.00005
Alkalinity, mg/L as CaCOs - 2,000 - 3,500 Na>SeOs 0.00005
a) BMP test c) Electrodes configuration

B0 mm

150 mm

a) 50 mm
b) 300 mm

1)AD

b) Continuous test

. 0mm n-®en a) x 1 set
. U\ - - "j\ b) = 6 sets
a B _é LB @ : anode (Cu coated graphite carbon)
£ - ; . -
= - % M e || % @ : non-woven fabric
? H I E ® : cathode (Cu coated graphite carbon)
E £ @ : cathode (Cu coated graphite carbon
] H ] < grap
1)AD 2) AD+MET

Fig. 1. Reactors configuration for (a) BMP test and (b) continuous test and (c) electrodes configuration in AD + MET,

CHEHErR 2 ats)x| | HI38R M43 2016 42 ||
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Table 3. Operation conditions of continuous AD and AD +MET 3. A0 2l nEt
reactors
Parameters Food waste leachate  Sewage waste sludge 3.1. SAIE Elg|d} 5t+E2{ X2 O|2X M| EHEtAHZE
AD_AD+MET AD AD+MET B ooAgo] ALGE 24 Heldi) shpsel o] dan
Inoculated siudge %700 S11dde of - Anaeradie Shudge of e Balo] o]2Hoz WA e A HEses &
Votage v - o5 ] 05 Matgiet 2 7189 ez BAATS o nigos
-y . . AL 35T oA o] o] 2291 X w|ghr&-2 Table 49
Electrode material -  Graphite carbon - Graphite carbon 2}
3 &
e o " PN Ue2AE RA2 T 4G BN o
eration type Fed-batch Fed-batch
P yp 223 2]2] COD 7|Z& o|27 0] Zu] yEet8L 0.35 mL
Temperature, C 35 35

CH4/mg CODoJH, o]& 35C9 xHe=R %Qﬁ}@ 0.42

a) . i H
FWTP : Food waste treatment Plant in C city mL CH; /mg COD7} ®th o] ujet Abghuk-g-2]o]

Y STP : Sewage treatment plant in C city

>
2
)

I} Abaso] Fulof uheh wgk=go] AAbE7] wiiel] i

5 3 2740 t=2Hete uﬂﬂ 120 st ek A stn

247k ABe] 30 mL QIS0 ADEMETS AR oo 2y wego) o ok whe, sl
ﬁgii—t— HEHo|| EAB (Electrochemical Active Bacteria) e \L/S—IE . 8} el eleel ,E:H .
+ A3} % Graphite carbong AF&3HO 2 A Al - = o

&2 47 E 35T E 7|ee R 45 2ol o2

N2 oo et e
>
Do
)
2
rf

b 27l Webialo] ol RIS SHAh I ) 2 doss e Glucosent] 5.6 060 mL CH /e

FHO0CR 2L, A e pH AGE T T vSE et

7 F1ekel NaHCOZ 1.2 gL A £otef WAANFAL. vz s1z02 Aum ojgnel A Wesge gaz

& HARe AriHes A WA AaxgulTedar o) gap g (1)g wige Akt AEEE W] &

Bap 11L& SAR F Aetel B4 % BT SHIAAE Lot e i) melnd, diel 2t 7)e] oy

Feng =90 FasErE VA7 et Single chamber o] olst edaFoz B)Ae 2= 9lrh. Kayhaniand} Har dym—t—
AD+ MET ¥h§204] g7l walo] gat Aeke of

CNE|7E dkaisrt mARel vjXE dgoz st &
sh ) BOPEE of/] A7Iu, shesE A o B sk
3 f718 BEst W HHOE AasETL S )
&3oto] 0.3 VO M-S a3t ¢4 AD ¥hg= &7 A 230 Wolste njAYEo] GJake vk Qb B

0.3 Vel Rasta 9lon, o] uleto @ AD + MET HHS
%= DC power supply (TOYOTECH, DP30-05TP)E o]

718 ok 20 kg CODMmelglan, HRT= 2092 3t 5900 0 gpo) Ag8 S48 Teomn s5s
Fom, 13/Y F¢ 9 13/ &3k Fed-batch 4|02 2|9 YAzxA AN H}El—oi 3} C/NB|:= 24z} 149} 52
TEOI, Q08 A0 e A0S w0 FIE dehgon, ont we seasne 1% A

|, BMP testS} €142 AD #52 5 302 £ Loy ol wo oo st o] o

3T o

S

7@% Z—fo }\loﬂj\'] —,—@‘8]—% AD""METQ‘] /_ﬂ%]',c_) BMP éiq-?ﬂm_’_ EH/_\jl%q_ Kim %_32)31]_ Jansen _1(:5:_33)_4 ﬁ“rLoﬂ/ﬂE
test®} U3 0.3 VE 2319 cH(Table 3).

Table 4. Elementary compositions and theoretical maximum me-

2.5, B AdiH thane yields of food waste leachate and sewage waste
TCODer Astol A A3 fr&3 Hde]7](Hani, e Food waste Sewage waste

MF-80)& T1o4£2] F A5HoR 24519 o, SCODer Parameters leachate sludge

& 23 7E 824 2245 dsjA= 1.2 pm GF/C C, % 473 393

(Whatman, GF/C™)2 oja} 3 EA3}9ict. etmyoty 2 H, % 8.0 6.1

AL Nessler(NH; -N Distillation method, HACH)& ©]& 0, % 412 44 1

01—01 243519931, CODer-2 closd reflux 2! colorimetric method N, % 34 8.0
olg-3to] ZA3Heck 714F HAo LC (YOUNGLIN, S, % 02 05

SDV50A)E AF83F 21, GC (GOW-MAC, series 580)& C/N ratio 14 5

srgato] ThARbgEk| W FHeFS B Akt pHE pH Chemical formula Cs.9H8026N0 280,006 Ca3Hs.1028No 680016

meter (Orion 420A")2 ZA35}91, 7|E &%, TS, VS, Theo. methane yield at STP 035 0.35

TN 52 ZAAFHLS AFRSlo] BAstct npxjuto & (mL CH4/mg COD) at 35°C 0.42 0.42

Y2 DC power supply (TOYOTECH, DP30-05TP)& & Theo. methane yield at STP 0.50 0.34

sto] sl mUEY st (MLCH4/mgVS) a4t 35T 0.60 0.41
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SABRIA BT} SseA o] RS 242 027, 0.40
L CH4/g VSiem 2} 0.12, 0.22 L CHa/mg VS,em = H 13} S

B, SABRA|Be) Hesgo] sieae ARt A U
ehte.

3.2. BMP testE £S5t AD2} AD+METH| A H|Et-=
SAE gl e 2 kg COD/m’ 2.2 F9]3}e] ADS} AD +
MET2] BMP testE £33l5ck 7] 712 F¢ & 71A9)
o] FRE= AHA Y CODE 45t AAH +
7NES e R =ad ek ks Fig 20 YERY
At AAE COD 7|0 & wgh=&-2 ADS}F AD + MET
7} 27} 0.27 L CHa/g CODyery & UFEFSETL, 35C & SHAFSE
™ 7+7} 0.32 L CHy/g CODren 0] QlTh A £8 5 A AH
CODY H&t =82 & BhgRolA A Fdst AL & +
Rom, o2l Hof wgkpgol= uX A LA A T
AD +MET §h-g-Zo A wetiigo] FRE= AHS tha
34 4= 9%tk o= AD+MET7} ADEt} 7525
go o] M3 £ 5 FUHA AoRE AT 5 ik o
AT= Zhang 537} Wang®o] MET®] AAHo =2 B
T f7149 715 wE EEdeR dud ¢
7120 EollG o] afdo] iy
Ao A% 4= Qlck sHAIE, A AHE &
7|08 3 2 A9 wgg AnE vl e 7kA
7 37t 7Hs stk METO] A3E Adstrof
7t & Aew AtsEch
oAl BMP tests 55k MET2] 2 7]5}8H4 <l
DO| mghY &5 FIRAFTL A a=
4| 718}etA 7t weg o2 Qe WA
FAl 28F3 7] wiiEell METS] sghdhAy w7
THE 5 ole A 4ad Ao Ankd

o

31_4‘ Fﬂ}l
El rlo
o

1B
o Holo ¢
Mo My &

o
2

fr lo N
K}
B~

e

P

o
Jig
2=

B
il
x
lo xo

O,

N 38 32 o
1o
rO
ol

O
o M 5 g

1o
o

|

d
ul

>

w
w
Xre

[>

AD2} AD+METOl| M 2| o|Et+E ! HIO|2

oo J
o

2, MET7} 234 Single chamber & 7]A4] 43loll A 1L
T 71497IEY wmE Ea)7t 7eE ®ut ofuet v
ol 97t~ 0] AyAFE et & 4= b B okt

§ 0.3
a AAAAAAAAAALLL
e Nt
Q A
2 02 e
o A
Q A
= A
=
= A
&
= 0.1 A
g A
s A
S N AD 4 AD+MET
=
= gk
0 5 10 15 20 25 30 35

Operation time, day
Fig. 2. Methane vyields of AD and AD + MET based on removed
COD.

30

S 4 Food waste leachate (AD+MET) Sewage waste sludge (AD+MET)
5-5 25
) ® Food waste leachate (AD) Sewage waste sludge (AD)

< 20

®

=

£ 15 A
= A A

2 Y N2 YWY

e

= 10

=3

)

g ) EedTe @ geganggsare

E 5 A A ‘m o2

= 0 ® g0 0 o WXL

0 50 100 150 200 250 300

Operation time, day
Fig. 3. Methane productions of conventional AD and AD equip-
ped MET with food waste leachate and sewage waste
sludge at 35T,

o F7HAQ) Rl
glehs Zojek?

L SNE Y 5EeAE )
2o PPSEIHA 28E 7|71
o

=glon, A4 ADS| kg ehr|zh

A=

& 2.4 L/d7} 2AStg o, AD
= god1 st R| 9
142 L/, 5.1 L/id= vpepbgch
ge|d ol Pt werdAy o]
AD + METO| A= oF 2.58] &
L2 =A dERth

Fig. 4= obgst & 7} 7] ADS} AD + METoj|4 COD
o} VSE 7|l ® g AA| wgkr&S vEhd Zoln, AD
o H|g}o] AD + METO| A 9] wghgo] =2 AL & 4= Q)
ot SAE EYdE o83 A AA vdrg&S ADE}
AD+METo] A Z+7} 0.112} 0.28 L CHy/g CODp 0] Q0.1
hs X 22 0.057F 0.17 L CHy/g CODi 0] T} 5
UE VSE 7|E0 8 Aletd A& gl He 47
0203} 0.46 L CHy/g VSi, St&1 A9 49 22} 0.09%}
0.30 L CHy/g VSwe.0] 1tk

flol AxtE AelstH, D ADoJ| H|5lo] AD + METof|A|
AA| wEgo] E11, @ steE A H SAlE deld Y

mgpgo] o Eom, @ ¥ VS 7% wEgsEo] §

2 COD 7% vlEpgntt B8 o 4 otk @9 @
o] Aupi o Aol Ao} o 7t 71 W0] Yol upE of

goz de 7hsd fU1Ed Y g ONuof| whE Ane
AT = glon, D] dite 7|e £39 dFaHet f
A]—’S]—‘}ﬂ,\ll}.4’12~|4)
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a) CODy,¢ base

W Actual methane yield OTheoretical methane yield

0.5

04

03

02

0.1

Methane Yield at 35°C, L CH,/g CODyy¢.

AD AD + MET AD AD + MET

Food waste leachate Sewage waste sludge

b) VSy,¢ base
M Actual methane yield
0.46

OTheoretical methane yield

=
tn

03

02

01

Methane Yield at 35°C, L CH,/g VSy,¢

=]

AD AD + MET AD AD +MET

Food waste leachate Sewage waste sludge
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Table 5. Reported methane yields of AD compared to AD + MET

Methane
Authors Reactor types (LY gﬁ / Ref,
g COD)

QiYinetal, AD 023 12
AD + Geobacter 0.28
AD + Geobacter + MET (single chamber)  0.36

Nikolas X, and AD 0.25 13)
Valeria M, MET (two chamber) 0.40

Boetal, AD 0.18 14)
AD+MET (single chamber) 0.36

B. Tartakovsky UASB (OLR 14 g COD/m?®-d) 028 4)
etal, UASB + MET (OLR 1.4 g COD/m®-d) 035
UASB (OLR 2.0 g COD/m®-d) 0.30
UASB + MET (OLR 2.0 g COD/m®-d) 0.36
UASB (OLR 2.5 g COD/m®-d) 024
UASB + MET (OLR 2.5 g COD/m°-d) 0.31
In this study AD (Food waste leachate) 0.11
AD + MET (Food waste leachate) 0.28
AD (Sewage waste sludge) 0.05
AD + MET (Sewage waste sludge) 017
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