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BRI REREEYRE R I I
51| 2R B e m S > AR i BB
BRELR, -

3.1 iEiEF B E MR P InE g Rz
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i IR EY) - REEEIE P E R MY E E
4 S pHNE AR ZENREYRE L R
FITRAE Y FF G AT S IE - (B35 Aoy B 7] 2
EloE - FIRE TR E Ry as B 2 R YpkhIG
£ R(Redwood et al., 2012) »
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4 FoEGEEDR T ZBREFRE KOk

| BIEEY

&

ﬁﬁl&\

- EiE

EAE
Bz

| 2 BWIIZK
RO <

LAY -
PR - BrBIL
aY) ~ {HEVERER

%~ ZBE%E

\J%—@&=§¥E2§i

BIIRER : MAEME SR T

&S SRS LS E Y S iR B (Kumar er al., 2018a © AT 5e4g L)



318 SERRAT Ftw FOH PEREI109F 128

ALK > MNP ;5 EHFH &
ERMHGE ) RFEsRE S ehkE b -
WA )Pl - BRI E 5 Z2pHE ~ K
T e ~ JRAE - BREEL BOD (A 1EHBE,
i > Biochemical Oxygen Demand)Z R 2 FiTis &8
(Mézes et al., 2017)

Acetoclastic Methanogenesis -

C,H,0,— CH,+CO, )

Hydrogenotrophic Methanogenesis -
4H,+ CO, — CH, + 2H,0 3)

B bt A= MR ah - NEEEEFF
B IR 7] fH S bk B IR A B 0 =(4) Fri
At o EEEEAAREOH L - FILEREEN Ak
B b B o > 0K = H86% » HlE 2 iR E L
TR F e E 2 B A $R (Kumar et al.,
2018b) - Tartakovsky et al. (2008)WF9C 38R » &
EREEBR(KF0.5 VIS » K FES FIFY e 2 4=
AR E B0 VI U B R R K T
WAl > NS RRERT - 59 KEHH
TREL RS R H S LR S S B SEE » 75
SRS > BEYERERES - AIEAFR
FRBEAER 5 A IR R - AIECA
FRAER -

CO, + 8H + 8¢~ — CH,+ 2H,0 (4)
(2) E'E S %A (Biohydrogen)

REDMH)MERE L EHEREILESREHN
b= & (Kumar er al., 2013) ; [RRESEFER E
B GEEGEERTTAEE2-4EHARI)
G AT A LR T % - o3 s an=X(5) B ={(6)
P -

C.H,,0,+2H,0 — 4H,+2C0,+2C,H,0, (5)

C.H,,0, — 2H, +2C0, +C,H,0, (6)

TSR > AR (DL Z B BB vl £ RS
fi oA R bR S B T o ST AIER

fii R G SREU(T) ~ F(®)) » [FIE AT DU S
BERIBE RS IE A FE SR - A — e B BRI
Bt BEHAERE L SRR RNERZT
115 H.(Mohan et al., 2016) -

Anode: C,H,0,+2H,0 — 8H'+2CO,+8¢ (7)

Cathode: 8H +8¢ — 4H, (8)

(3) 4='& 2% (Bioethanol)

JHE (C,HOH) By B Ss B iR rEY) - 1REB
Chandrasekhar et al. (2015)7¢F5H » i B4
PreEA R o FRE AT E PR A R R A R AT
TREHELT I HEELAI{BSE] - Jeon er al. (2009)F5
H B Zymomonas mobilisFIFHEITE 5N - |
REmliEER IR E MY 2 28
WIE > BIANFEE AR E (Clostridium ljungdahlii) »
F ALk E L Z B FFEEVE S
e HIEE AR ERE NG KOBEBER S
B WAH 2R I R -

3.3 RIEEREEEER

B BUERT S E A B E w0 AR
SRR =fE A E L 0 RN i R
BElE e SR -

(1) A —fi%(1,3-Propanedio, PDO)

PN E#(CH0,) Ry T3¢ FEE R - A
bt - ths - BRI EEYEE  ERT
ERRR R LUH R JFORI B E N —BF - AT 2CH]
PSRl - BB E M G EIEMEMAEY) -
TP 2 A EE(Choi et al., 2014) 3 357
WHTTE - ElatmeE R f—1.14 VI » AJEA L
Ty 25— 2 N BEjE & (Xafenias ef al.,
2015 ; Zhou et al., 2013) °
(2) ¥R B FE(Polyhydroxyalkanoates, PHA)

FRAREREE AR EEE - &
AE1SOfE A [F] 2 BAS - HARBEE R AT LAk
B - B S H S BB S A R S B R
4 HATEZERN &R 2k - BEEE
SRR AERE o TRRSELERE B A] R R R B 152
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S U A AR VT E - BRIEERE
Rt - WAEFREKRE 5 ZHIATTEH
FRERERESETERBETELNGRS
(Srikanth et al., 2012) » F5E[F(R S fEZS B
BliiERe e g o & InEas Mg -
(3) #8185 (Carboxylic Acid)
HFRER e B EERERE NMEZ
BEFE(Kim et al., 2003) » Hdr » S LA s
VERERBE & Gl (b T EYE - EHER
BERCAlG » O R S8 M R A B 0 I & B s S
[EEED - F1 © FLE&(Lactic Acid, C;HO;) ~
FEFARE (Succinic Acid, C,H,0,) ~ HEf#EE (Lysine,
CH | ,N,0,)55 o DIFRIARE Sy 13 » Cok et al. (2014)
AT A s BRI ST - SRS A A IR I
FREEA: 2R = RAGELRERE - A—FHKENE
Yokl E) < AT 1B R B S IR il s B3k
HEE - AR EREYIRIEUS AT SR 2 IR [ -

4. BEWR L@ (Priority

Research Directions)

4.1 FSEHTAS A AL R FEIEERE

Fof2 T S B Rl S L E ] > meR
HARBA Z Bl b i 7 s E R - HAlE
AW s IR A (L R m (F R BB (Liu er al.,
2019) - BI{sEA 24 AR B 7 Bl ek D fe S5 1
Alifk & & > FIREE IR GEA R © S HININE
B > QI B PR TS8R © PROMINEE BA B
$5EITRSL > STAVITUEL > RIS A B
PREETHE SRR E B Z 853U(Qu et al., 2020) -
PREEEREEYIN - SERIE TR 2576 - B
SEREEY)E(Liv et al., 2019) + [REERAREFPas
b R E A R D WS B RS ¢ PR EL
FEGREH b > EITAEERAERE 56
ISR R E SRR > emEiaRZE
W o A E R INEE 2 EEY) -

4.2 I5EDFEMRMBEMEY
=18

B SR I oy T MR RS M A B 2 [ Y
RERIE  Amediggdoe a2 =
Hh T B (B RO AETTI
AW o PR o R AT RS
DNAJE - RE BB ] R VB R (2 B BUEHE R
R ZEMHE(L - BB - TAEARE
QeI G 2 B R R - EMERRE HAR
FEVE B A(EZ HiJ(Chang ef al., 2020) 5 ]
SHE R Rt AT AR E 205 T 2 R A £
HE > fES R R ZEIENERE - S
ERIMAY) - HBhEREE R e 2 T > PR
THEGRG T2 EHEY 2 EE -

4.3 BBR  BRKRBERRSE

{CEMER

e MR ALE - R R A L (L
VR JEIR OB B BT AR AR PG
M JEERAS S~ B IR A » ARRIBSLiHIE 7 [F e
Z/PEFE=RT7E - BVERAEFFA - 27T
(BB E B A B AR Y e - DU R&IL
HAHEEE - AYraRd - FIH R B E R
JFRHETT 5 - H4E B E DUREH LT NS
Hfe » HUSEEERT#s E T EEE S
EENER - MAEVBRMERELER  EE
% bk - BB E R EER M A A H
SR F S EY) - YL R A E E M A
i+ BB EERCTEE B AT IR B8 )7 - (HINEH
ZefEH > MIEEHE L > SREEEEDH
KIA500 W/m® » A B L% 25 (Kumar et al.,
2018a) - AT LB Em B > JBRPEH
& EEEY - fla : 3R - #ER
B~ W5 HERESRE LR s L
BIEYVIRMEUE - BRSNS EE
EEVIRY A RETE -

FIBE R R AR E R A A
EEVIETTAL 5 5 EEE ERRCER) 7
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HEt B EY) > BB IEE b 2 RS pH
TIRFE—C®HEN - RN ERE S
FHIHIEY 2 TG - R R A A i
B > FEEZENRERE ZpH ; AL BT
i E L2 2% 4G /KEFLBA
TRVIERIR > AT AR Py &k BT R T (Kumar er
al., 2018a) « DUHEEEICAEYI R Rl AYE
A A R R R 07 =0 KPR K
EEREE > EEEPRETEES - AR
AL - REREBEFERE - "ERMEY
IR R 5T (Zhou et al., 2019) - Y255
Z s AR 598 - BURS 5 A&
8 o WA NVE FEIESCRENAR 0 B
oRIE R ] AR BB S Bl - VB TR AR
HEMSEEEY T -

5. f& 85

BRI 2R A B AL R Akl
BAERBEMF KRB ZES > HE—KHKE
JHAERTAHEE - BB wmEEN I ER
BREARZER  HEABAZRR - Eik
R A & /2 7 8 KB =1 7 AR T &
I - ERREEE - EIGMEY B E RS
WEEYIZ B > Bl R RREH b Z S RIEH
EEE BE T - ERBRNAS AR ZENRN
2 WEEME - MEREERE « |
U EpHIE ~ AR E AN M
ik RIEMINE - HEEARNKEEEL - &
SRR 2 e Al A AR E RE TR B A I IO E
A > RN A] D SR BE Y 2 TS A R
BAEIFE S EEE -

wm @
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Application of Electrofermentation Technologies for
Converting Agricultural Wastes into Biofuel and
Bioresource: Retrospect and Prospect

Hung-Cheng Lin'  Shu-Yuan Pan®  Po-Hsiang Wang™*

ABSTRACT

Agricultural wastes (e.g., swine manure) were mainly treated by the three-stage treatment or the
sequencing batch reactor activated sludge processes, where the produced sludge could be used as a
fertilizer and/or as a filler in construction. Anaerobic digestion (AD) is a feasible process of utilizing
agricultural wastes to produce the bioenergy (e.g., biogas). Electrofermentation (EF) is a recently developed
technology harnessing the electron chemistry system to drive the microbes’ fermentation. Compared to
the traditional AD, the EF was found to be capable of enhancing the yield of biomass refinery via small
current manipulation, along with a better performance. Particularly, the EF technology can reduce the
concentrations of organic substances in the agricultural waste stream while generate value-added products
(e.g., organic acids). This review article systematically summarizes the mechanisms and the performance
of EF technologies for agricultural wastes in the literature. This article also proposed three priority research
directions for the EF technology in the future.
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