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ABSTRACT

The research aims to study the effects of using different ratios of fresh elephant manure
leachate in biogas production and to enhance the efficiency of biogas production from fresh
elephant manure leachate. This is achieved by applying elephant manure biochar as an intermediary
material in an anaerobic digestion process. The study examines different ratios of elephant dung to
water, specifically 1:1, 1:2,1:3,and 1:4 (Kg,.nani manure/KEyaier)- EXperiments were conducted using
batch tests, employing anaerobic digestion prepared by fermenting fresh elephant manure leachate
with microbial inoculum from pig manure sludge sediment. The experiments were carried out with
an inoculum-to- fresh elephant manure leachate ratio of 0.5 (g VS-based), adjusting the initial pH
to 7.1£0.1, and controlling the temperature at 3542 °C. fermentation period of 45 days. The results
showed that the digestion process with a 1:2 fresh elephant manure leachate to water ratio could
produce the maximum cumulative biogas, with methane yield reaching 113 mL CH,/g VS added.
The process also achieved a 75.1% COD removal efficiency. Furthermore, the research designed
a UASB (Up-flow Anaerobic Sludge Blanket) reactor combined with biochar from elephant manure
as a supporting material for oxygen-free biogas production. The designed UASB reactor had
a volume of 12 liters. It starts up with an organic loading rate (OLR) of 6 kg COD/m’*d”, adjusting

the pH between 6.5-7.2 before feeding into the reactor. The fermentation continued until reaching



a steady state, after which the OLR was increased to 27.06 COD/m™d". The experiments revealed
that the UASB system using biochar from elephant manure as a supporting material could improve
methane production efficiency from 52% to 70%, and COD removal efficiency up to 92.2%.
The results concluded that the supporting material from elephant manure could reduce bacterial
washout in the continuous digestion system and the findings could serve as a prototype and data

for future applications.

Keywords : Fresh elephant manure leachate, Microbial inoculum, Biochar, Organic
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Corn straw Batch  PETF, PPE,PAFand PUF = 47  UR&YININ 44.8%, URaHMY 49.84% (Liu et al., 2017)
Corn straw Batch GAC 47 UREYINTN 42.69%, UATIMY 37.29 % (Liu et al., 2019)
Cow manure Batch BioCords 55 uAANINY 37.29% (Izadi, Izadi, Eldyasti, & Hawkes, 2018)
Cheese and wafer waste Batch Lignin grafted (PVP) 21 UR AN 14.09% (Pilarska et al., 2019)
Cattle manure Continuous PET-rings 300 UAAAININ 44% (Marti-Herrero et al., 2014)
Sugar beet silage Continuous MFGPs 220 CHy Y 1,18 111w 125 ans/fu (Ramm et al., 2014)
Luffa sponge, coconut Y =
Spent wash Batch 60 CH, (WU 77.7% 11 82.6% (Zainab, Meraj, & Liaquat, 2020a)
husk fiber, and wood chips
Cattle manure Continuous ACF, PVAF, and GF 50 UNAININ LAY 2.12 L d! (Gong, Liang, Li, & Wang, 2011)
Biowaste Continuous Straw 100 CH, AU 50-NI kg_l VS (Bengelsdorf, Gabris, Michel, Zak, & Kazda, 2015)
Mustard tuber lLﬁﬁ%’Jﬂ1WLﬁN6ﬁu§nﬂ 0.082 udJu 0.094
Batch Biofilm reactor 60 J \ (Chai & Kang, 2012)
wastewater 1ag 0.105 m"CH,/m"/day
Stuffed wafers and raw o = a2
Batch Kraft lignin 60 UDNEINUINNVY 18% (A Pilarska, Wolna-Maruwka, & Pilarski, 2018)
sewage sludge
Anaerobic sludge Continuous PVA-gel beads 50 UAATINNIAY 28%

(Szentgyorgyi, Nemestothy, & Belafi-Bako, 2010)

Polypropylene fiber (PPF); Polyester fiber (PETF); Polyamide fiber (PAF); Polyurethane fiber (PUF); Magnetic foam glass particles (MFGPs)
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Y anIvlIl GANGN]
(mL) (%) (Day)
(Valero et al.,
120 Nejayote GAC 34 30
2018)
(Lin et al.,
250 Ethanol Graphene 25 12
2017)
Synthetic (Lee et al.,
500 GAC 34 45
wastewater 2016)
Synthetic (Cruz Viggi et
120 Magnetite 33 20
wastewater al., 2014)
(Tian et al.,
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Sludge treatment (Yang et al.,
250 GAC 17 20
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2020)
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(Rasapoor et al.,
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2020)

*OFMSW; "UEJmJ"ﬁI?Jf’JEJ“];WH U Organic fraction of municipal solid waste (OFMSW)
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field emission scanning electron - S-3400N II Hitachi, Japan
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microscope (FE-SEM)
surface area and porosity DIN 66132/ISO 9277
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analyzer (BET)
Fourier transform infrared BRUKER - VERTEX70
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Ultimate analysis
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Carbon (C) % ASTM D 5373 BC, EM
ASTM D 4239

Hydrogen (H) % BC, EM
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Sulphur (S) % BC, EM
Proximate analysis
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Ultimate analysis

Carbon (C) % Elemental analyzer BC ADULAZHAIHIN
Hydrogen (H) % ASTM D 5373 BC AOULASHAINND
Oxygen (O) % ASTM D 4239 BC AOULALHAIHNN
Nitrogen (N) % BC NOULAZHAIHIN
Sulphur (S) % BC NOULAZHAIHIN

Proximate analysis

Moisture content (MC) % Thermogravimetric analyzer EM, BC AoULAZHAINLD
Volatile matter (VM) % ASTM D 7582 EM, BC AOULATHAIHND
Fixed carbon (FC) % EM, BC AOULASHAINND
Ash % EM, BC AOULATHAIHND
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¥ 7o ) ;i 1 a ¢ . '
HIEYA:  Fresh elephant manure leachate (EM) Ao WL YAYN; Anaerobic digestion of pig manure (PM) Ao ma%mﬂmmuﬂqauma 11agN3T; Biochar (BC) Ao DU INN
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pH - 7.05+0.35 7.21£0.35
Total solid mg/L 15,025+77.78 64,925+42.43
Volatile solid mg/L 10,375+91.92 40,345+35.36
VS/TS ratio - 0.69+0.02 0.62+0.02
C/N ratio - 21.5+0.05 NA

Proximate analysis

Moisture content (MC) % 80.79 78.18
Volatile matter (VM) % 11.91 15.52
Fixed carbon (FC) % 5.39 4.08
Ash % 1.91 2.22

N1 NA = Not Applicable
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Ultimate analysis (%wt, dry basis)

€

=N-

GPLTN Hydrogen Carbon Nitrogen Sulfur Oxygen
(Y% wt, dry basis)
duloyada 1.542.7 364428 0.6+0.1 0.2+0.0  61.3:2.9
MuFImNYaF 26425 50.242.7 1.940.0 0.32+0.0 = 44.98+2.4
MUTINNFWAIUNTLUIUMNST  6.042.6 41.042.6 0.9+0.1 0.52+0.1  51.58+2.5

winuuy luldeendau szuu
UASB
auANUAINTANIA 0 89.88+2.4 1.0740.1 0.19+0 8.84+2.8

(Azauenin)

¥oInT0aie : Elemental analyzer, J-science, JIM10 and Carbon/Sulfur analyzer, Horiba, Emia-220 V2
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Yoinseie : specific surface area analyzer (BET), Belsorp, mini IT
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] A A A 1 = <3 Y < J Aa v
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M3 NN 4.10 ﬂ'lmﬁﬂﬂﬂ!ﬁuﬂﬁﬁluﬂﬂﬂ{]ﬂﬁm UASB #UUDIUFININ (R1) uaz"lunmummw (R2)

Period of .
Duration OLR Methane Biogas CH, production
operation s Alk/VFA %COD
(days) (kgCOD/m'd ) content (%) production (L/d) (LCH,/g CODadded)
(day)
R1,R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1-73 73 6 51.1 44.5 1.8 1.21 0.029 0.018 0.18 0.15 92.2 85.6
74-106 32 8 50.1 48.5 2.5 2.1 0.036 0.021 0.19 0.17 91.1 84.9
107-131 24 10 51.6 48.5 2.9 2.4 0.041 0.031 0.18 0.19 87.3 81.6
131-162 31 12 52.7 471 2.5 2.4 0.055 0.041 0.19 0.20 84.1 78.9
163-189 26 14 51.3 48.2 5.03 3.5 0.064 0.039 020 0.23 81.9 74.0
190-220 30 16 61.3 52.8 5.6 5.0 0.114 0.091 0.24  0.37 82.1 73.3
221-251 30 18 70 60.9 8.5 7.5 0.174 0.143 0.26  0.38 80.8 73.1
252-282 30 20 59.63  55.10 8.1 7.7 0.183 0.151 0.28  0.38 76.5 68.6

S0l



MS5N4.10  (59)

Period of

Duration OLR Methane Biogas CH, production
operation - Alk/VFA %COD
(days) (kgCOD/m'd ) content (%) production (L/d) (LCH,/g CODadded)

(day)

283-313 30 22 61.8 58.19 9.8 8.1 0.214 0.174 0.33  0.39 73.9 64.5
314-344 30 24 61.50 56.29 11.13 10.9 0.243 0.218 0.32 0.4l 73.1 65.7
345-375 30 26 60.1 59.91 12.6 11.3 0.295 0.240 0.31  0.4l1 70.1 61.5
376-407 31 27.06 64.25 - 58.90 12.9 10.9 0.280 0.213 0.38  0.48 65.4 58.2

R1: Biochar; R2: Without biochar; COD: Chemical oxygen demand; HRT

: Hydraulic retention time

901



107

a d wAa a
wamsaazhnaaniavesnszuIumsdesamenuulilieendoudroaiu
=
¥ImNWUsZUU UASB

1. WamsuAs1LH FE-SEM 4093893095 UmuTInmyadn

@ a o AA a A J A A @ ] =3 A A Jd A
mﬂgﬂsm UASB Nyaun YHAYTUANDIAYDY TINDILUANLIYLUAZDITINY Iﬂﬂ

Q
Fl
A J 1A a

F '
JauUN fJ!,“rm'luflﬂﬂﬂﬂ'lwﬁluﬂTﬁﬂuﬂﬁﬂ'lWﬁ\‘llwﬂﬁjﬂﬁJ@ﬂNiﬂﬂ fﬂiﬁﬂ‘]&ﬂﬁﬁuﬂizﬂﬂ‘ﬂ ae

U

o 1 a a A o Y A A
aﬂ‘]slﬂ!$5U’E'Nﬂi;]11ﬂqauﬂiﬂ!ﬂuﬂi%ﬂﬁuﬂ'ﬁﬂ“ﬁﬁ%’@u LUBDIINANINNINIYNTNLATIAUN

A3

{ o o 3 < 1
wmﬂwmﬂﬂmmmuﬁm%mmm%m%’w ﬂﬁﬁﬂ‘]&ﬂllﬁﬂ\ﬂﬁlﬁﬂ’n%ﬁuﬁaﬁnﬂiﬂﬁzﬁllulﬂ

U
[ [

Molulaseadagnguveiagiaana o 1udInIMyad1e A1 FE-SEM 403710819789

Q q
[

IS = Y AN Yo A A ' ' = A
i@\ﬁ‘ﬂﬂ']uslﬂﬂ'lw%Tﬂll“ﬁﬂﬂ\ﬁ/lulﬂ‘I/nﬂ’313J?f$Eﬂﬂﬁﬂﬂﬁﬂl%ﬂﬂugﬂﬂ"lﬂﬂﬂuﬂﬁ'ﬂﬂ‘]ﬁ NN 4.12
[ a [ = 9 9 Y a [ 1A Yy A
(n) ‘Hﬁ\i%”IﬂNﬁGILLﬂﬁsb"JﬂW‘Iﬂ’Jflﬂig‘U’J‘LlﬂTiLL‘]JiJll‘JJGLGD'ﬂﬂﬂCB!%u 407 AU WUNUNTHIWEINID

UM 1UAINA1TAY MW FE-SEM 1937a93035 umudinmyadadegnaieinisves

o [

% ] 1 E a 'd o §
(10m) x (15kx) Aree1marigniiesnainaelfnisl UASB uagd liuielaoldan nnh

L'

4.12 (v)

(M (V)

MWN 412 ANYUZVBNEIUTININYATIS [N (15kx), (10m)] Haza1udinIw
yaiaii luTewlay [v (15kx), (10Um)] Adunadiondesganssa

FE-SEM



108

o a 4 19 9 a @ v A 1 IS9= 9 (S = A
naunsal UASB nuv lildeengau Taena linlnquuuaiiGeaannalimu
A a2 A Yy A a a . = N
HAINHANY A0 LUANIS A 19TMNUUUULET IAAATAN (acetoclastic) 1Az ta1asd Ilunsonln
. = A = [ a o =
(hydrogenotrophic) H#FIBNUANVADEINNYDINUHNTAI UASB N 4.13 (1), (V) 1an
901 9 [ a o 1 = 9 ~ 9 3 [ ]
MNVIzNUINFEYas 19 IunalfnIal UASB tazaudinmainyadianlaiuiagseesy
] a a [ sol [ a 4 1%
lumsteanTaaanuaznou uazaanmsrzanivzyadeludlinsel UASB was1ns
[ { { U [ a 4 [
YFuan i TuvaeNnIng 4.13.(a), (1) utnunmea0 143 I ludfnsal UASB #aa91n
1 =) 27} QU % % ]
HIuMIHAAURaFIN NI Yy as NIl msdudanuaiuFinimainyadne Inoaaoa
~ =~ o a 4 a = Aa [l [ o
sroznaMlTsumMeuny MsNTsHaznouraNI3AYInYeIrINIaNAnog LN Ta93035D
' A 9 a S Y v Jsa ~
INIUFINININNYAF N AINITAATIENAINA0I9ANTTANDIANAIOU FE-SEM 31n3an
] [ a E4 { I~ P 1 a3 1 2 1 [~
duna 1@ ludedgnsal UASB nwd (n) uag ) iilueadndzusrailuuis yudenwiudu
Tognauaaadan1sioguos Methanosaeta sp.
a 4 = = Y [ A
A1531A51EH FE-SEM 1UnsAneIiNaaeanaean Gomes et al. DINA 4.13 ()

oA a

1 A a a o I 1 1R ' A=
LLﬁﬂ\iﬂ'l‘Wl%ﬁﬁﬂﬂJﬁ‘]Ji'l\?ﬂﬁiJ mmmﬂmuimauﬂmﬂuﬂqﬂwq‘l FAUIFOINITUDYUD

U U

Methanosarcina sp. Anulumsdesaarsuvulildeendnuluszuy UASB Alsns1ase
a ~ J a ~ [ a 4 = ' 1 v
V3INNE30UNIY (OLR) 99 Ysernsvoagaunsaluaalgnsal R2 Unnuuanea 198 195ay
A [ A g B A v A 1 A =\ 1 o o
1INIA309808 R1 o lalunind 413 duiiugiua 11es9Inmslogued 1a9i095uan
9 1 Y A A A AR I A A a [ o ' =
yar e liuuansonaorsmelnoaniziazilunniganle (Aa93035UIUFININYA
1 [ a 4 { 1 Aa a 4 4 1
Heegludailfnsal UASB A R1) msnjasuntdaslumsiaulavesdszansqaunidioone
9 A A d’} [ [ U =
Methanosarcina sp. Ademaaguntateulynisnaasy wenvnil 7dasoIunIUFINN

9 [ a 4 o 1 9 A A Jd A YA a
mmg,asmﬂumﬂgﬂim R1 fN%’JEJﬁﬂﬂ”Ii%’%ﬁNLLUﬂVILﬁﬂllazﬂﬁlﬂﬂiﬁuﬂﬁﬂﬁl@]‘ﬂi@]’gﬁ

9
[

. [ Y U aa K @ 9 9 @
(Methanosarcina sp.) Tagii Inguuuaiiedsaunsadugimsasensa luduszmogelus
a 4 o o o
Ufnsal R1 14 lumenSeufieumswannvesaeWus Methanosarcina sp. Hanud AN
(% a o 4 { a %4 4 [ a 4
ludwlgnsel RIWefSoufevuuniiGenamsonaaunadimudu 9 Tudlgnsel R2
. [ a G4 = = ' A4 a
(Methanosaeta sp.) Methanosarcina sp. Glumﬂ;]ﬂim R1 4NUADYININNIT R2 LUDUNIT
~ = = ' Yy 9 a
aguniladves OLR Tusguy $959009A0MUMUGIAOANWTNTUVDINTADLTINAFI
HAEMINTENUVD pH
o A ao A a a a [ 9o/ Y
MsauiuIuITe mamvlseaninmlunswdaunadinmaniivzyase lag
Jq Y1 = 9 I @ @ @ 19 9 a2 Yy
msilszgnaldoudinwannyaiaiuiagsossulunszurumsninuun lildeongiou 1a

a 4 1 (% a t4 1 = =
ﬁgﬂwnmmm“lumwwaammnmﬂgﬂim UASB R1 (@811%2070) uag R2 (lufiaiu



109

= 2 [ a t4 A o s A A @
PFINTN) ﬂ’lﬁﬂﬂa@ﬂiuﬂ\?ﬁ@\‘]ﬂ\?ﬂ&]ﬂﬁm UASB Njﬂq‘ﬂﬁgﬁ\iﬂlwaﬂﬂﬁ@ﬂﬂ15lﬂaﬂu1!ﬂa\1@@§1

AMIZUTINAENTOUNTS OLR 6-27.06 kgCOD/m’d”

Q) Q)

d' [ 1 %’ 9 [ a 4
NN 4.13 aﬂyf,uzgﬂinmmuw:gamﬂumﬂgﬂsm
[ 1 a (24
(M 1AL (V) HAINAIUNTLLIUNTNAALNTTINN,
(! megﬂmﬂﬂé’wﬁu Methanosaeta sp. Qg

¥ uamgﬂmmﬁ'mﬁu Methanosarcina sp.



110

2. WaMsINTILH FTIR 0478930950 1us2UU UASB

100
1

C-H e, 70 o LI \ /

605 —
565 —

90
!

798 —
466 ——<

|
2
o
iy

—— Biochar

UASB

Transmittance [%]

<
o
& 8

T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

35005 gy 3200 -~ 2800 2380 2300 21001800 1500
O-H C-H CO; Triples Doubles Singles

1460 101380

H @ [ @ ' @ a ]
mwﬁ 4.14 ﬁlﬂﬂﬂill FT-IR ﬂl@ﬂﬁﬁ@]ﬁ@\ﬁﬂﬂﬁ]uua3Waﬁﬂ’liNaiﬂLLﬂﬁ%]ﬂ’lW

[

Aa [ = Aq Yo 3 1 = 9
ﬂ']iWa@]LLﬂﬁ'GIf'JﬂTWVIGlGH'JﬁﬂiﬂQSUHJHQWUGH'Jﬂ']W"lnﬂialjﬁ‘;]ﬂ\‘i

9

M3AATITHAIENATA FT-IR (Fourier Transform Infrared Spectroscopy) ainas

o ) 1 @ Aa ¢ A a [ ~ 9 v o I
FT-IR U93aAI033 UNDULASHAINITHAALNTFININ fﬂiﬂﬁﬂLLﬂﬁ%ﬁﬂTWﬂi%’JﬁﬂiﬂﬂﬁUlﬂu

[}
Ay o o

1 = 9 =3 dy [ 1 v = a A U A
DIUTINTWIINYABI memwuwmanwuﬁﬂuﬂquﬂmﬁmmumm Gluﬁ"lﬁf)uﬂﬁﬂﬂi]ll C-Hn

= -1 =2 1 a  J J = Ao
AI1UD 2,923 cm HEAIDIAIUYTZNOVUDIEITOUNITO LU IUFIA W Tﬂﬂwuiuimgaqawu

o J A o = ' dy = Y o a [
NWUBSHUUBINBDINIDBDANTU G]Nﬂ'qNu'ﬁ)’mlﬂaﬂu&lﬂﬁ\illﬂﬂa\ﬁnﬂﬂigﬂ'JUﬂ'ﬁNa@uﬂa%ﬂﬂ’]w

G 1

4 ' a 4 1 = 1 a J
i]Zﬁﬂﬁ\nﬁﬂ\‘liﬂﬂﬂﬁﬂ@ﬂﬁﬁ1ﬂﬂlﬂ\iﬁﬁﬂuﬂd‘iﬂ Gl,uE]TH611’35’!”IWﬁﬁ’Ju‘]Ji%ﬂf)“lJGU’t]\iﬁﬁf]Lmi‘c’l nauy

= -1 9o o ' = = £ a A a A JA A
C=Cn 1,655cm #@IHIUDIUFININ Llﬁﬂ\‘]ﬂQIﬂ‘Nﬁ'iN’E]&Iilll@lﬂﬁif]ﬁ1i’t)uﬂiﬂ‘1/mﬂTﬁ

v A (2 o

ALTUIAILVUNUDTS

=

9 v
9NIINUNGY C-O N 1,022 cm d T ua Uz In I Tagoranulunsa

U
= A A v Y
N

WvenMslamlsEneuvesamsounsengudon Taengu N-H

aNaq &

4 aa
ANTUDNBAN, IDAIND

~ -1 [ a 4 = 1 =\ G 9 A A A =
N 3,234 cm Glumﬂ;]ﬂim UASB Llﬁﬂ\‘]ﬂﬂﬂ'{,jll’f]$ll'LH"iiﬂiﬂi\?ﬁi'l\i“l/lulluiﬁilﬂu@u”] EININR

[ = 1 v @

A 9 (% =) A A a ~ o 9 a [
!,ﬂfl')"lJfNﬂﬂjﬂiﬁuqﬂ‘iﬂﬁﬁﬂ“ﬁ'}ﬂ'lwﬂﬂ@ﬂﬂl@ﬁﬁ?ﬁﬁi}ﬂﬂﬂu'lﬂWi%sluﬂ3$‘]J'Juﬂ'liWﬁG]LLﬂﬁ

Q U

1 v o o 1 1 [ o o a 4
¥ ManfFeunenseniediiaasessuouaIn N uLaznaInnluaslgnisl UASB

v
%

' Y3 = A ¥ a s A A ' s A
ﬂf?ﬂiﬁlﬁuﬂﬂﬂ”lil‘]Jﬁﬂullﬂﬁ\1‘1]@\1Iﬂi\‘iﬁi”l\‘lﬁ"liﬂuﬂiﬂllazﬂTiaﬂWiﬂlWﬂJﬂl@ﬂﬂquﬂﬂﬂ%u%



111

HANANAUNAINNFIUNTZUIUMIHAALATTINN Fan13iasuuilase1ntsuendenisdos

A

a 4 o 1 a
aaevesdsouns ensemsutasanimeanslunszurums ninuu lildesndau Tassau
Y Y o w = [ = 9 A = o
FT-IR s lddeyadidgneinunsnlasunilasveslnssadanazguantianiive i
1 a 4] a o ' ana

Tusgninnszuaumssdaaunadinim msaasziieeslidnlanalgisemaaivaznaln

. o Ed < o a A
msgeoaaroinerteslaaiu uaziuuuanislumsdsvlsanssuarums1diidszaniam

Y
gan'ld

palomaiadszansmnmsdesamanvyliliosnBuaraiagsessuaiu

=S
T

1 =l 9 I o o A 9 o 1Y) o = [ =
DIUFININIINYAF Lﬂu?ﬁﬂi@Qﬁﬂﬂi‘b’ﬁ']ﬁﬁﬂﬂ'ﬁﬂiﬂﬁilﬂﬁ pH HID1UBINTIN

a

I AR S J gw I [ o o o 1 ] 25 )
Lﬂummmmm@aumﬂ HoNNUIUTUA ATV 1M TUFIIAANTIUVIINITANVOITS VUM

U

9 a

1 1 g 1 o Aad o @ 4 A a A
ﬂﬂﬂﬁﬁWﬂlLU‘UlliJslﬂfﬂﬂﬂ“]ﬂ%u ezl unouIvanASOUE1HTY DIET Lﬁﬂlwuﬂigﬁﬂ‘ﬁﬂTWﬂ"ﬁ

dooaatgnuy lil¥oonduu Fna lnvesomFanmlunsdiulgelszaninmdosaais

o

v v
uuliFeendnuiid sy Aa Wludselumsdudsarsiyluszunld dsulgemamnainy

a A J Y a A J a

= o ~ Y a a dﬂ A a
VYOIPAUNTEY G]NHJ‘LlﬂWﬁ‘ﬂWi’Hi}ﬁu‘ﬂiﬂﬂﬁ)ﬂﬁﬁ'lﬁlﬁ?i'(’)uﬂiﬁﬂﬂﬂigﬁﬂ‘ﬁﬂ"l‘l/\liﬂﬂ"llu INDHAA
[VB= 2 YA d’! dyw 1 =Y a a 1
uﬂamwmmzﬁﬁﬂizﬂauauc] lemﬁmmmmu. ‘Llﬂﬂi]'lﬂu&Nﬁ\uﬁ'inﬂigﬁﬂ‘ﬁﬂ'l‘v\lﬂ'lii‘l'lﬁl

a ' L S g 2
T@umanmauww:}wﬁwwuﬁq (A Pilarska et al., 2018; Pan-JunTing et al., 2019) 13U

v v Y
ﬂ‘igﬁ‘ﬂ‘ﬁﬂ1W"U'E'NﬂT§EJ’E]EJﬁ'ﬁVJLL’]J’]JUhJGI,%}@@ﬂ‘;lﬂfl]u NUNTINUDTUBININ ﬁu@ﬂﬂﬂ%uﬂﬂl@ﬁﬁWi

U
Y

Y ¥ 9 v Y

AIAuLAYsATIa NV T UAUABETAIAY (D. Wang et al., 2017) @9H1l9%3na lnvesau

= A 1 (] 1q 9 a = [ v J

i mntranonsgesaarenny lilyesngiou Iagnisanyina lnuaganuduius ey
[ ~ A ] (] 19 9 a Y v 1 I

Yoan TN mAlinadensdesaaronny lildeondnu laun nsnaunuatanuiunsa-

1 o a L [ o g./;

A9 MIIIUVOIPAUNTE IUTZUU HAZMTHATUETOUET

1 3 1
1. ﬂ1§ﬂ3ﬂﬂllﬂ1ﬂ')'lll!ﬂuﬂ‘iﬂ-ﬂ'l\1

v 9
IS

9 = 1 19 ¥ I ax
mslaaudmulunssuiumsdesaarsunylilyema (AD) o1 uismsing
J a A U & (X a 7 o 1 a
heazllszaninalunmsisamsiuyvesssdfnsainfimsniinuuulildoongou Tasluy
I = 1 o 4 g’/ a A J a A A [ 9 1
szuvaamdunsa Fanguean launslugdunudunis uazenunidnegludivesniy

= (= o F) A J o Aa A g o
FINTN W‘]J’J"Illﬂ?WﬂJﬁTN”Iﬁﬂiuﬂ’]ﬁﬂ”qu”l"ﬂl‘]JuﬁTiﬂauﬂaTﬂV]ﬂ AolunszUIUNTNAUNDIN

= C%

a o < A 9 o 9 A A ~ 9y 9 1 dy
NINDUNTY u!ﬁa’JiNLﬂfJTU@\‘]ﬂ’]_Iﬂ"li‘lslffﬁiﬁii’J’JTJ'fﬂi‘ﬂﬁnﬂiﬂaﬂﬂjwﬂlmﬂﬂluﬂl@\‘lﬂﬁﬂlﬁa"lu

i1 H Y
1@9]} L‘ﬁi’)‘ﬂi’)\iﬂLlWﬁﬂ'i8‘1/]‘]JWQﬁ“]JG]@ﬂi%‘]J’JHﬂ"IiEJ’E)EJﬁ@TfJ IBU NITaAAT pH N9199UgIM MU

A a [ = dyw =\ =2 9 1 [ S A
VDULUANLTINAALN TN UDNIINUEINNNANITANY Shen et al. UlﬂW‘]J’J"IﬂQﬂJﬂQﬂ%HTIEJE’JEJ

u

¥ a 1 v I 1 a g o w %
uuﬁummemm%mw Llﬁ‘éﬁaﬂHil!$HJ‘L!ﬂN51]fJQﬁ?i%i&ﬂﬁﬁﬂ‘ﬂﬂTﬂﬁTﬂﬂJiﬂﬂ?iiﬂ’]&ﬂﬁﬂJﬂﬁ



112

1 v A 2 3 A A ) ] 1
a1 pH luszavuimuneay (7.5-8) Fuiluou lvnmmnzaudmsunssuiumsdesaaiouyy
19 9 A [ =3 = [ Y Aa 9 d‘ Li’ o ! o
TulForma msmna i mnluszuudareliinaaninuiadeun@esiulensn1snIu
== a A a A (A I (A= @ 1 [ a
voauanFenaalmulumsulszinsasunidnlasuiluunalimu uazdidawanauna

Tmuluszvvaginsinuvy (Shen, Linville, Urgun-Demirtas, Schoene, & Snyder, 2015)

@ [

dy = a YA [ 1 [ = o 9 ~
UDNITNUIINNITIVYVDI Wang et al. llﬂEJ‘LlEJL!’Nﬂ’NllfﬂiJﬁﬂﬂl@ﬁﬂ?ﬂ‘lﬂﬁﬂWWiUﬂﬁﬂﬂ’iuTﬂ

I o o w ) o 1 [ {
dluaisnaunan pH Uanudiagosnsslunsinmanuaesvesa pH Tusiananins

A o

Y

a 1 1 9 a
azaunsaounsoRvallussuvgosaals aANuadestF e liuUaNSoNaATINUAINIT
o Y 1 A a a A a a 9 2 o 1 = 9
M ldedatilsz@nsawn tazmuaSnamssaadmulduntu msiha v niwan 14y

[ 19 9 =K I A a a
szvvdesaarouty TuldeimeaduiunsmiualseansmnusInizuiIums lagaananizny
A ' M 9 9 Aa S w § A
1399VINA1 pH AWATANWTNTUVOINTADUNTINUINAINGY (G. Wang et al., 2018) T5N3
a 1 = ' A [ a & A Y3 2 1o A

MmaauauFInInezaeluGeanisdosaarslumsnaaunadian las Wy uadanuny

o [ Aa A [ I Y a A ~ dzl a
mzaudvsunszuIuMIHaatmu i R Idwananlimuigauunagnizuiunsnae

o Ada A2
WAINUNGIBUBIYY
o a A ok
2. MIMNUVBIYAUNITIUITZUY

J = A a oA a A a [
ammmwmmsmwnﬂizm/l‘ﬁmwm’emJﬁmﬂﬂif’um@auma“lummammﬁumu

Y 1 Aa A 1 a ) a A daa Y Ao W == Aa A A
"lﬂ’f)EJNﬂJﬂizﬁﬂ‘ﬁNa FIUDSFEITNAINIAUNTINUHUIMNAIAY LASHUANITINAANNUNUTIU

a

' ' ] a [ ] (L
53”11!ﬂ3$1]'31!ﬂ13ﬂ@ﬂﬁﬁ’]ﬂllﬂﬂllmcl%ﬂﬂﬂ“ﬂmu Zhang et al. ﬁ\‘]!’ﬂﬁlﬁu'ﬂﬂ']u%jﬂ'lv‘lﬂﬁzéju

(%

) a : I % o v ) o a a 4 a
mswmmmaamﬁuammaﬁ ﬁﬁlﬂuﬂﬁﬂﬂTQﬁTﬂifgﬁ?ﬁﬁﬂﬂ?ﬁlﬂ?%ﬁﬂﬂl@ﬂﬂauﬂdﬁg uﬁum

9
a =) [

v @ [ 4‘ = Y g’/ =1 9 J [ A 1 =1 = [ 9
VDIAIFAATOITY LHDUNITAT WY ULTEITDUUDIYAUNTY AU MSIANDIUTININIF I8 19

a Aa A dA a Sidtg ° U [l ]
f‘niLﬁﬂjﬁmﬂﬁﬂﬂuﬂﬁﬂﬂlﬂ?%@lﬂ]lﬂﬂﬂlu uThlﬂQﬂTHLﬂiHﬁﬁUﬂflﬁ%ﬂﬂu@ﬂNi’JﬂLi’J Uagaanig

a A

= a A A [ a EA 19 9 a
QﬂlulﬁﬂuﬂﬂﬂliEJNZ’I@UJWIHGluLﬂSfNﬂ\ﬁJgﬂﬁﬂ!fJ@EJﬁ'aTEJLLTJUlliJGlGHﬂf’Jﬂ"BLﬁ]u (D. Zhang et al.,

P2

1 1 2 L4
2017)u@ﬂﬁ]1ﬂﬁﬁﬂﬁﬁﬂh1ﬂlﬂﬁ Dang et al. ‘W‘]J’NEHU%’JJHWLWNWJTMQWJﬁﬂ\lyjﬁmﬂlﬂﬁ
1 v v
Sporanaerobacter Wae Enterococcus Faeu1IadosaaIealITAaa RN Isonin lauazas

a g o = A A a2 9y A J =
sranasou g atlFd Merhanosarcina NgnIATUAIBN TN IUFININ (Dang et al., 2016)

o J

F4
uﬂﬂmﬂﬁ Indren et al. Ul@%)W‘]J Methanosaetaceae NZHANUDIUFININ uam%’wﬂgﬁnwuﬁmq
= Aaov o o’dy ) v ATy . .
PINTN ﬂ;]auwuﬁummmuﬂﬂgmiaﬂnammﬂﬂ (Indren, Birzer, Kidd, & Medwell, 2020)

£4 v
Nﬁfﬂiﬁﬂ‘hl1LWﬁ1uﬁ€)ﬂﬂﬁlﬂﬂﬂUﬂWiﬁﬂ‘HWﬁWU’Nﬂ?ﬂ“]f’)ﬂﬁ/‘l“]f’)ﬂlﬁii]ﬂ?ilﬁﬂIW’U?N

=

v 9 T
HUANGONAATINUFIUNITINY Methanosarcinales 8N4 Wang et al. WU uioUSuran1u
Y
=1

a = &

= A I 4 dy o [ a == [
FIAINTWINUYU ﬂ%!ﬂjucﬂ5518"]51!“’]ﬂ"1]1!ﬁ’]1’7TLlﬂ’]iLﬂ’]gﬁﬂmﬂﬁllﬂﬂﬂﬁﬂwaﬁul‘ﬂu FINIINUY

(% S A 4 =1 {
HAANEN0IUFINWNUANNYANAUYTUVDIMUANTIUN TUAUND Methanosaeta 11N



113

9
~ U =

o & A ' ' a : a <
ANUUY ﬂ13lW3Jﬂ1u%'J.ﬂ’]‘Wﬂgﬁ\uﬁﬁuﬂWﬂﬂaﬂuﬂiﬂ@u‘V]ig ummt‘ﬂuﬁmu UDNITINUDIU

=) C% =

o A a a J J a 2 J
FINNIUNUNANAAVOINTADUNTY ulﬁa'ﬂﬂ‘t’Jﬂ']ﬁﬁ'\?Lﬁ'ﬁJﬂ']ﬁﬁ'%ﬁ\‘]“lﬂ!l%fl\‘]clsfjﬂuéllﬂﬂﬂauﬂ g

)]

TU T UAUVDINTLUIUMTEOBAANY (T. Wang, Zhai, Zhu, Li, & Zeng, 2018)

3. MIAFUAIFUE
o 1 = I & v Ao w 1 1q ¥
nmsgaguaesniudimmiunilalunalonanidiaynisdesaaronun il
[ Y
PONFIIU FIMUTINNTgUANTATUNMTGAFUA 170V Tae91UIT8U09 Kanjanarong et al.
9 Y ' a J J a A a ) = A
lauaasliiiuinmsiinguasuenganse laasonasa(Kanjanarong etal., 2017) UAMANLA LU

] (] < ya 0 1 [
N3y ’E]EJN]liﬂmaJ Bagreev et al. 1@Wgﬂu315Wiumﬁ]Qﬂ’lu%3ﬂ’lWﬁ’lll’liflﬂﬂ"ﬁﬂﬁ"lﬂﬂﬁ

U Q L
o

wu Woatwa, Tuiasa, Tulasd, wowTwdlew, arsdidadagie, Tanzvwin uaz

v [

4 J { a ' J [ a
asvoulasenlya vena1niidilinuiTeues Shanmugam et al. Na1931M315V1/ganandn
tmulunszuiumsdosdaanaaInANNaIIsn NI 9ATUVDIN UTININ FIFIWDTTIN

v ¥ o a v @ o F% Y o o [
ﬂ’lﬁEJ'UEN"l]']ﬂﬂﬁ@TﬂElﬂ'lﬁﬂﬂG]ﬁJﬂiﬂ@u1/]%ﬂWHLﬂaDﬂWiﬂﬂ%Uﬁ’lN’liﬂﬂ']Ulﬂiﬂﬂalﬂfﬁjﬂﬂclﬁ_l LBU

U

Y
U 3

1 = a A o a ] A A Y Y
ﬂ1u5]5’3ﬂ1‘WIlll,aQﬁﬂl@ﬂﬂiﬂﬂuﬂiﬂﬂzﬁﬂﬂg UNUHNIVBIAINA mmzmmmgﬂawaaﬂ”l@ﬂu
v
v S 1

o A A& a A od 3 ¥ ¥ vaA
ﬂ’lfﬂ’iﬁ\?ﬂ/‘l@ﬂuz‘!ﬂiﬂ@uﬂﬁﬂﬂﬂﬂﬂﬂlﬂﬂqj ﬂigll'guﬂ’lﬁu“lf')ﬂiﬂﬁ’lll’lﬁflllﬂﬂuﬁgQﬂu

U

A Y 1. A

arsiseneviimlugaainnssuldedelse@nsnnnazdedu n1sdosaaronnylily
a A =\ a3 o Y] 2 Q Ao w =y dy

poNFIUNUA UMW UA995D FauilunszurumsndidgylunmsamfSnaasluitlou
] 4

ludunadon Tagldamduiauesniudninlumsqaduarsvaiiu uazdosnulald
1 A Y a ] = a A dy U = v = a

UWINTZD18%5 011G 52 UDHNA0E 1N UT2ANTNIN UONVINTL D IWTINNGITWIT03 liAa

o I ] o [ @ 1 o
nagldse Tewd Idiflunaiuu sreaannudesmsdimiunslaiaa luduazaivayuly

MIUINITIAMITINAAONBE19E981 (Shanmugam, Adhikari, Nam, & Sajib, 2018)



a Y o w v
ﬁ?ﬂ ﬂﬂﬂi]ﬂﬂﬂ VBN HasvualaHLUIUS

Aa v 4 A Aa A a (24
dsdwaminaassvesniulselumsmemyulszansamlumsndaunadiniw
] ) QYA Yoo o o Y
MNNYEYaTe Tagmatszgadlaniuyaninangasaludagsessulunssuiumsvln
1 a o [ 4 a o
uu'lildeendion Taswansnaaesdinisnmiaininglssaedves1uide nazussg
[ Y
ihmanenane]3 Tasamnsoefinesvazidealdasae Tald
a 1 = 9 a av dal (] Y d‘
1. mInaamuFInmIInyaselaenszuauns lnls lasa n1savetiganiula
o a a 1 = 9 I 1 =
msianszuIuns Inls lagd naaamdinmanyanauiluaiudinm Tagrzasisae
a J =~ ' = A a ¥ A a
M3UAsIzHaNlszneumualivess uFinwinaa 1a thelssiluguainuasnis
L I [ o U % 1 v o
Uszgna lHiuiaasessuauiinmanyadis uazimsuSsudisutuoiunuiudinga
M3 BTN INARDINMTIANDIUTFIN M TN U sEDUMTDIUUNZ NN WITDNYNS
a [ = A o a 0 A A 1 1 v W o 9 A
paaunamuge wazidnemulumsndaunaimungandnauiuiuansansA1 NS
1 = a 2] a [
2T 5-10 L Tunszanumswaannaiing aansaaanalszszmskaaunasininla
=2 20 A 1 A a A 2ea 1 A
04 33-42% UBNIINY IUFINTWF VAU TDALM TG Felimadommulsunans
a [
HAAUNT NN
= o ' A a o A ¥ Y
2. NMSANYIGAINAIUNA NI ANUVBINIHNAAUNTFININDINUNTLYAF1IG 0011
ds’ o 2 1 d' 1 %I 1 d'
Fammanyadna Mudtelivzdiseanduimingaysznnuhyzyadueg s uHIn N
Y Y a o Y A A a A a [
lannyadnelunszurumsnaaunadinim Teoniuimsmuilszansnwlunmswaaunauaz

o A Ay ¥ ’q Y1 = 9 3 o
ﬂﬂ!ﬂ'lWﬂl’f]\iL!ﬂﬁiJlﬂuﬂhlﬂ I@Elﬂ'lﬁﬂi$Qﬂﬁclflfﬂ'lu@lfﬂﬂ'lwfﬂ']ﬂialja‘lﬂﬁlﬂu'Jﬁﬂif]\?‘i‘ﬂclu

=

! 5 ' ' o oo 3 o 2
ﬂi$U?Hﬂ'liﬂllﬂl!ﬂﬂhlifl%l@@ﬂcﬁmu %Qﬁﬂ}l'lﬂ'ﬂlllmﬂﬁ']\?ﬂ’t]\?’é]@]i'lﬁﬁuu']‘]%y'ﬁ‘195}'1\1ﬂ‘ﬂu'l
1:1 1:2 1:3 1Az 1:4 kg/kg MUAIAY MIN13NA003 1UFANINAADAUVUNE (batch test) 1ABN1T
] 19 9 a A A @ g 9 [ o dy a A J
EJ@ﬂﬁﬁTfJLL‘U‘]JlliJGLG]f@@ﬂ"]ﬂﬁ]u‘ﬂmjﬂllIﬂﬂﬂ?iﬁﬂﬂﬁﬂﬂiﬂ%gyaﬂfNﬂUﬁ?L%ﬂﬂﬁuﬂiﬂﬂTﬂﬁgﬂ@u

¥ E4 1 % U 1
yagns shimanaaedlasliiureniihazyadnaludasidiu 0.5 (g VS-based) Fal5udnay
I 1 A Y YA T W Aa o Aq ¥ o o
Lﬂuﬂmmmmuiwummmu 7.1£0.1 AIVANYUNHY 3582 C ﬂi%i%ﬂ%ﬂTi‘ﬁNﬂ 457U 10

1 v { 4 1 %’ v SO‘ { a
NaﬂWi‘VIﬂaE’NLlﬁﬂ\i’JWﬂ5$TJTJLlﬂ"li‘Hllﬂﬁﬂﬁi?ﬁ?ﬂﬂ?%gga%"lﬂﬂﬂu"lﬁ [:2 @UTaNaN



115

oY 1 1 Y [ Y 1
UNAFIMNAEAUGIGA TAsNUNTAWNAWNUTLAWNINY 113 mLCH,/g VS, HATWUI
[ a [= = a a o w A = YR Lﬂ' =
NEAINATTUIUMITHAAUN A FININTUTLaNTAINNITiTad Tea lane 75.1% uaziiiel
Aa 1 a 9 o w 1. A aa da! I
MIENOIUFINNIINYAT N NITOMIAAY TOANGIUUIIN 75.1% 11U 88.1%
A Aa A a [YR= ao’ 9 FA S
3. matiulsgansamlumsnaaunadinmantiyeyasa lagms lyauainin
Y < @ @ a o dy ] 9 ~ o % 9 ¥ a
nnyadruiuiagsessy nuddeiyaiv lamswannnszuaumsmiinuuy lildeendiou
1 I @ 4 A Aa A a [
Tagldamdinmanyatauiudinars iemindszansamlumssaaunadinim msanm
dy a 4 [ rfd' FY 1 = 9 d' a Y 9 =
Hazdinszinaawsn laluduests maunainan 14 aunnveund nazanuanosvoq
Y
aszuaums luszozenluaivvesnsesnuuuaaniin el Idiimsesnuuudaniin
1 o 9 o @ 1 = 9 A Y a [ Y
U UASB 39900 159995095 ua1udaa1manyatia e lslumasnaannadininaie
' 9 a 9 o Y] ~ A A a
AszuIUMsdesaalsnul 1Feandiau Taslddaniin UASB Neenuuy H15u1as 12 aas
2 [ a o { _
Taouloudns 10 152U INNEITOUNTO (organic loading rate, OLR) 11 6 kg COD/m’d" 1az
1) 1 I 1 1 Y o 1 1 1 o o o
YsumanuiunsasneudouingdeminIntisedszning 6.5-72 sinsninaunsenasn
Y v Y
den112A987 (steady state) 1INHUTINITIANIY OLR IUDA 27.06 kg COD/m’d” W5z 1
Aq Y1 = 9 | o [ A a a a o A
UASB il imannyamadluiagsesiuannsamulszansamlumsnaaunalimu
I dyo/ = Aa A o w A YR
10 52% 111 70% UBNIINHEWU5LANTAINATAIAE 1A 1A 92.2% 1ANANITNAADY

[ [ U

Y1 = 9 Y - A
?f?ﬂllﬂ'JTJffﬂif’Nﬁ‘U%TﬂQTHGIf’JﬂTWM“ﬂclﬂx‘]f’ﬁll1§ﬂﬁﬂﬂ1§5]5$a"|\u!,llﬂ‘ﬂLiﬂiui%ﬂ’ﬂ

a

o VA v o Ay v & v 2o o A
ﬂ?iﬁuﬂllﬂﬂ@]ﬂlu@ﬂqﬂ Llagﬁ'liJ']iﬂu']Na‘ﬂllﬂ]lﬂl‘l’u@]ul!fﬂﬂ uﬂﬂ’ﬂWﬂu')ﬁﬂﬁ@QﬁﬂN

a W A A d%’ ] @ 9
AMUAINITD TUNITHAALN TFININ NGV azyagTun1slsuljaanimuindenlu
a o 7 1 X o s
nIzUIUMIHAAURATINN A Lazdeyaninnisnaas liszenaldee 11 etagilseacd
Aav g‘/ [ dy ] Y 9 =2 o Y o w 9 9 <3 o
YBIN13I981M49 3 dautzae i ladsdneninuaz vedinalumsleyadnatluninenslu
nMswaanaIIunauny uazih llgmsweuisns wazlidszansnmgedminnmsians
= 1 o A
YR THDE1NIIEY
@ =~ A A
nmsvgrerannddInmlugadivnssy uazguyulina lnvaielszmsivoriy
a A a 0 A @ dy
UszaniamuazluansHaaunarInin A9l
1. mawaumalulaguazmsdsulyanszuiumsnaa: msiunalulaglvie
9 9 a [= 1 A a a [ = I
Wi lglunsndaunarramaimisaslemulse@nsamnisulasdagdiuaailu

[ =2 = [ @ A a yddy
UNFYININ i’nJﬂ\‘]ﬂﬁﬁﬂﬂﬁf;fﬂglﬁfllm$ﬂ1iﬂiﬂﬂ§\‘lﬂmﬂ1WGUfNL!ﬂﬂﬂNﬁ@]ﬂﬂﬂh1ulﬂ@"lju



116

2. PITTINITUUMSNAAURATININADGATIMNTIUOUY: wanaoelaain

[ a

< a % ' ° a ? o
Qﬁﬁ?ﬁﬂﬁﬁhlﬂﬂ?ﬂﬂﬂﬂil&ﬂWﬁNﬁm!ﬂﬁ%’)ﬂ'lw YU ﬂ']ﬁuWﬂ']ﬂﬂ%ﬂ@l!ﬂ']ﬂjﬁx‘]\ﬂuNﬁﬂuWﬁJuﬁ“ﬁ

q

=<

RAALAATINN Fasaaaunuingauuagiuyan g a1y

[

3. msaduayunnuleiouazanslse Temivesss: Syvraamnsoaivayuy

3
a [V Ya ] = A Jya aa A [] Lg
MIHAAUNTFININTAINT INIRIUAK YU AANEDUNH HIOMT IHANTNABDUY 15U 15T 0
v @ A A a yyg A qu o
nauunadInminaa laiie ldluninsy
Jd v 2 o 1 a
4. m3susALazMIANEIEUEINANS Iuguau: msnusihuazdaasuns 19
@ A Yo v o = o v o oA o
unadmninnugusy Tagn1sdanlasamsany) Maduu uagmslsendunusinelny
4 [ 1
Usg Temiuazms I Hunadinwed g auy
' dy 9 ' [ Y
5. mmeuunideday: masuunulunisvergnaungddinine1vlsznouale
F
msaanuiesdudmsunisadnsodSudselsenu, msdneusuyaains, nisdiuilsa
= o a 1 A = 9 o a dy @ A Y1
malTulad uaznsauiun1snies MAer9eenuNITHAg HanaIntdie1aliallgaiel
k4
MIPTNELazANTOMAIHUIOU
@ A Y A = o ' A Y a ¢
6. MIVBIBHAUNATININADINIITAIDITVonaneed1aive iinallss Tow
Y '
gegan luyuNoIUATHIN VAL AILING DY 1DLAIINITIIURUDE19ToUADY Tu

Q 9

msih 11 lusgauguruazeaannssu



117

UIIUIYNIN

[ [ [y Jd [ [ o a
NTUHALINAINIUNAUNUIAZOYTNENAINIU. (2557). gllomsWauuazn1saanuran
WANIUNAUNLYAT 5 WANILUAGFININ. NTURAINAINUNAUNULEY YT NY
WA NTENTWWAINU., NFAUNNA,
Y] 4 Y] v J (24 o %
NOHA TIUIUNT 1AL TUFY 1ONAAT. (2552). UAATININ biogas. NITUWAMUINAINUNALNY
] 4 I ]
HAZOYINHNAIIIU: ATENTWWAINY., DTINW.
a 4 a a a [ a 1 ]
nauns ananeloiu. (2555). msvsaiduiiovesmswanainoin i s lag1gaseuauns
o o o a a Ia o a
laTasmesueanisve luiwsy. GnerinusiaInssueansumiadia)
= % = 1 =} 1
UHINeausea v, 1Bl
] = o a Y 9 I~ ~
5390 152104, (2555). wansenunINaIaNLaZIAT¥gN9InMTas 19y uaniun
] ~ dy A o dm’ 9/ o ] o v A 1 Aa a A
Nnoune vy i F1uanat Iy o uaouULLAN 991 IMTe 1ry. (e tnusaailen
% = =) % = 1 =} 1
AATUNITUNA) WHINGeTe 11, (e lru.
a 4 ~ =] 1 a =
uUAT NNNA. (2553). 1na Tu Tagmsur/asamudania. ngunwa: mauauasuma lulay
(lno-airlu).
a a @ a (72 o o
1F51 YA 1A YIAA ageIgNY. (2561). DITHAAUNATINWUAS WAILILLYT 1804 Tag
=4 AH A S o = a = o a o =}
JEUVYBIOA TIINVOUAIDUNTETINNYNITATIPAUNTE (318TUNTIVY). BA13:
UHIINGABY TN,
a a o = a dapd o a g a o o =
BUNTT WIAV. (2562). MsipaevLasnIsAATIEH AN YNNG INdannnd0e suuUHEY
a =1 NG K4 v JaA =1 a
woualyiltmagladmionalensgurumsiaanguuniinsouai/anesy.
a a A @ a o
Gnendnuiinermaasuiiiusa) donfuma lulagnszaoundusiquniis

ﬁ?ﬂﬂigﬂlﬂ, NIIUNNL.

v
g A Y

Aan a Aa Aara a a 4
DIITIU ﬂiIGD'G]. (2549).!ﬂﬁ!°b’\71’/ﬁ'ﬂﬂ!ﬂ@\7ﬁu. a3van: ﬂTﬂ’JGIf”ILﬂfI AUSINYIATITAT
UMINSITIVAIUATUNS .
a A dy Aa A =i A o o a N 1 =
DAFAT LIDLAN (2562). mfammmmwgmmmmmmcnTﬂayauma VD ULNU: ﬂmzmﬂTuTaﬂ
nwﬁﬂmﬁ’ﬂmauuﬁu.
A Pilarska, A., Wolna-Maruwka, A., & Pilarski, K. (2018). Kraft lignin grafted with
polyvinylpyrrolidone as a novel microbial carrier in biogas production. Energies,

11(12), 3246.



118

Abbasi, T., & Abbasi, S. (2012). Formation and impact of granules in fostering clean energy
production and wastewater treatment in upflow anaerobic sludge blanket (UASB)
reactors. Renewable and Sustainable Energy Reviews, 16(3), 1696-1708.

Abd El-Raheem, H., Korri-Youssoufi, H., & Hassan, R. Y. (2022). Biofilm and the electron transfer
mechanism in bioelectrochemical systems. In Bio-Electrochemical Systems (pp. 65-
91): CRC Press.

Amani, T., Nosrati, M., & Sreekrishnan, T. (2010). Anaerobic digestion from the viewpoint of
microbiological, chemical, and operational aspects—a review. Environmental Reviews,
18(NA), 255-278.

Angelidaki, I, & Sanders, W. (2004). Assessment of the anaerobic biodegradability of
macropollutants. Re/Views in Environmental Science & Bio/Technology, 3(2), 117-129.

Azargohar, R., Nanda, S., Rao, B.; & Dalai, A. K. (2013). Slow pyrolysis of deoiled canola meal:
product yields and characterization. Energy & fuels, 27(9), 5268-5279.

Babatunde, L., Tilli, I., & Mbini, O. (2022). The Production of Biogas from Cow Dung. In: BP
International.

Bakraoui, M., Karouach, F., Ouhammou, B., Aggour, M., Essamri, A., & El Bari, H. (2020). Biogas
production from recycled paper mill wastewater by UASB digester: Optimal and
mesophilic conditions. Biotechnology Reports, 25, ¢00402.

Basitere, M., Rinquest, Z., Njoya, M., Sheldon, M., & Ntwampe, S. K. O. (2017). Treatment of
poultry slaughterhouse wastewater using a static granular bed reactor (SGBR) coupled
with ultrafiltration (UF) membrane system. Water Science and Technology, 76(1), 106-
114.

Belancon, D., Fuzzato, M. C., Gomes, D. R., Cichello, G. C., de Pinho, S. C., Ribeiro, R., &
Tommaso, G. (2010). A comparison of two bench-scale anaerobic systems used for the
treatment of dairy effluents. International journal of dairy technology, 63(2), 290-296.

Bengelsdorf, F. R., Gabris, C., Michel, L.; Zak, M., & Kazda, M. (2015). Syntrophic microbial
communities on straw as biofilm carrier increase the methane yield of a biowaste-

digesting biogas reactor. AIMS Bioeng, 2(3), 264-276.



119

Bhatia, S. K., & Yang, Y.-H. (2017). Microbial production of volatile fatty acids: current status and
future perspectives. Reviews in Environmental Science and Bio/Technology, 16(2),
327-345.

Bona, D., Beggio, G., Weil, T., Scholz, M., Bertolini, S., Grandi, L., . . . Pivato, A. (2020). Effects
of woody biochar on dry thermophilic anaerobic digestion of organic fraction of
municipal solid waste. Journal of environmental management, 267, 110633.

Borja, R., Banks, C. J., & Wang, Z. (1995). Effect of organic loading rate on anaerobic treatment
of slaughterhouse wastewater in a fluidised-bed reactor. Bioresource Technology,
52(2), 157-162.

Budiyono, 1. S., & Sumardiono, S. (2014). Kinetic model of biogas yield production from vinasse
at various initial pH: comparison between modified Gompertz model and first order
kinetic model. Research Journal of Applied Sciences, Engineering and Technology,
7(13), 2798-2805.

Buendia, I., Fernandez, F., Villasefior, J., & Rodriguez, L. (2008). Biodegradability of meat
industry wastes under-anaerobic and aerobic conditions. Water research, 42(14), 3767-
3774.

Buswell, A., & Mueller, H. (1952). Mechanism of methane fermentation. Industrial & Engineering
Chemistry, 44(3),550-552.

Caixeta, C. E., Cammarota, M. C., & Xavier, A. M. (2002). Slaughterhouse wastewater treatment:
evaluation of a new three-phase separation system in a UASB reactor. Bioresource
Technology, 81(1), 61-69.

Chai, H., & Kang, W. (2012). Influence of biofilm density on anaerobic sequencing batch biofilm
reactor treating mustard tuber wastewater. Applied biochemistry and biotechnology,
168(6), 1664-1671.

Chan, P. C., Lu, Q., de Toledo, R. A., Gu, J.-D., & Shim, H. (2019). Improved anaerobic co-
digestion of food waste and domestic wastewater by copper supplementation—Microbial
community change and enhanced effluent quality. Science of the total environment,

670, 337-344.



120

Chen, C., Liang, J., Yoza, B. A., Li, Q. X., Zhan, Y., & Wang, Q. (2017). Evaluation of an up-flow
anaerobic sludge bed (UASB) reactor containing diatomite and maifanite for the
improved treatment of petroleum wastewater. Bioresource Technology, 243, 620-627.

Chen, H., Wei, Y., Liang, P., Wang, C., Hu, Y., Xie, M., . . . Tian, H. (2020). Performance and
microbial community variations of a upflow anaerobic sludge blanket (UASB) reactor
for treating monosodium glutamate wastewater: Effects of organic loading rate. Journal
of environmental management, 253, 109691.

Chen, H., Wei, Y., Xie, C., Wang, H., Chang, S., Xiong, Y., ... Yu, G. (2020). Anaerobic treatment
of glutamate-rich wastewater in a continuous UASB reactor: Effect of hydraulic
retention time and methanogenic degradation pathway. Chemosphere, 245, 125672.

Chen, H., Zhang, C., Rao, Y., Jing, Y., Luo, G., & Zhang, S. (2017). Methane potentials of
wastewater generated from hydrothermal liquefaction of rice straw: focusing on the
wastewater characteristics and microbial community compositions. Biotechnology for
biofuels, 10(1), 1-16.

Chen, Y., Zhang, X., Chen, W, Yang, H., & Chen, H. (2017). The structure evolution of biochar
from biomass pyrolysis and its correlation with gas pollutant adsorption performance.
Bioresource Technology, 246, 101-109.

Cheng, J. J. (2017). Anaerobic digestion for biogas production. In Biomass to renewable energy
processes (pp. 143-194): CRC Press.

Chiappero, M., Norouzi, O., Hu, M., Demichelis, F., Berruti, F., Di Maria, F., . . . Fiore, S. (2020).
Review of biochar role as additive in anaerobic digestion processes. Renewable and
Sustainable Energy Reviews, 131, 110037.

Cruz Viggi, C., Rossetti, S., Fazi, S., Paiano, P., Majone, M., & Aulenta, F. (2014). Magnetite
particles triggering a faster and more robust syntrophic pathway of methanogenic
propionate degradation. Environmental science & technology, 48(13), 7536-7543.

Dang, Y., Holmes, D. E., Zhao, Z., Woodard, T. L., Zhang, Y., Sun, D., . . . Lovley, D. R. (2016).
Enhancing anaerobic digestion of complex organic waste with carbon-based conductive

materials. Bioresource Technology, 220, 516-522.



121

Debik, E., & Coskun, T. (2009). Use of the Static Granular Bed Reactor (SGBR) with anaerobic
sludge to treat poultry slaughterhouse wastewater and kinetic modeling. Bioresource
Technology, 100(11), 2777-2782.

Dehkhoda, A. M., Gyenge, E., & Ellis, N. (2016). A novel method to tailor the porous structure of
KOH-activated biochar and its application in capacitive deionization and energy
storage. Biomass and Bioenergy, 87, 107-121.

Dendooven, L., & Escamilla-Silva, E. (2005). Poultry slaughter wastewater treatment with an up-
flow anaerobic sludge blanket (UASB) reactor. Bioresource Technology, 96(15), 1730-
1736.

Deng, C., Kang, X., Lin, R., Wu, B., Ning, X., Wall, D., & Murphy, J. D. (2023). Boosting biogas
production from recalcitrant lignin-based feedstock by adding lignin-derived
carbonaceous materials within the anaerobic digestion process. Energy, 278, 127819.

Diamantis, V., & Aivasidis, A. (2018). Performance of an ECSB reactor for high-rate anaerobic
treatment of cheese industry wastewater: effect of pre-acidification on process
efficiency and calcium precipitation. Water Science and Technology, 78(9), 1893-1900.

Dinuccio, E., Balsari, P., Gioelli, F., & Menardo, S. (2010). Evaluation of the biogas productivity
potential of some Italian agro-industrial biomasses. Bioresource Technology, 101(10),
3780-3783.

Dutta, A., Davies, C., & Ikumi, D. S. (2018). Performance of upflow anaerobic sludge blanket
(UASB) reactor and other anaerobic reactor configurations for wastewater treatment: a
comparative review and critical updates. Journal of Water Supply: Research and
Technology—AQUA, 67(8), 858-884.

Dwivedi, D., & Sehgal, T. (2022). Biofilm Development in Gram-Positive and Gram-Negative
Bacteria. In Focus on bacterial biofilms: IntechOpen.

Ekstrom, C., Lindman, N., & Pettersson, R. (1985). Catalytic conversion of tars, carbon black and
methane from pyrolysis/gasification of biomass. In Fundamentals of thermochemical
biomass conversion (pp. 601-618): Springer.

Escudie, R., Cresson, R., Delgen¢s, J.-P., & Bernet, N. (2011). Control of start-up and operation of
anaerobic biofilm reactors: an overview of 15 years of research. Water research, 45(1),

1-10.



122

Esparza-Soto, M., Jacobo-Lopez, A., Lucero-Chavez, M., & Fall, C. (2019). Anaerobic treatment
of chocolate-processing industry wastewater at different organic loading rates and
temperatures. Water Science and Technology, 79(12), 2251-2259.

Fabbri, D., & Torri, C. (2016). Linking pyrolysis and anaerobic digestion (Py-AD) for the
conversion of lignocellulosic biomass. Current opinion in biotechnology, 38, 167-173.

Faisal, S., Salama, E.-S., Hassan, S. H., Jeon, B.-H., & Li, X. (2020). Biomethane enhancement via
plastic carriers in anaerobic co-digestion of agricultural wastes. Biomass Conversion
and Biorefinery, 1-13.

Fang, C., Boe, K., & Angelidaki, I. (2011). Biogas production from potato-juice, a by-product from
potato-starch processing, in upflow anaerobic sludge blanket (UASB) and expanded
granular sludge bed (EGSB) reactors. Bioresource Technology, 102(10), 5734-5741.

Gao, M., Zhang, L., & Liu, Y. (2020). High-loading food waste and blackwater anaerobic co-
digestion: Maximizing bioenergy recovery. Chemical Engineering Journal, 394,
124911.

Geibler, A., Schwan, B., & Dornack, C. (2019). Developing a high-performance methane stage for
biomass with high nitrogen loads. Renewable Energy, 143, 1744-1754.

Gong, W.-j., Liang, H., Li, W.-z., & Wang, Z.-z. (201 1). Selection and evaluation of biofilm carrier
in anaerobic digestion treatment of cattle manure. Energy, 36(5), 3572-3578.

Giir, E., & Demirer, G. (2019). Anaerobic digestability and biogas production capacity of pistachio
processing wastewater in UASB-reactors. Journal of Environmental Engineering,
145(8), 04019042.

Han, Y., Guo, J., Zhang, Y., Lian, J., Guo, Y., Song, Y.,. .. Yang, Q. (2018). Anaerobic granule
sludge formation and perchlorate reduction in an Upflow Anaerobic Sludge Blanket
(UASB) reactor. Bioresource Technology Reports, 4, 123-128.

Hassan, S. R., Zwain, H. M., & Dahlan, 1. (2013). Development of Anaerobic Reactor for Industrial
Wastewater Treatment: An Overview, Present Stage and Future Prospects. Journal of
Advanced Scientific Research, 4(1).

He, P., Zhang, H., Duan, H., Shao, L., & Lii, F. (2020). Continuity of biochar-associated biofilm in

anaerobic digestion. Chemical Engineering Journal, 124605.



123

Hendrickx, T., Pessotto, B., Prins, R., Habets, L., & Vogelaar, J. (2019). Biopaq® ICX: The next
generation high rate anaerobic reactor proves itself at full scale. Water Practice and
Technology, 14(4), 802-807.

Hiibner, T., & Mumme, J. (2015). Integration of pyrolysis and anaerobic digestion—use of aqueous
liquor from digestate pyrolysis for biogas production. Bioresource Technology, 183,
86-92.

Indren, M., Birzer, C. H., Kidd, S. P., & Medwell, P. R. (2020). Effect of total solids content on
anaerobic digestion of poultry litter with biochar. Journal of environmental
management, 255, 109744,

Ivanovici, M., Cioabla, A., Lelea, D., Popescu, F., Dunga, L., & Ordodi, L. (2021). Biogas
production on lab-scale: utilization-of wastewater from Hunedoara treatment plant.
Paper presented at the Journal of Physics: Conference Series.

Izadi, P., Izadi, P., Eldyasti, A., & Hawkes, R. (2018). Enhancement of anacrobic digestion using
particulate growth systems. BioEnergy Research, 11(3),516-527.

Jiang, L., Zhang, Y., Zhu, Y., Huang, Z., Huang, J., Wu, Z., . .. Li, H. (2023). Effects of Magnetic
Biochar Addition on Mesophilic Anaerobic Digestion of Sewage Sludge. International
Journal of Environmental Research and Public Health, 20(5),4278.

Jiang, T., Shi, Z., Zhang, S., & Luo, G. (2023). Enhanced anaerobic digestion by hydrochar for
efficient biogas production. In Material-Microbes Interactions (pp. 271-295): Elsevier.

Jing, Z.,Hu, Y., Niu, Q., Liu, Y., Li, Y .-Y., & Wang, X. C.(2013). UASB performance and electron
competition between methane-producing archaea and. sulfate-reducing bacteria in
treating - sulfate-rich wastewater containing ethanol and acetate. Bioresource
Technology, 137, 349-357.

Johnravindar, D., Kumar, R., Luo, L., Jun, Z., Manu, M., Wang, H., & Wong, J. W. (2022).
Influence of inoculum-to-substrate ratio on biogas enhancement during biochar-
assisted co-digestion of food waste and sludge. Environmental Technology, 1-13.

Kafle, G. K., & Chen, L. (2016). Comparison on batch anaerobic digestion of five different
livestock manures and prediction of biochemical methane potential (BMP) using

different statistical models. Waste management, 48, 492-502.



124

Kafle, G. K., & Kim, S. H. (2013). Anaerobic treatment of apple waste with swine manure for
biogas production: batch and continuous operation. Applied Energy, 103, 61-72.

Kan, T., Strezov, V., & Evans, T. J. (2016). Lignocellulosic biomass pyrolysis: A review of product
properties and effects of pyrolysis parameters. Renewable and Sustainable Energy
Reviews, 57, 1126-1140.

Kanjanarong, J., Giri, B. S., Jaisi, D. P., Oliveira, F. R., Boonsawang, P., Chaiprapat, S., . . . Khanal,
S. K. (2017). Removal of hydrogen sulfide generated during anaerobic treatment of
sulfate-laden wastewater using biochar: Evaluation of efficiency and mechanisms.
Bioresource Technology, 234, 115-121,

Karadag, D., Kéroglu, 0. E., Ozkaya, B., & Cakmakci, M. (2015). A review on anaerobic biofilm
reactors for the treatment of dairy industry wastewater. Process Biochemistry, 50(2),
262-271.

Karellas, S., Boukis, I., & Kontopoulos, G.(2010). Development of an investment decision tool for
biogas production from agricultural waste. Renewable and Sustainable Energy
Reviews, 14(4), 1273-1282.

Koch, K., Hafner, S.-D., Weinrich, S., Astals, S., & Holliger, C.(2020). Power and limitations of
biochemical methane potential (BMP) tests. Frontiers-in energy research, 8, 63.

Kontogeorgopoulos, N. (2009). Wildlife tourism in semi-captive settings: a case study of elephant
camps in northern Thailand. Current Issues in Tourism, 12(5-6), 429-449.

Kulikowska, D, Jéiwiak, T., Kowal, P., & Ciesielski, S. (2010). Municipal landfill leachate
nitrification in RBC biofilm—Process efficiency and molecular analysis of microbial
structure. Bioresource Technology, 101(10), 3400-3405.

Latif, M. A., Ghufran, R., Wahid, Z. A., & Ahmad, A. (2011). Integrated application of upflow
anaerobic sludge blanket reactor for the treatment of wastewaters. Water research,
45(16), 4683-4699.

Lee, J.-Y., Lee, S.-H., & Park, H.-D. (2016). Enrichment of specific electro-active microorganisms
and enhancement of methane production by adding granular activated carbon in
anaerobic reactors. Bioresource Technology, 205, 205-212.

Lehmann, J., & Joseph, S. (2015). Biochar for environmental management: science, technology

and implementation: Routledge.



125

Li, D., Liu, S., Mi, L., Li, Z., Yuan, Y., Yan, Z., & Liu, X. (2015). Effects of feedstock ratio and
organic loading rate on the anaerobic mesophilic co-digestion of rice straw and cow
manure. Bioresource Technology, 189, 319-326.

Li, J., He, C., Tian, T., Liu, Z., Gu, Z., Zhang, G., & Wang, W. (2020). UASB-modified Bardenpho
process for enhancing bio-treatment efficiency of leachate from a municipal solid waste
incineration plant. Waste management, 102, 97-105.

Li, Y., Li, X., Hao, Y., Liu, Y., Dong, Z., & Li, K. (2021). Biological and physiochemical methods
of biofilm adhesion resistance control of medical-context surface. International Journal
of Biological Sciences, 17(7), 1769.

Liao, Q., Chang, J.-s., Herrmann, C., & Xia, A. (2018). Bioreactors for microbial biomass and
energy conversion: Springer.

Lin, R., Cheng, J., Zhang, J., Zhou, J., Cen, K., & Murphy, J. D.(2017). Boosting biomethane yield
and production rate with graphene: The potential of direct interspecies electron transfer
in anaerobic digestion. Bioresource Technology, 239, 345-352.

Linville, J. L., Shen, Y., Ignacio-de Leon, P. A., Schoene, R. P.; & Urgun-Demirtas, M. (2017). In-
situ biogas upgrading during anaerobic digestion of food waste amended with walnut
shell biochar at bench scale. Waste management & research, 35(6), 669-679.

Liu, Y., Lin, C., Jia, H., Yong, X., Xie, X., Wu, X., ... Wei, P. (2019). Effects of amino-modified
biofilm carriers on biogas production in the anaerobic digestion of corn straw.
Environmental Technology.

Liu, Y., Zhu, Y., Jia, H., Yong, X., Zhang, L., Zhou, J., . . . Wei, P. (2017). Effects of different
biofilm carriers on biogas production during anaerobic digestion of corn straw.
Bioresource Technology, 244, 445-451.

Loizia, P., Neofytou, N., & Zorpas, A. A. (2019). The concept of circular economy strategy in food
waste management for the optimization of energy production through anaerobic
digestion. Environmental Science and Pollution Research, 26(15), 14766-14773.

Mainardis, M., Flaibani, S., Mazzolini, F., Peressotti, A., & Goi, D. (2019). Techno-economic
analysis of anaerobic digestion implementation in small Italian breweries and
evaluation of biochar and granular activated carbon addition effect on methane yield.

Journal of Environmental Chemical Engineering, 7(3), 103184,



126

Marcos, A., Al-Kassir, A., Cuadros, F., & Yusaf, T. (2017). Treatment of slaughterhouse waste
water mixed with serum from lacteal industry of extremadura in Spain to produce clean
energy. Energies, 10(6), 765.

Marti-Herrero, J., Alvarez, R., Rojas, M., Aliaga, L., Céspedes, R., & Carbonell, J. (2014).
Improvement through low cost biofilm carrier in anaerobic tubular digestion in cold
climate regions. Bioresource Technology, 167, 87-93.

Meng, Y., Jost, C., Mumme, J., Wang, K., & Linke, B. (2016). An analysis of single and two stage,
mesophilic and thermophilic high rate systems for anaerobic digestion of corn stalk.
Chemical Engineering Journal, 288,79-86.

Meyer-Kohlstock, D., Haupt, T., Heldt, E., Heldt, N., & Kraft, E. (2016). Biochar as additive in
biogas-production from bio-waste. Energies, 9(4), 247.

Montes, J. A., Leivas, R., Martinez-Prieto, D., & Rico, C. (2019). Biogas production from the liquid
waste of distilled gin production: Optimization of UASB reactor performance with
increasing organic loading rate for co-digestion with swine wastewater. Bioresource
Technology, 274, 43-47.

Morales-Polo, C., Cledera-Castro, M. D. M., & Moratilla Soria, B.-Y. (2018). Reviewing the
anaerobic digestion of food waste: From waste generation and anaerobic process to its
perspectives. Applied Sciences, 8(10), 1804.

Moteeb, S. H. (2008). Quantitative and qualitative assays of bacterial biofilm produced by
Pseudomonas aeruginosa and Klebsiella spp. J. Al-anbar Univ. pure sci, 2(3), 6-13.

Nanda, S., Azargohar, R., Kozinski, J. A., & Dalai, A. K. (2014). Characteristic studies on the
pyrolysis products from hydrolyzed Canadian lignocellulosic feedstocks. BioEnergy
Research, 7(1), 174-191.

Pan JunTing, P. J., Ma JunYi, M. J., Zhai LiMei, Z. L.; Luo Tao, L. T., Mei ZiLi, M. Z., & Liu
HongBin, L. H. (2019). Achievements of biochar application for enhanced anaerobic
digestion: a review.

Parker, W. J. (2005). Application of the ADMI1 model to advanced anaerobic digestion.

Bioresource Technology, 96(16), 1832-1842.



127

Pecchi, M., & Baratieri, M. (2019). Coupling anaerobic digestion with gasification, pyrolysis or
hydrothermal carbonization: A review. Renewable and Sustainable Energy Reviews,
105, 462-475.

Pelaez-Samaniego, M. R., Smith, M. W., Zhao, Q., Garcia-Perez, T., Frear, C., & Garcia-Perez, M.
(2018). Charcoal from anaerobically digested dairy fiber for removal of hydrogen
sulfide within biogas. Waste management, 76, 374-382.

Pellera, F.-M., & Gidarakos, E. (2016). Effect of substrate to inoculum ratio and inoculum type on
the biochemical methane potential of solid agroindustrial waste. Journal of
Environmental Chemical Engineering, 4(3), 3217-3229.

Pererva, Y., Miller, C. D., & Sims, R. C. (2020). Existing empirical kinetic models in biochemical
methane potential (BMP) testing, their selection and numerical solution. Water, 12(6),
1831.

Pilarska, A. A., Wolna-Maruwka, A., Pilarski, K., Janczak, D., Przybyl', K., & Gawrysiak-
Witulska, M. (2019). The use of lignin as a microbial carrier in the co-digestion of
cheese and wafer waste. Polymers, 11(12), 2073.

Qambrani, N. A., Rahman, M. M., Won, S., Shim, S., & Ra, C. (2017). Biochar properties and eco-
friendly applications for climate change mitigation, waste management, and wastewater
treatment: A review. Renewable and Sustainable Energy Reviews, 79, 255-273.

Qazi, J. I., Nadeem, M., Baig, S. S., Baig, S., & Syed, Q. (2011). Anaerobic fixed film biotreatment
of dairy wastewater. Middle-East Journal of Scientific Research, 8(3), 590-593.

Quan, K., Hou, J., Zhang, Z., Ren, Y., Peterson, B. W., Flemming, H.-C., . . . van der Mei, H. C.
(2022). Water in bacterial biofilms: pores and channels, storage and transport functions.
Critical reviews in microbiology, 48(3), 283-302.

Ramm, P., Jost, C., Neitmann, E., Sohling, U., Menhorn, O., Weinberger, K., . . . Linke, B. (2014).
Magnetic biofilm carriers: the use of novel magnetic foam glass particles in anaerobic
digestion of sugar beet silage. Journal of renewable energy, 2014.

Rasapoor, M., Young, B., Asadov, A., Brar, R., Sarmah, A. K., Zhuang, W.-Q., & Baroutian, S.
(2020). Effects of biochar and activated carbon on biogas generation: A
thermogravimetric and chemical analysis approach. FEnergy Conversion and

Management, 203, 112221.



128

Rattanawannee, A., Duangpukdee, O., & Poolprasert, P. (2013). Insect diversity during different
stages of Asiatic Elephant dung deterioration in Eastern Thailand. Agriculture and
Natural Resources, 47(3), 387-397.

Reungsang, A., Pattra, S., & Sittijunda, S. (2012). Optimization of key factors affecting methane
production from acidic effluent coming from the sugarcane juice hydrogen
fermentation process. Energies, 5(11),4746-4757.

Reza, M. S., Ahmed, A., Caesarendra, W., Abu Bakar, M. S., Shams, S., Saidur, R., . .. Azad, A.
K. (2019). Acacia holosericea: an invasive species. for bio-char, bio-oil, and biogas
production. Bioengineering, 6(2), 33.

Ribeiro, F. R., Passos, F., Gurgel, L. V. A., Baéta, B. E. L., & De Aquino, S. F. (2017). Anaerobic
digestion of hemicellulose hydrolysate produced after hydrothermal pretreatment of
sugarcane bagasse in UASB reactor. Science of the Total Environment, 584, 1108-1113.

Rico, C., Montes, J. A., & Rico, J. L. (2017). Evaluation of different types of anaerobic seed sludge
for the high rate anaerobic digestion of pig slurry in° UASB reactors. Bioresource
Technology, 238, 147-156.

Rico, C., Muiioz, N., Fernandez, J., & Rico, J. L. (2015). High-load anaerobic co-digestion of
cheese whey and liquid fraction of dairy manure in a one-stage UASB process: Limits
in co-substrates ratio and organic loading rate. Chemical Engineering Journal, 262,
794-802.

Sakar, S., Yetilmezsoy, K., & Kocak, E. (2009). Anaerobic digestion technology in poultry and
livestock waste treatment—a literature review. Waste management & research, 27(1),
3-18.

Salman, C. A., Schwede, S., Thorin, E., & Yan, J. (2017). Enhancing biomethane production by
integrating pyrolysis and anaerobic digestion processes. Applied Energy, 204, 1074-
1083.

Saravanan, V., & Sreekrishnan, T. (2006). Modelling anaerobic biofilm reactors—A review.
Journal of environmental management, 81(1), 1-18.

Schneider, D. (2014). Metagenomic and Metatranscriptomic Analyses of Calcifying Biofilms.



129

Shahkarami, S., Dalai, A. K., & Soltan, J. (2016). Enhanced CO2 adsorption using MgO-
impregnated activated carbon: impact of preparation techniques. Industrial &
Engineering Chemistry Research, 55(20), 5955-5964.

Shanmugam, S. R., Adhikari, S., Nam, H., & Sajib, S. K. (2018). Effect of bio-char on methane
generation from glucose and aqueous phase of algae liquefaction using mixed anaerobic
cultures. Biomass and Bioenergy, 108, 479-486.

Shen, Y., Linville, J. L., Urgun-Demirtas, M., Schoene, R. P., & Snyder, S. W. (2015). Producing
pipeline-quality biomethane via anaerobic digestion of sludge amended with corn
stover biochar with in-situ CO2 removal. Applied Energy, 158, 300-309.

Shineh, G., Mobaraki, M., Perves Bappy, M. J., & Mills, D. K. (2023). Biofilm formation, and
related impacts on healthcare, food processing and packaging, industrial
manufacturing, marine industries, and sanitation—A review. Applied Microbiology,
3(3), 629-665.

Siddiki, S. Y. A., Uddin, M., Mofijur, M., Fattah, I., Ong, H. C., Lam, S. S., ... Ahmed, S. (2021).
Theoretical calculation of biogas production and greenhouse gas emission reduction
potential -of livestock, poultry and slaughterhouse waste in Bangladesh. Journal of
Environmental Chemical Engineering, 9(3), 105204.

Siddique, M. N. L., & Wahid, Z. A. (2018). Achievements and perspectives of anaerobic co-
digestion: A review. Journal of cleaner production, 194,359-371.

Sugiarto, Y., Wijayanti, U. R., Sunyoto, N.- M. S., Maharsih, I. K., Andriani, R. D., & Anugroho,
F. (2023). The Effect of Biochar Particle Size on Biogas Production Using Bread Waste
Substrate. Jurnal Keteknikan Pertanian Tropis dan Biosistem, 11(1), 105-115.

Szentgyorgyi, E., Nemestothy, N., & Belafi-Bako, K. (2010). Anaerobic moving bed biofilm
fermenter for biogas production. Environment Protection Engineering, 36(4), 117-125.

Tangkathitipong, P., Intanoo, P., Butpan, J., & Chavadej, S. (2017). Separate production of
hydrogen and methane from biodiesel wastewater with added glycerin by two-stage
anaerobic sequencing batch reactors (ASBR). Renewable Energy, 113, 1077-1085.

Tassew, F. A., Bergland, W. H., Dinamarca, C., & Bakke, R. (2020). Influences of temperature and
substrate particle content on granular sludge bed anaerobic digestion. Applied Sciences,

10(1), 136.



130

Tektas, S., Thurnheer, T., Eliades, T., Attin, T., & Karygianni, L. (2020). Initial bacterial adhesion
and biofilm formation on aligner materials. Antibiotics, 9(12), 908.

Tian, T., Qiao, S., Li, X., Zhang, M., & Zhou, J. (2017). Nano-graphene induced positive effects
on methanogenesis in anaerobic digestion. Bioresource Technology, 224, 41-47.

Valero, D., Rico, C., Canto-Canché, B., Dominguez-Maldonado, J. A., Tapia-Tussell, R., Cortes-
Velazquez, A., & Alzate-Gaviria, L. (2018). Enhancing biochemical methane potential
and enrichment of specific electroactive communities from nixtamalization wastewater
using granular activated carbon as a conductive material. Energies, 11(8), 2101.

Van Ginkel, S. W., & Logan, B. (2005). Increased biological hydrogen production with reduced
organic loading. Water research, 39(16), 3819-3826.

Vasconcelos, E., Santaella, S., Viana, M., Dos Santos, A., Pinheiro, G., & Leitdo, R. (2019).
Composition and ecology of bacterial and archaeal communities in anaerobic reactor
fed with residual glycerol. Anaerobe, 59, 145-153.

Vidal, J., Carvajal, A., Huilinir, C., & Salazar, R.(2019). Slaughterhouse wastewater treatment by
a combined anaerobic  digestion/solar photoelectro-Fenton process performed in
semicontinuous operation. Chemical Engineering Journal, 378, 122097.

Wambugu, C. W., Rene, E. R., van de Vossenberg, J., Dupont, C., & van Hullebusch, E. D. (2019).
Role of biochar in anaerobic digestion based biorefinery for food waste. Frontiers in
energy research, 7;14.

Wang, D., Ai, J., Shen, ., Yang, G., Zhang, Y., Deng, S., ... Song, C. (2017). Improving anaerobic
digestion of easy-acidification substrates by promoting buffering capacity using biochar
derived from vermicompost. Bioresource Technology, 227,286-296.

Wang, G., Li, Q., Dzakpasu, M., Gao, X., Yuwen, C., & Wang, X. C. (2018). Impacts of different
biochar types on hydrogen production promotion during fermentative co-digestion of
food wastes and dewatered sewage sludge. Waste management, 80, 73-80.

Wang, T., Huang, Z., Ruan, W., Zhao, M., Shao, Y., & Miao, H. (2018). Insights into sludge
granulation during anaerobic treatment of high-strength leachate via a full-scale I1C
reactor with external circulation system. Journal of environmental sciences, 64, 227-

234.



131

Wang, T., Zhai, Y., Zhu, Y., Li, C., & Zeng, G. (2018). A review of the hydrothermal carbonization
of biomass waste for hydrochar formation: Process conditions, fundamentals, and
physicochemical properties. Renewable and Sustainable Energy Reviews, 90, 223-247.

Weiland, P. (2010). Biogas production: current state and perspectives. Applied microbiology and
biotechnology, 85(4), 849-860.

Xue, S., Wang, Y., Lyu, X., Zhao, N., Song, J., Wang, X., & Yang, G. (2020). Interactive effects
of carbohydrate, lipid, protein composition and carbon/nitrogen ratio on biogas
production of different food wastes. Bioresource Technology, 312, 123566.

Yang, Y., Zhang, Y., Li, Z., Zhao, Z., Quan, X., & Zhao, Z. (2017). Adding granular activated
carbon into anaerobic sludge digestion to promote methane production and sludge
decomposition. Journal of Cleaner-Production, 149, 1101-1108.

Zainab, A., Meraj, S., & Liaquat, R. (2020a). Study on natural organic materials as biofilm carriers
for the optimization of anaerobic digestion. Waste and biomass valorization, 11(6),
2521-2531.

Zainab, A., Meraj, S., & Liaquat, R. (2020b). Study on natural organic materials as biofilm carriers
for the optimization of anaerobic digestion. Waste and biomass valorization, 11,2521-
2531.

Zhang, D., Li, W., Hou, C., Shen, J., Jiang, X., Sun, X., ... Liu, X. (2017). Aerobic granulation
accelerated by biochar for the  treatment of refractory wastewater. Chemical
Engineering Journal, 314, 88-97.

Zhang, D., Shen, J., Shi, H., Su, G., Jiang, X., Li, J., . . . Wang, L. (2019). Substantially enhanced
anaerobic reduction of nitrobenzene by biochar stabilized sulfide-modified nanoscale
zero-valent iron: Process and mechanisms. Environment international, 131, 105020.

Zhang, J., Zhao, W., Zhang, H., Wang, Z., Fan, C., & Zang, L. (2018). Recent achievements in
enhancing anaerobic digestion with carbon-based functional materials. Bioresource
Technology, 266, 555-567.

Zhang, L., Ban, Q., Li, J., & Wan, C. (2019). Functional bacterial and archaeal dynamics dictated
by pH stress during sugar refinery wastewater in a UASB. Bioresource Technology,

288, 121464.



132

Zhang, Z. P., Show, K. Y., Tay, J. H., Liang, D. T., Lee, D. J., & Jiang, W. J. (2007). Rapid
formation of hydrogen-producing granules in an anaerobic continuous stirred tank

reactor induced by acid incubation. Biotechnology and bioengineering, 96(6), 1040-

1050.




d’ = v A 4
¥o — HiNana wnanlan wuouns

(% A Y a
MW ieuthiia 24 NINYIAN 2535

£

133

QU

1523

3)
eRe
gb
eﬁ

d' | Y d' ] o 9 o [ (% =
ﬂﬂgﬂﬁ]ﬂqﬂu VIUQUN 9 W1 AUAVIFEIN UNO INFIT N WHINTIYLYI

svalisualg 70120

A sopeel 1 lamp@gmail.com

sz iamsanmn

WA, 2561 —1agju

W.f1. 2558

W.F. 2554

= 4‘ Yo
ﬂuﬂfjﬂﬂieﬂﬂ!ﬂﬂulﬂ‘ﬁj

N.F. 2562

N.f. 2560

nangas Usrangufiuge

NI WEIUIAZ FIIAdBUITY

A UMIANE WMANGIAT1 0T v
HANGAT IAINIFUAITATUMIL DN
#1179 IAINTIUHANIUNAUNY
aaniumsany ynImeaoud 19
Hangas INGINaAs g

AP NARNUNALUNY

Ao uMIANEY N¥aIneIaea 18

-] Y] a A 4

Tnsamanuaniviaiainemaasiazma lulay
9 o Y] a P4
Tne (TGIST) a1UNNTUWAUIINYIAITATUAY

A Tulagurana (@Iny.)

= Y

TasamsaiuayunuIToUNinANEITzAUgANANYI

Q

Flevalszana 2560



134

Nﬁﬂ]uﬂ]ﬁﬁ]‘i—ﬁ‘lﬂﬂ1i

1. matnauenulseganms luszaumna

Pan-in, S., Sawatdeenarunat, C., Pramokchon, P., and Sintuya, H. (2018). Effect of Endo-nutrients
on Bio-hydrogen Production from Banana by Microbial Consortium in Bioreactor
effluent. The 11" Thailand Renewable Energy for Community Conference (TREC-

11), Chaiyaphum, Thailand, November 28-30, pp. 35.

2. myuaueulszyInIMs lusgauuuma

Pan-in, S., Kangwansupamonkon, W., Boonpavanitchakul, K., Sawatdeenarunat, C., and Sintuya,
H. (2021) . Preparation of charcoal adsorbent from elephant manure for the
enhancement of methane production by anaerobic digestion. The 21 International
Union of Materials Research Societies — International Conference in Asia (ITUMRS-
ICA2020), Chaing Mai, Thailand, February 23-26.

Pan-in, S., & Sukasem, N. (2017). Methane production potential from anaerobic co-digestions of

different animal dungs and sweet corn residuals. Energy Procedia, 138, 943-948.

3. NIAIMIINMI TUTZAVUNNIA

Panin, S., Setthapun, W., Sinsuw, A. A. E., Sintuya, H., & Chu, C.-Y. (2020). Biohydrogen and
biogas production from mashed and powdered vegetable residues by an enriched
microflora in dark fermentation. International Journal of Hydrogen Energy, 46(27),
14073-14082.

Chaisombat, P., Pan-in, S., Setthapun, W, and Sintuya, H. (2018). Renewable energy potential
assessment of Mae-Tha Sub-district, Chiang Mai, Thailand. Conference on Green
Technology Engineering and Application (GTEA), Taichung, Taiwan, May 25, pp.
Iv2-1-4.



	ปก 
	บทคัดย่อ 
	กิตติกรรมประกาศ 
	สารบัญ 
	บทที่ 1 บทนำ  
	บทที่ 2 การทบทวนวรรณกรรมที่เกี่ยวข้อง  
	บทที่ 3 วิธีดำเนินการวิจัย  
	บทที่ 4 ผลการวิเคราะห์ข้อมูล    
	บทที่ 5 สรุป อภิปรายผล และข้อเสนอแนะ  
	บรรณานุกรม 
	ประวัติผู้วิจัย



