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Thesis Title Biogas production from rubber leaves by co-digestion with pig

manure for household-scale

Author Mr. Chitchanoke Kongdang
Major Program Chemical Engineering
Academic Year 2011

ABSTRACT

In the present, increasing in energy demand and the issues about rapid depletion
non-renewable energy resources as well as their environmental shortcomings led researchers to
investigate alternative energy sources during the last two decades. Biogas technology has been
known for a long time, but in recent years the interesting in it has been significantly increased,
especially due to the higher cost of living and low cost fulfill of biomass. This research interested
in increasing biogas production potential from co-digestion between pig manure and rubber
leaves was evaluated in laboratory study by batch tests under room temperature at different
proportions of pig manure and rubber leaves, size of rubber leaves in feedstock and feedstock
proportions of pig manure and rubber leaves were 8-20% of Total Solid (TS). The research
findings revealed that the optimum total solid for biogas production is 12%. The optimum
fraction of pig manure and rubber leaves for biogas production is 50:50 and the optimum size of
rubber leaves for biogas production is small particle size. In the subsequent experiment,
laboratory scale co-digester were studied by semi-continuously testing under room temperature at
different proportions of feed of pig manure and rubber leaves, organic loading rate (amount of
feed), proportions of initial feedstock of pig manure and rubber leaves, total solid of feed and
control total solid of feedstock at 12%. The result was found that the experimental set which
provided the highest biogas production with organic loading rate of 2.56 kg COD/mB/D, hydraulic
retention time of 20 days, proportions of feed of pig manure and rubber leaves of 75:25,
proportions of initial feedstock of pig manure and rubber leaves of 50:50, total solid of feed of

12%, methane yield 1.89 L/g TS total solid removal 45.50% and COD removal 26.36%.

removed?

The result of the experiment of co-digestion between pig manure and rubber leaves in 200 liters

container in pilot household scale by semi-continuous tests to find out the efficiency of

(5



biogas production. The results showed that the amount of biogas was 10,043 liters, (112 L/Day),

methane yield 13.53 L/g TS total solid removal 51% and COD removal 44.57%. Biogas

removed?
production of pilot household scale is consistent with biogas production. Results from this study
suggest that pig manure and rubber leaves are potential substrates for anaerobic co-digestion for

the production of biogas and could provide additional benefits to agriculturist n southern

Thailand.
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AAiou °C : 15.5 °C 1ag 760 mm 38,130.71 KJ/m’
ANWABIMIOIMAT IS UM I Trgd 0.27 m’
anwawnsolumsaalu 5-15 % Tagf3uas
993199AMY 130
g lugd 650°C
aumsmaen lugd CH, +20, —» CO,+2H,0
sa31dan 0/CH, Tumawn nfffauysol 3.98 Tagihimin
sasdan 0/CH, Tumawnludfeuysel 2.00 Tag1f5u1a3
sasdau coy/cH, lumawn Tvdfauysel 274 Tawthmin
sasdau coy/cH, Tumswn lnsdfeysel 1.00 Tar3u1as

111 : Diaz, 1993
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2.2 msgesaaamsounsgmelianiaz]3erma (Anaerobic Digestion)

a o = I Aaan A a é’ 9 a
ﬂi%‘U’JuﬂWiWﬁﬂﬂW“ﬁ‘B’Jﬂ1WL‘IJ‘H‘iJ;]ﬂ'D'EJW]Lﬂﬂ‘lluﬁluﬁﬂ1’3$lli®1ﬂ1ﬁlﬂﬂ‘ﬂ1ﬂﬂﬁ
Y] a S A a A J Y 4 o = ]
Winesounsd Taeharsounsd laun a1ilulaasa lviiu wazlilsiu wgndesaaislag
A A a A A a A J I a [ 4 Y = [44 ~ %)
u,uﬂmiEmam%um‘wanJasJumsauma”lﬂ;ﬂuwammmqﬂma A0 NIKUINULAS DY
¢ s 2 o ¥ a g ¢ o @ A
msuau”lﬂaaﬂllw FINFNIFOIBHAYU0IAYTENDUHANVBINFTININ NTZUIUNITNI

a 9

o 1 a 4 { a
I merdmsumsdesaatsarsounsonieldaning 1¥emalunsulasuglarssunid’lal

o—

I (9 = Y o a ~ I o ] [ 19 ¥
Tuma®anin !,Lﬁﬂﬂllﬂﬂﬂﬁllﬂ1§ (1) ﬁTiﬂuﬂiﬂiu'Jﬁﬂﬁﬂﬂﬁ]%Qﬂﬂ@ﬂﬁaTﬂﬂTﬂTNLaf]avlﬁﬂfl‘ﬁ

A < A a @ K
umimimaqamﬂamaaq UAZUATNNAIAININUU

ca

anaerobic digestion

Organic matter » CH,+CO,+H,+NH, + HS (1)

aan 1 a " 1
YRN8 UANVINTEVIUNTIOIAAAITOUNTE IAgDANT oA INITONULN
v
& 4 YumoU (John Wiley and Sons, 1994) fie N3 lalas lada (Hydrolysis) M1502E laliuda
(Acidogenesis) ARG fo! (Acitogenesis) HarMIadaiimu (Methanogenesis) AR

lummlsegnoun 2-1



—{ Lipids Complex organic | | Compounds || Nucleic acids

polysacchandes profeins

Hydrolysis

v h J

Long chain || Simple organic Compounds | [ Purmesand || Simple

fatty acids oligo and amino acids | | Pyrmudioes || aromatics
monosacchanides
Acidogenesis

S 4 Y
Other fermentation products Methanogenic substrates

(e.z. propionate, butyrate, (H,, CO,, formate, methanal
succinate, lactate, ethanol etc.) methylamines, acetate)

Acetogenesis
h J

Acetate, H,, CO,

Methanogenesis v

Methane+Carbondioxide

~ [l a a o Y 9
AYsznoun 2-1 ﬂ5$UQUﬂ1ﬁﬂ@ﬂﬁQTﬂﬁ15@u1{]38ﬂ181@ﬁﬂ13313@1ﬂ1ﬁ

111 : Holland et al. (1987)
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1. nszvaumsislaslada (Hydrolysis)

v
= 1 =1

Y
1 4
NTZUIUMSHITENDNDE19HHII NTLUIUNTUANTAIONODLNDS (Polymer

I A

Break-Down) M3gosaaleasounsdni Inseai1audou (Complex Organic Compound) 14

A Jd a ~

I~ a d‘ d‘ @ (= o a A o 1 [l aS A
ﬂﬂ”IEJL']JLlfﬂi@Ll‘V]58&%\1!&]8’31@EJ‘VIENI'IJJEJﬂ13ﬂﬂﬂ1u3uﬁ”li’f)u1/liﬂllﬁﬂﬂ1\ﬂﬂ HUANLIY

Az

v v
et lutuneuiliilunin Hydrolytic Bacteria (L1 Fermentative Bacteria Wﬁﬂlﬂﬁﬂgﬂiﬂ”ﬁ]%
a . { (Y] %‘ ] [
laasisznoudunsdnd Inssad e Tuana lidudounazazarennir 1@ wu msdesaaiouils
g 4 ' ¥ < 3
Fuiluaslsznovdszinnms Tulawmsaldoglugdvesihmaluanadnasfioiiaiang Ina
msdesdatssauldegluglvesnsaeziilu wazmsgesaarsluiuldedluziluensa
@ I @ { a S [
Tvaiiu Wudu dwaadluaunsn 2)-@) lasarssunsdnii lwanavuialng luaeunsnag
I . o 90‘ 4 ¥ 4 4
iiumwan Simple Soluble Compound vzgniildazatetimazinaoudrod li luiiowe luaad
1 =2 q /A o ' s aa o
ao llaaldeu lainduoenuigneuenaad (Extra Cellular Enzyme) ¥03uuaiizes1nan
. . a = S A v % li' d’! L% )
Hydrolytic Bacteria ¥Hauazi/suavesnanizeludiminazulasuuilasyuednvyiianag

a J ] a d
Pnaveswnnududuasounsduazanmnadoumeluszuy sy pH nazgungil iudu

Carbohydrate —— Simple sugar + Alcohol )
Proteins —— > Peptide + Amino acid 3)
Fats —— > Glycerol + Fatty acid 4)

2. NITUIUMIBTTIAIUTE (Acidogenesis)
Y dy I ] a A A A a A Y
Tuduaoutiaziflunisdosaaroarsounidni luanatdedn ldain
a A A Y . . . = 1 d‘
nszuums lalas lagd Tasazgnuuniiienind319n5a (Acidogenic Bacteria) ATUH 110
9 g Y 1 4 Y I 1 4 ] o @
Huwaaigesaa  uazldiduuvainisuouuazunaanasaulagnszuiunsniln
. Aaan Aa ] a Ada A Y I a A J
(Fermentation) Ha¥pd1n3envzinamsdesaalsarsounidmunelinateilunsadunsd
1 { 4 [ ] Aaa
52110419 (Volatile Fatty Acid) Wi Turanamsveuliinu 5 ozaousy ninozdan (Acetic
. Ia . . a a .. . a an .
Acid) n5aN 03 TR (Formic Acid) n5A 115 193iA (Propionic Acid) n3alo TwiiaNi3a (Isobutyric
acid) N3AAD3A (Valeric Acid) n3a lo I 1ae3A (Isovaleric Acid) 11aznsALINTA (Butyric
RN o { . o s W
Acid) Wudu daaasluaunsi (5)-(7) (Banerjee, et al. 1998) wannidlaueanagod noy

lalasou wazmaasvou lavon laaonaie
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Monosaccharide — Butyric Acid, Acetic Acids, Propionic Acid, Ethanol, CO,, H, (5)
Amino Acids ——— Acetic Acid, CO,, NH, (El"e) g0 1ae Stickland — Reaction)  (6)

Fatty Acids — Propionic Acid, Acetic Acid, H, @)

3. ozBAIuda (Acetogenesis)
a a I ~ o a D d a <
prdlatnudaiiunszuaunisiiinsadunigyialuanatanain
a A Aa 4 1 A Y I a
ATLUIUMIOLT lauaaniUsnamsueuninn 2 sxasn vulasulinarsiluezFian
P ) 5 P P
(Acetate) Wostun (Formate) M lalasiau wazmaarsuoulaoen laa suiluaisdsznou
0 w Yy @ 9 . 7 K ooz ¥ Ao o
draglumsasamatimy Tagld Acetogenic Bacteria Yuaoutinodniluiunoundidnylu
= = a S a ~ ~ o g’;
MInanIaeINsdzanveInsaounsdszivenas lslasnululSuaigane ez duds
9 (%) = @ 1 1 3 a A A [
nIzUAUMSEIMaTiny dednszuiumsgosaatong laa hhilunsadunsdsiianies

(Thiele, 1991) LAAIAITNNIT (8)-(10)

CH,,O,+2H,0 —»2CH,COOH + 2CO, + 4H, (8)
(Acetic Acid)

C.H,,O,+2H, ————»2CH,CH,COOH + 2H,0 )
(Propionic Acid)

2CH,,0, ——»2CH,CH, CH,COOH +4CO, + 4H, (10)
(Butyric Acid)

o ] ana { a J s a X 3
meglfnsenlunmsnldounsaduniduazuoansseaninaiu liiflunsaes

Fanuazla1a3191 (Gourdon, 1989) taadldasanmsaslail (11)-(13)

CH,CH,OH + H,0 ——» CH,COOH + 2H, (11)
(Ethanol) (Acetic Acid)
CH,CH,COOH + 2H,0 — % CH,COOH + 3H, + CO, (12)
(Propionic Acid) (Acetic Acid)
CH,CH, CH,COOH +2H0 = ———— 2CH,COOH + 2H, (13)

(Butyric Acid) (Acetic Acid)
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4. AmluauBa (Methanogenesis)
a a oz & ) d Yy o~ A
imTunusaiuruaougameluruaoumsaimalimunnniaezdan
o o o s s a a a
asaresun malelasiou wazmearsueulasen luaninannszuiumsez s lnuda

o 1 { I 0
Tagazgnuuaiisenana31amadimu (Methanogenic Bacteria) doaaratsuanilasuliiilunas

'
A o w

' < o Y 1 A 1 o 4 o
AN C]5\‘]'ﬂ”IG]ﬂ/]E"(”I?‘I’[IUUllﬂll,'ﬂ NIFHINU uaznwmimu"lﬂaaﬂ“l%ﬂ ﬂizmmﬁaﬂummmmm
Y

=) A a 49@} Y 9 a aan Y an I 24 =
VNUNDATUNIHUANININT 1FDLFIAN ﬂgﬂiEJ”Iﬂ”ISLLG]ﬂﬁ’JsUi’Nﬂiﬂi’]ﬁ’.ﬁ“b’@]ﬂ]lﬂlﬂuﬂ”lcﬁumu

A v o O

o P 7 Y (aaa P P2 o
uagmansuou lasen leasiunalgnsetiansumaniivou laoon loa Tasnia laTasiou

Taidlumasiiny (Albagnac, 1990) LaARaauns (14)-(15)

CH,COOH — > CH, + Co, (14)
Acetic Acid Methane Carbon Dioxide

co, + 44, — > CH, + 2H,0 (15)
Carbon Dioxide Hydrogen Methane Water

a [ J (4] [%)]
TuAsZUIUNITHAANIFFININYDIAUTLNBUVBINIFUINULAZ NS

¢ ’ g o s o Z
f’ﬂiﬂf’]u"lﬂﬂﬂﬂqcﬁﬂtﬂuﬁﬂﬂﬂif.ﬁ?JTﬂ!%}@ﬂﬂ3 75-80 GLuﬂQﬂﬂi%ﬂ@U‘U@Qﬂ”IGBVNWlJﬂ 5)1%)

RY

a g‘/ Y g g‘/

J @ Y o a v 9 ~ 3 ¢V 3
@\‘]ﬂﬂigﬂﬂﬂﬂl@qjﬁq@]ﬂﬁqwul!ﬁziﬁﬂﬂq@I’U@I\Wluﬂﬂlﬂﬁﬁlullﬂlﬂuﬂ'l“]fﬂ\iﬁllﬂ aTNMaa

U

9 [ (%)

' 4 o a A4 Y
yia (Mass Balance) sz:mnmmJ53ﬂ'e)wummqﬂmsmunuﬂwﬁmuuazﬂw

v '
I a a a

Y
asveulaoenlyangnuandu nszuaumskaanalimuniniagauisudunaansaunis

Q

(16) (Buswell et al, 1952)

C,H.0, + (n - a/4 - b/2)H,0—— (n/2 + a/8 - b/4)CH, + (n/2 - a/8 + b/4)CO, (16)

a A A A I ) = g a o =
miau‘nssmaﬂnJa8u"lﬂtﬂuﬂ1mugwu1umu@auﬂwswa@mwmumﬂ

U

a A o ] I ? T @ A
T5oUNIITINIToLUIeonNTlY 4 ﬂluﬁ@uﬁlﬁiyﬂ aamnilsznaun 2-2



a A ]
asounso Tuanalvy
@35 Ty laasa, Tusau, lutu)

76 %

Hydrolysis

a ad 3
ﬁ’]i@u?’liﬂiumf}a!aﬂ

4%

(ngTad, nyaezii Ty, nsaluiiu, ndiwesen) 20%

Acidogenesis

a ad
NIABUNTY
an Ia a a A aa a
(hsApzdan, nsanesin, nialnsi laiin, niale TudiNnsn, nsarnasia,

nsaloTegmesa, nsaINsa )

24 % 52 %
Acetogenesis

MalaTasiou

NIADLHFAN

(7] o I'4
nazMaasueu lasen loa

28% 72%

Methanogenesis

o A o 7 %
ﬂwumuuazﬂwmwau"lﬂaaﬂ"lcm

~ g’z Y a A oA = I 9] =\
nmilszneud 2-2 Tuaeunazdosazvesdrsounsdngnulasu lilumaiimulu

ﬂS%‘].I’J‘LlﬂﬁEJ'@EJfTﬂ"IEJLL‘LI‘LI]l%)B1ﬂ"Iﬁ

N11: 3999, 2546
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2.3 maluladinis+ainsIx (Co-Digestion)

o 1 I o 1 o 1 Y a
N1IHUNITIY (Co-Digestion) L']J‘L!ﬂigU?uﬂTSWNﬂﬁ?ﬂﬂuﬁgﬁﬂl%iﬁ@ﬂ?@]flﬂﬂ

A 1 @ 9 = 5 a ~ a A o o Y
NIDUINNIN ﬂi%‘]_l’Juﬂﬁ‘Villﬂmﬂj15@1ﬂ1ﬂ1u@ﬂ@1%$‘1%3§]€;ﬂﬂm8ﬂ%uﬂlﬂ831uﬂ1§ﬁuﬂ ‘VIﬂ‘Vi

[ a a

1dwa'laveslimuiion (Parawira e al, 2004) TutlagiiuldimsiringAunateriauivain

Q

[ @ J

4 9
sanu nanuiugudmiumsieniagauiuszdesilszneu lUdreTagaundanuaz

o a [ 1

a (] o J
AUION 'J@Iﬂﬂﬂﬁﬁﬂﬁ’)uiﬁiylﬂuv\nﬂy‘ﬁﬁﬂﬂﬁgﬂfnﬂ@l%ﬂ@u (Manure, Sewage Sludge) (18

Q

EQ

Y a 3 Ay = 4 Y =
agavseuduwinniauleluilsunangs wesnmdulessiasdseneuninag laa Tu
= A U Y a o = A dsl . 1 o [ Y
Puatundwaldmsfanastimuiuiu (Hong 1az David, 2007) uadiwiululdui
a 1 ~ o v A =\ 3 a v W Y !
Az Biuigduezhmwndniu ieswnndanuiuny ludiues 1dun Ty
Calotropts 41615 Cardiotomic (Sharma et al, 1999) Iagmsminsmteliinannuauga
1 1w 1 4 1 ' A ' 2 '
FENINADATIEIUMS UoUAD U TATI9U (C/N Ratio) HAZFIOMUAT C/N Ratio 1Hg9Un I
9 f
mMsminaeingAuiiessiiafed Taea1 C/N Ratio Hdutielddsgimanlaeululasou
' a < v 3 v o P a o o ' {
drunu lddunenTudleswilumdugimsmamadinin Taena'lda1 C/N Ratio Mg du
) [ a o o (BN @ 1
dmSumswaanaiinmlunszuumsminuuy 1§eniaegeas 8-23 maniinisuuenain

] A 9 = W A v A Y A Y o w @ ~
G]f”JfJLWEJWﬂ"lﬂGIJ@\TNW]uGLUﬂ”I“BGH'Jﬂ1W fNiJ"IJi’]ﬂL!ﬂ%ﬂl@ﬁ]”lﬂﬂll”Nﬂigﬂ”lil!ﬁﬂ\?ﬂ\?@]”li%ﬁ/] 2-5

M3197 2-5 uﬁmeﬁ'aauax%’aﬁi’ﬁﬂmmmswﬁﬂimﬁm%’umswﬁmﬁ”w%mw

s

Y A Y o
von UVOIINA

[ o I A 1 { 1
® yliulannuangavesansonnsly | @ Wumsiiuar coD Nilaeseen

o I A a
MIMININ o JumaiunszUIUMIHGn
1 o a a 5 2 LY 4 $ {
o eliingaunannudiig ® yuognuiunuazlSmavestnanly

[

] A ) 3 H
o FramiufTInamedinn ® Yuognusimvesdranly
® gaam lgvelumsiiaveude
Y

o goinSunudlenld

o Fumsihdmnamnldliinalse Towl

e http://home.eng.iastate.edu/~tge/ce421-521/wei.pdf




16
2.4 152aNENNVDITZUUNAAN B ININ

o o 1 Aa ~ o Y 9 k4
ﬁﬁ’iiﬂi%ﬂllﬂ”liEJi’JfJﬁa”IEJfTTii’J‘L!‘V]58ﬂ181§]ﬁﬂ13315@1ﬂ1ﬁ ﬂi%ﬂﬂﬂ@]?ﬂﬂ”ﬁ
o a A 1 @ A A 9 o Y == ~ [ ] ~
NNTUUDILUANLTY 2 naunana V]LﬂEJ”JelJi’NﬂLl]lmLﬂ LL‘].I?I‘V]L':TEJ‘W”JﬂTIllllﬁiﬁﬂV]ﬁJW]u (Non
. . =2 A A g oY = . . = =
Methanogenic Bacteria) HaZUUANLTIWINNT I WNNIFUNUY (Methanogenic Bacteria) 5IHINY

d’ dal S A ] 1 1 a a o g‘)
maasunlasuulunuanisengule deuainansenuaedseansnIumsMOUNITZUY

Q

[ g‘/ Y = 1

A ' o A A =g AA v A Y <
AU A1ZINAADUNMINZ AN TIHAADMTTNINULLANG S FuduasssHinozy ¥l
=< a A a o = A = ) A a dy A = v =
D95z @NTMuIags YT VUNAAMEFININ Ao YTamesiinavuilomeunulinigs
[ @ [ g‘/ d’d a A a (4] 9 1 d‘d a a :;
oIt anIn Ay szuunldszaninmgeaznaanis lduinniszouniidszdnsane
o @ [ @ 1 v A A o é Y A Aa A 9 dsl 9
dsuduminuuaming Wiednienidansomulszansnmvesszouldgaiula
11308 U1IAVONNIHNN 1A FergFroaadunumsnanasld dszaniamuesszuunan
o A 2 "o s Y o oA s y A Y
MIINIMIzIUBYNUBIAYIENeY 2 1szMmIalenu Ao eerlszneuNIIAIUTUIAADY
. 0' o v % .
(Environmental Parameter) HaEIAlILNOUNIIAIUNITHINUVBIDINID (Operational

Parameter) Ad1taad 1311a15199 2-6 (Grady er al, 1999)

A J A ' a A o 9
719190 2-6 @Qﬂﬂigﬂf]‘U‘V]1!Wﬁﬁ@ﬂi$ﬁﬂ‘ﬁﬂWWﬂJfJ\‘lﬂWiﬁNﬂﬁluﬁﬂTJ%uli’fﬂfﬂﬁ

Environmental Parameters Operational Parameters
1. pH 1. Raw Materials
2. Alkalinity 2. Physical State of Organic Substance
3. Volatile Acid concentration 3. Mode of Operation
4. Temperature 4. Organic Loading
5. Nutrient Availability 5. Hydraulic Retention Time
6. Toxic Substances 6. Solid Retention Time
7. Mixing
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¢ a .
2.4.1 2andszneumuaunAdN (Environmental Parameter)
d
1 ansilunsanis (pH) auiluaa (Alkalinity) tag nsAdUNIETIHENE
(Volatile fatty Acid or VFA)
@ dyd o v o ] < Y o 1 a o =
Jeaselilianudunusnulasaseedruiiv ldasanescuumsnannisdanin
¥ 1 o W J I ] o o 1 a L 1
Tagnse ¥ pH Ndwdwaeeszuulusgrundmsumsdesdatoarsounso lugngn 1y
ometaz 1391na na1nde mslasuuilasves pH vzasnalaensanual Alkalinity Loz
1 ] Y
VFA 118a19849 pH anadd5uaved Alkalinity 92anasniulddie aau VEA sglinniivau
] Y ] Y
Tunenduiudimves pH vty USinaves Alkalinity 1HnUULaE VFA dziid1anad
A A Yy 9 A k1 g 7 <
ioaunanieanuuiuues VFA melussuuimugeiu anuiuaisluamivenanszgn
o o I @ 4 g I o
el mshaeanuamnsa lumadlnivulesiiiluaunarild pH anag
L. = I [ 1 a A J 9
Alkalinity #ane09 anutuanlussuumsdesaaroaisounsanmalagniig
9 1 1 1 14 ] = %‘ A [
Isomamiulugedluzilumsvea dsendsanuaunsovesimseveurarlunssy
{ a o Aaan @ 1 @ 14 4
Tisaou (Proton) MAAwIINMsTNIAsoAUsZHNwen Tullsnuamuon laoon leauaz
¥ I 1 2 3 o 1 A= o J . . Axq ¥ A
11 anutluatiaztua1a¥sn i Wines (Buffering Capacity) 19 111052 UVNIZAIUANPH
Teglusniimingaunumsigueuaiite Aeanuaiwisalumsaumumslaoun
= o W 1 v v A I = I 1 =
pH) Tanudidgunaemsniniggnianuiunsage szuuianuiuannganaaidg
ANwamnIasneIA1 pH vosszuuldasdieg lduulumamswasunlasuesa pH 1ddwe
A a A 2 a Y Y 3 '
Welmsmuvuveslsuansaluszuuanuaivsalums Snuszauanuiunia-an
@ = [ e A a o a =
Tagn lszuuaslianimaresnanualszuna 1,000 — 1,500 dadnsu/aas luglunaidon
4
A1TVUDLUAN (Metcalf and Eddy, 2004)
@ I 1 o
mstSvammanuiluaiaild 333 Ae
a = 1 = 4
1. maduansall iy Yuu Taden lumsvemn
Yo o 1 v o v A Aa I J
2. My liaguinswnuiaguinouni lulaswuiluesdsznougs
o 1t A g A o @ YA
3. mshawntumsazaiennaznounesnanszuurinnauu lgon

A J

Volatile Fatty Acid ¥11899 msnasounsgaes wu 1sau Tviiy uaz
4 AAa A 1 . I a A J <}
milulawsa gauuafiizeNizondn Acid Formers uendateidunsadounss Tuanaiane
A A4 o Yy S Aa a a . . . Y =X A A

vanee sanddy laun nsnezdan nsalwsieotln (Propionic Acid) HAI19gNUUATITY
] I Y = Y 4 o 3 1 1

WIN Methane Formers gosaatgnatoiilumatimunazmasaiveu lason leailudiulng
a dg! ] ?x‘a a 9 1 Aa 9 =
navunmMsdesaarsludunesunislalas lagauazmsaiiensa nsdesaarsnavrdoall

1 [l @ a < 1w {
ANUTAUAAVUDINTATSINY ﬂa”I’Jﬁ@ ﬁ)@\‘lﬂ’JiJﬂﬂlluiﬁ)ﬂﬁi”lﬂ”lil,ﬂﬂﬂiﬂi%tﬁﬂﬁ?ﬂ]"@ﬁiTﬁQﬂ
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~ 3 4] =\ A Y = A Y v FIR)) A dy a dal
Lﬂaau"lﬂtﬂumwmu o ‘ﬂzﬁfNiJﬂiﬂigmﬁlma@ﬂﬁﬂgﬁlﬁ’mulﬂuﬂﬁl INIIZIUBDNTAUINAVU

[

= 3 2 v A o ?,‘, o = a A J =K A o
mngmﬂaau'lﬂtﬂuﬂwwuﬂ @NuuﬂTﬁ’Jﬂ‘iJ311Tﬂ!ﬂ3@9ucﬂiﬁligLﬁﬁl‘ﬂﬂuﬂ’]1hﬁ1ﬂiﬂﬁluﬂ15

o

o % [] a o @
@Ii?‘ﬂﬁ’t)‘ﬂﬁﬂ1°L!$ﬂ'3J@Jﬁﬂl@ii%UUﬁTﬁiUigﬂﬂﬂﬁﬂ@&lﬂﬁmﬂﬁ@u‘lﬁﬁﬂuﬁﬂTﬁ1%@1ﬂ1ﬁ3$ﬂ‘ﬂ

I= Al a

VOINIABLFAANTAUNY 800 NAANTUADANT HIVOATIAIUVBINTA TNTN 101ANDNTADLTAR
DU 1.4 9291 Jiszuumnamsanmad 1 (Marchaim and Krause, 1993) itaziijodSuias Volatile
Acid gl naasnszuu@sanga Tasinddsa Volatile Acid Tugansinaasii i
MY 4,000 Hadnsu/ans sTUUNUAAAITHAIANMITUTUYDY Volatile Acid 13tAu 2000
A a o A 19 Yy 9 A dg! = A a o A I a I a 49! 9

Haansu/ans LABIANUITUTIINDIUD 8000-10000 Haansu/ans ninaltluisIu 1d lagas

[ axy Ya a A J 1 o - a 1 1 = 4
NUISUY ’J‘ﬁﬂﬁLLﬂWBGUBQﬂSﬂ@u‘ﬂSEﬁ%mﬂﬂ181/]11@]1@]8?115&@111@]1\1 YU T«Bmau"lumsuamm

@ a

(NaHCO,) rinszezna1lumsminiagay wielinmsnyuideu (Circulate) voudonaudnn

Q

luszuu

Weenna pH Tanudingaenisiinuvesnuniite Fgdinanonis
o 4 a ~ [ 1% [ a A J 9 9
hauveson lmitazmsnsyinananu i ssuumsgesanmeasounsonieldaniig 13

pimandessnu Iiegluseimnzanszunim 6575 (Archer and Kirsop, 1991) &3

ﬂlddll

IS=1 U d' 9 a 3 1 ISu=1
Llﬂﬂﬂliﬂﬁluﬂﬁj‘u‘ﬂﬂﬂiﬂiﬂﬂ$ﬁ1h1iﬂlﬂimullﬂﬂﬂ“lfﬂi pH Mmiszann 4.0-6.0 TauuANSY

Y A =

9 (4] = a ~ = (B A
’c’fiNﬂMﬂJL“VIWﬂ%Li]iﬂJullﬂﬂﬂ‘lf’N pH wqqmmmﬂﬁzmm 6.5-7.5 UABWNNUANUH NI TUNT A
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(Gerardi, 2003)

Temperature (°C) Methane Production
35 Optimum
32-34 Minimum
21-31 Little, digester going “sour”
<21 Nil, digester is “sour”

q’ [ Qd‘ a o = [ a 4 .
M1319N 2-8 “B’NGIJ?NQﬂl‘l’i{]ﬂ%tﬁﬂ”l%ﬁ?ﬂﬂﬂﬁWﬂ@]ﬂ"IGHGIf’Jﬂ1WGL°L!E]\T]JQﬂ5m (Gerardi, 2003)

Feature Mesophillic Digester Thermophillic Digester
Loading rates Lower Higher
Destruction of pathogens Lower Higher
Sensitivity to toxicants Lower Higher
Operational costs Lower Higher
Temperature control Less Difficult More Difficult
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QUNYIF (Gerardi, 2003)

Bacteria Group Temperature Range (°C)
Psychrophiles 5-25
Mesophiles 30-35
Thermophiles 50-60
Hyperthermophiles >65
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1 : McCarty (1964)
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Property Shred No Shred
Particle Size (mm’) 2.81x2.81 50x40
Biogas Production (L) 117 29.76

a

4.3.4 HAVRINMIHNNTINADMINMIAVINTINIHNATH InaAY

Q
o w I~ g‘/ 1% a i 1
MINMIAVDIANNIHUAVDIINYAUNHIUMTTosTaI1sIUNINAADITZ VLD
4 1 Aa A 1 == a o = 9
HUNY @50 UIUeNUsLANTAINNITERsaa18U0 VAN IUMITNAAN BB ININAIYTSUL
@ 1 1 [} 9 < a a A 1
msninsausznInyagninulueanisld Taena lusssuandvesnuniiGevzdoadais
a A A Y 1 (% 3‘; [] a A A [ 9
A150UNTINGDEAA1Y IAd18NDU HAIDINUUILHOHAITDOUNTINGDILINAI I1ANTNABDI 19
o = = a A o w <3 g‘/ (% a A Y o [
mnsanyulseuneulscansanlunisminveswdanivualuiagduisuay d11usums
a o { (% 1 1 { 1 [ %’ o
HAANEFININNNORI1EIUTENIN DI Az agnINUAnA 1N Tagaluguiimiinyeg

@ 2 Y g’/

agAuGENAUN T RIINUA TS 16% udasaennisznouh 4-4

100

00}
o

o)}
o

TSRemoval (%)
8 38

o

100:0 (R5) 25:75 (R7) 50:50 (R3) 75:25 (R6)
Reactor

1 a a o w 2 2 o a 1
Mwilsenaun 4-4 Ussansammsmsnvewdainivualuingauszrinayagns
1azUgIININEATNAIUNANAIE) ADATHAANBFINWUVUNIATIY

ﬁaﬂizummmmwﬁﬁ TS 16%



< 1 a A o w < ¥ 2 K
‘Nﬂﬂﬁﬂﬁﬂﬂﬁ@\i“ﬂzlﬂuVlﬁj’ﬂﬂigﬁ“lfl‘ﬁﬂWWﬂTﬁﬂ1‘ﬂﬂﬂl@illﬂlﬂﬂﬂﬁuﬂﬁu@ﬂﬂﬂ

U
9

=Y o [ ] 1 Aa A o w <3 9
Psuasasdinvesyagninuluerasnist nanae Usz@nsamnsmiaveadaninun g
o @ 1% 1 [ a { <3 o
wlsiuasanuaasainvedluganisludngdu lunisnaaesei RS iHlunswinyagniies
[] =1 =\ a A o w <3 3‘/ d' 1 d' =
981AgINY T ANTNINMTAMIAVDIUVININUAGINGA (84.44%) AIUNINAADIN R6 U
o 1 o a ~ A =\ Y Aa A o w <3
oasaulugamnsluiagaufSmnaganga e 75% Unalniszansammsminveanaa
9 ' H 1
NIMNAMNGA (64.14%) durqiilonanuuaiiizeszgesaarslueranis ldenniyagnns
A I = = Y 1 a a
e lugawmsudiuiadalsenevale luanavualvgvesaniiu tsag lad nay
= . o @ ~ ~ 9 o w < ¥
TUsAu (Thiago, 2007) d11i5uHansifTounouNeusosazyoIN1TNITAVDILTININUA
] ~ & & = @ A 1
32%219015NAa090 R3 uag RS auilumsanu1afadevesvuiavedlueranisiniinanesnis
o w < ¥ =® = 1 A Y o A
MIAVBILVINIMLA TasfAnyudTeumeuszyvinglugramsineumsuanalnulue1nisn
o [ 1 { o (I} Aa a o w < ?x‘d 1
ga'lisnumsvua wu lueanisnde lurumsuaszlseansnmnmsmIavo LU Ina N
o A 1 a A I 9 [ ~
M1 (24.18%) 1ileaunanmagesaatsveanuanisetiuldlden duaainaniua1san 4-2
ANENHINZTUADNITHAANIFTINTINAIINITEUIUNTHINTINTZH

[ o [ a A [ 1 1
yagnsnuluenmsmuunungluszauielfiians Ae dadiuszninayagnsuaz lue

A Y A Y
W151N 50:50 SIEFTRLY TS 12% melﬂuemwwsmmumsmum



72

4.4 HANINAABIANHIMIHAAM BT IMWAIBYANIINARRIVINATBIUUAMITZUNUUNS

VoA . .
011D (Semi-Continuous)

= a o ~ Y = 1 A I
fﬂi‘ﬂﬂa’E)\‘]ﬁﬂ‘]el1fﬂiWﬁ@lﬂW“]f‘]f’JﬂWWﬂ’)ﬁlﬁ%ﬂﬂllﬂﬂﬂ\‘]@lﬂlu@\‘]Lﬂu“yﬂﬂ1iﬂﬂﬁ®\1
a wa o 1 1 o ' <
ﬂluWﬂﬁjﬂ\‘lﬂ;]U@IﬂWig]}'JEJﬂWiﬁiJﬂiﬁhi%ﬁﬁ%ﬁgag’fﬂiﬂ‘ﬂﬁl‘ﬂEINWTBW 1ﬁllﬂﬂﬂ1iﬂﬂﬁﬂﬂﬂ@ﬂlﬂu 4
4 a A a o o 1 1
YANAAD Lﬁ@ﬁﬂ‘]&ﬂﬂi%ﬁﬂﬁﬂ1wﬁluﬂ1§Nﬁ@lﬂ1°ﬁ%3ﬂ1W‘ﬂ1ﬂﬂ1i‘ﬁNﬂi’)iJi%ﬁ’JNiJ”aiq’fﬂillﬁzal‘U

§19N151 A0 YAN1TNAADIN SI ANV IHAVOITATIUEUAUVDITARAY (Feedstock) YANIS

a a

naave S2 Anvmaveslsaiagauilon gamsnaaseh S3 Anvmavesdadiuiagau

Q Q

Y A =Y <3 g’/ @ a 9 [
Hou (Feed) HAgYAN1INAaeIn S4 ﬂ5N1mm@QLLmQWQWNﬂm@QQ§IQﬂﬂﬂ@u PNLLEANNIT

20NUUUMINAADI 1 UAI5199 3-5

2 Y o A o [ 2 = 9 &’ a A
ﬂ15Lsmummumﬁmumm‘u“lumsmamu"lmmﬂ%mmaumaiu

Q

2 1 @ s A o
mﬂammﬁ'u (Seed Sludge) Hﬂ!taEJ]ﬂ‘]JﬂWiTI@Iﬂ@Qi%‘UULLU‘]JLL‘]JVI‘]fLﬁ'ﬂ\ﬁﬂﬂ@s]}@ﬂﬂ”lifﬂﬁuﬂ

(% o L [ [ {
an1zlunmsnaaeslindreadsnumsilidszgnaldauluszduaiaisouniniga anw
Y Y 2 A 9 v a ¥ A ~ = d ' y 9
iy uvesedsEuauvesingau ldunmanaasslunonssui 1 suilumanududu

2 Aq Yy = A o A = A 9 Q
euaqeuaqummiwwallﬂmwmuqqqﬂ A0 TS 12% TﬂEmuuuszummummmmmaﬂimm

'
v 2 Y A

a 9 A v a o o A I Y 1
agauGuaunIFlumssuduszuy 3.2 Alansy dAutdumsszuniiunal 21 Tu Taelilinng

v
Y a a

s v |1
OU’JG]EMULWEJW%@QRJ’N]Q@]U’O’Oﬂ ﬂWﬂuuﬂ$ﬁ1ﬂﬁﬂ1ﬂ’J@]QﬂUWNﬂi’]’f)ﬂfﬁ\i‘ﬁﬁ\i (ﬂi%‘ll”lm 1.6

Q

e

a

alansu) nazdloudagauninIndasludminiiugng 3 Ju Wunadagavileonudads

Q

A = a [ a Yo a =4 v A o
M1519N 3-9 CINGL‘L!"IJ‘Q!zmllilﬁqﬂ‘]J3z‘lJ1Ji]%llﬂi’uﬂ153Uiinﬂﬁﬁ@u%immu%u‘ﬂ%uiﬂ (Shock

[ a

9 ] Y
Load) tazluaasaiuiiueg hilimsauingaunwudnees minaaeslunanssuiildvinig

= £ A a (4 ~ A A = [~ 1 [
“Vlﬂﬁ’t]\‘ll!ﬁ%‘ﬂucﬂﬂNﬁﬁuijﬂa\‘llll@ﬂ31J1mﬂ1“]f“]5’3ﬂ1Wﬁ$ﬁiJLﬂJﬂ\‘lﬂ G]f\illﬁﬂ\‘lﬁlﬁlﬁu’NﬂWiﬁl@EJ

a Y

' v
ffa'IEJ‘U'ENLL'UﬂﬁFﬁﬁlliuﬁﬂu@ﬂaﬂﬁ%@quﬁﬂ15ﬂ@ﬂﬁa1m!é}’l lfﬁ@\‘]ll1%1ﬂﬁ15911’113ﬁ11’13ﬂl§8\‘]
A A Y] A Y] 9 1 v A A a
UUANLTYLIUAAUDIAINTDVTUALLATD mi‘vmamtmgﬁmazﬁugaimuw 61 1HeI01nsun

o 2 { a s @ v 1w a o £

ﬂ’l%%’)ﬂWWﬁzﬁNliNﬂ\?ﬁ WaﬂWiﬁLﬂﬁWg‘ﬂ@\‘]ﬂﬂﬁzﬂ@‘U“VI'Nlﬂflellf]\?@l')f)fl’l\i')ﬁi}ﬂﬂﬁﬁﬂﬁﬂﬁjﬂﬂWﬁ
A 9 a Aa A a o = v 1 [

ﬂﬂa’ENLW’E]GlGIﬁJ3$L1|1J‘1J33@1’1/1‘]5ﬂTWGluﬂ'IiNﬁ@lﬂW“])’“]f'JﬂTW%’lﬂﬂ’lﬁﬁuﬂi'JNigW'JW\‘lﬁl‘iJﬂW\?WWi'l

uazyagnIuuUNIAedluan1IZa19e HaAIRINITINN 4-4



Y a J J @ T o & 4 a a A a o o 1
VniN‘ﬁ 4-4 WﬁﬂTi’JLﬂ’iWﬁ’eNﬂﬂ'§$ﬂ’t]‘U“V]NLﬂflGUEJWI’J’EJEl%i“ri‘a\‘lﬁuijﬂﬂﬁﬂﬂaﬂﬂlﬁﬂﬁl%}ﬂigmuﬂﬁgﬁﬂﬁﬂ1wﬁluﬂﬁﬂﬁﬂﬂ1°ﬁ%ﬁﬂ1wmﬂfﬂi“rmﬂiﬂm

szuunuuneaeiiesszneyagniuaz luewmnsluaniizaie

73

Feedstock Feed Biogas CH,

Pig manure: Pig manure: HRT OLR Production | Content CH, yield %TS %COD
No. | Rubber leaves Rubber leaves (Day) (kg COD/mS/D) (L/D) (%) (L/g TS, ,.oved) | Yemoval removal
S1 50:50 50:50 20 3.25 0.32 65.07 2.07 34.08 24.64
S2 50:50 75:25 20 2.56 0.36 70.18 1.89 45.50 26.36
S3 50:50 100:0 20 4.07 0.27 57.25 0.74 71.50 29.61
S4 50:50 50:50 10 6.50 0.20 63.64 0.70 31.50 28.00
S5 50:50 75:25 10 5.13 0.22 69.63 0.79 33.17 26.84
S6 50:50 100:0 10 8.13 0.19 49.01 0.28 58.08 28.07
S7 100:0 50:50 20 3.25 0.18 49.01 0.70 43.42 25.92
S8 100:0 75:25 20 2.56 0.19 64.58 0.73 56.58 25.75
S9 100:0 100:0 20 4.07 0.18 47.40 0.34 83.00 23.96
S10 100:0 50:50 20 4.75 0.16 40.66 0.46 29.20 23.65
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Abstract: Co-digestion of various wastes has been
shown to improve the digestibility of the material and
biogas yield. The possible use of rubber leaves (RL) from
rubber tree waste co-digestion with pig manure (PM)
was evaluated in laboratory study by batch tests under
room temperature. The length of batch experiment was
44 days.  Furthermore, co-digestion in  varying

proportions of PM and RL were studied. The effects of

increasing concentration of rubber leaves expressed as
percentage of total solids (TS). The carbon-to-nitrogen
ratios (C/N ratio) were investigated and feedstock
proportions of rubber leaves and pig manure were
8-20% of TS. A maximum methane yield of 0.38 | CHykg
TS, cmoved Was obtained at 12% of TS and 11.72:1 of C/N
ratios. A methane content of up to 58% was obtained
Srom this proportion of PM and RL of 50:50 whereas PM
alone had produced biogas with 41% Co-digestion can
improve the methane production and the methane vield
by 40% compared with digestion of PM waste alone.

Key Words: Biogas/ Anaerobic co-digestion/ Methane/
Pig manure/ Rubber leave

1. Introduction

Increasing in energy demand and the issues about
rapid depletion non-renewable energy resources as well
as their environmental shortcomings led researchers to
investigate alternative energy sources during the last two
decades. Renewable energy resources draw attention all
over the world because of sustainable and improvement
in environmental quality. Biomass and agricultural waste
represent a large potential renewable energy source,
which could benefit society with a clean fuel in the form
of methane. Biogas technology has been known for a
long time, but in recent years the interesting in it has
been significantly increased, especially due to the higher
cost of living and low cost fulfill of biomass.

Anaerobic digestion is a proven and established
technology for treating many types of organic wastes,
both solid and liquid. This alternative allows the
production of energy in the form of biogas, which

contains mainly methane (CH,;) and carbon dioxide
(COs) and a solid product that can be used as an
amendment of soils. Co-digestion is a promising
technology widely applied two or more organic residues
are well described in the literature [1]. Thus, co-digestion
between manure and cellulolytic would give balancing in
nutrients, appropriate C/N ratio, and stable pH that
needed to increase methane production, because of the
added plant materials with high carbon content provides
the preliminary energy source for the microorganisms
growth and could improve the C/N ratio of the feedstock,
thereby decreasing the risk of ammonia inhibition to the
digestion process. [2]. Anacrobic digestion of pig manure
(PM) alone produces low methane yield due to the high
content of water and fibers of this material. It is hence
clear that if it is desired to produce more methane yield
to meet local energy needs, there is a need to look for
other feedstock, along with PM.

In rural areas of developing countries various
cellulosic biomass (cow manure, agricultural residues,
leafy biomass, elc.) are available in plenty which have a
good potential to producing biogas. The biogas potential
of lealy biomass feedstock is almost twice that which
can be produced by animal dung. Rubber tree is a major
industrial drop in the south of Thailand. Rubber leaves
(RL), a surplus waste from the rubber tree, has been
defined as organic matter formed by photosynthetic
capture of solar energy and stored as chemical energy,
which are a suitable raw material for biogas production.
The solar energy stored in biomass could be released as
biogas through anaerobic digestion. The pigs produce
large amounts of manure, which are suitable substrate for
anacrobic digestion and excellent co-substrate due to its

high buffering capacity and rich in a wide variety of

nutrients needed by the methanogens. Moreover it has
been demonstrated that the composted PM is a valuable
fertilizer for increasing crop yield and improving in
technical feasibility of the process
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This study presents the biogas production achieved
in batch reactors using PM and high carbon content RL
at different fractions in order to determine optimum
mixture for successful co-digestion. The effects of RL
waste adding and total solid (TS) of 8-20% in feedstock
were evaluated for methane production using co-
digestion batch system. The total volatile fatty acids
(VFAs), alkalinity, pH, methane yield, and organic
substance removal were investigated.

2. Material
2.1. Operating procedure

RL, a leafy biomass waste was obtained from a
source of rubber tree plantation (Songkhla, Thailand).
The RL was grinded into smaller pieces with an electric
grinder. Fresh PM used in these experiments was
obtaining from a pig farm (Faculty of Natural Resources
of Prince of Songkla University, Thailand) was stored
less than 24 hours. The RL and PM waste were weighted
and mixed together. The design of experiment for biogas
production in laboratory scale is described in Table 1.
Batch biodegradability assays were carried out with 8
different proportions of the two solid wastes at room
temperature (28+2°C) and for a period of 44 days in
order to reach reactor stabilization. The TS concentration
in each reactor was 8-20%. In each set of trials, a
digestion of PM alone was used as a control and the
digestions were run in duplicate.

Table 1. Proportion of initial waste in biogas reactor

No. | PM:RL | Shred | % TS C/N

Ratio
R1 50:50 / 8 11.72
R2 50:50 / 12 11.72
R3 50:50 / 16 11.72
R4 50:50 / 20 11.72
RS 100:0 / 16 10.79
R6 25:75 / 16 12.06
R7 75:25 / 16 11.31
R8 50:50 x 16 11.72

2.2. Anaerobic digestion of PM and RL

The co-digestion of PM and RL were carried out in 8
sets of digestion reactor with a volume of 25 L reactors
constructed by using plastic bottles with a working
volume about 20 L. The biogas produced was collected
in 6 L of PET bottles (see Fig. 1). The volume of gas
collected was measured by the displacement of water
from the collecting PET bottles and was recorded every
day. The reactors were shaken manually for 0.5 min
twice daily to mix their content.

SAMPLING FEED
PORT PORT

GAS LINE

GAS COLLECTOR

DIGESTER

Fig. 1. Sketch of the anaerobic digester

2.3. Analytical

The biogas composition was determined using a gas
chromatograph; fitted with a ShinCarbon ST 100/120
mesh column, a micropacked column and a thermal
conductivity detector. The oven, detector and inlet
temperatures were 40, 200, and 100 °C, respectively. The
compounds detected were methane and carbon dioxide.
The volume of biogas collected in the gas-tight
aluminium bags. In all experiments the following data
were determined: methane yield, total solids (TS),
volatile solid (VS), pH, and alkalinity. Total volatile fatty
acids (VFAs) were determined according to the APHA
Standard Methods (1995) [4]. Total organic carbon
(TOC) was measured by wet oxidation. Total nitrogen
(TN) was estimated by the Kjeldahl method. Moisture
was determined as described by AOAC standard
methods.

Removal rates of TS were calculated after reactors
stabilization (i.c., after more than 44 days of
experiments) by equation (1)

S = TS,

TSRemoval (%)= T

initial final (1 )
TS,
3. Result and discussion
3.1. Feedstock characteristics
Table 2 shows analyzed properties and

characterization of initial waste.

Table 2. Properties and characteristics of PM and RL

Parameter PM RL
Organic Carbon (OC) % (dry wt.) | 17.15 29.76
Total nitrogen (TN) % (dry wt.) 1.59 2.41
C/N ratio 10.79 12.34
Moisture (%) 2.31 0.19

Biogas production

The accumulative biogas production through the co-
digestion of different feedstock is presented in Fig. 2. It
indicates that mixed raw materials of PM and RL at 12%
TS produced the highest volume of biogas (R2), whereas
R3, RS, and R7, followed, respectively. For the biogas
quality measuring by methane gas percentage, the result
showed the highest figure of 58% CH,4 from R2, while
for R3 is 50% CHy and R5 1s 41% CH,.
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Fig. 2. Cumulative curve of biogas production

The single wastes and mixtures of wastes were
studied with regard to methane production in batch
assays for a period of 44 days. Fig. 3 shows the
quantity of the total biogas production using RL
fraction in feedstock at 0, 25, 50, and 75%,
respectively, at 16%TS. It is clear shown that the
maximum biogas occurs at 50% RL fraction, whereas
at 75% RL produces minimum biogas. This
demonstrated that a small amount of RL as co-
substrate in the anaerobic digestion can highly
increase the biogas production compared with PM
alone. This could be due to positive synergism in the
digestion medium, supplying missing nutrients and
reducing/diluting of inhibitory materials in feed stocks
by the co-substrates.

120
100

Total Biogas (L)

80
40
20 - I
o N

0% 25% 50% 75%
RL fraction in feedstock

Fig. 3. Effect of RL firaction on biogas production
using co-digestion reactor

3.3 Effect of percentages of TS in feedstock on
biogas production using co-digestion reactor

In order to assess the TS in feedstock on biogas
production, four sets of experiments are performed at
8% TS, 12% TS, 16% TS, and 20% TS, respectively,
at the feedstock fraction of 50:50. Fig. 4 represents the
quantity of the total biogas production against the

percentages of TS in feedstock. It is obvious that the
12% TS gives the highest gas productivity. This could
be attributed to organic overloading due to inefficient
contact between the microorganisms and the substrate
at the highest initial total solids concentration. These
results agree with Radwan et al, [3]. The biogas
production at 8%TS was lowest, because the amount
of initial seed low.

160

140
120
100
80
60
40
20
0

Total Biogas (L)

TS 8% TS12% TS 16%

TS (%) in feedstock

TS 20%

Fig. 4. Effect of percentages of TS in feedstock on
biogas production using co-digestion reactor

3.4 Effect of size of RL in feedstock on biogas
production using co-digestion reactor

In this study different sizes of RL in feedstock
were used to determine the effect of feed size for
biogas production. These experimental conditions
were specified at 16% TS and at the feedstock fraction
of 50:50. Table 3 shows the results obtained in this
study clearly illustrate that the reduction of particle
size increases substrate utilization, and hence gives
enhanced biogas production. On the other hand,
smaller particles would provide a large surface area
available for the microorganisms, resulting in
increased microbial activity; thus, the anaerobic
biodegradability increased.
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Table 3. Effect of size of RL in feedstock on biogas
production using co-digestion reactor

Property Shred | No Shred
Biogas Production (L) 117 29.76
Particle Size (mm~) | 2.81x2.81 50x40

3.5 TS removal

The total solids destruction for various co-digested
of PM and RL leads to the reduction of organic matter
that measured through TS removal. Fig. 6 presents the
results of all experiments for 44 days of batch
operation. It can then be seen that there is an increase
in the TS removal with the decrease in the amount of
RL fraction, especially with PM alone. The highest TS
removal in the R5 because of microorganisms was
degradation of organic matter digestible. It can be seen
that TS removal depends mainly on the percentage of
PM in the mixture of wastes, becoming higher with a
higher amount of PM. These might infiuence the TS
removal in all experimental.

100
80
E 00
£ 40
&

z 20
0

S0PM:50RL 100PM:ORL 25PM:75RL T75PM:25RL 50PM:SO0RL

(R3) (R5) (R6) R®7) (R8)
Reactor
Fig. 6. TS Removal for the different fraction tested at
16% TS

Table 4 summarizes the results on biogas
production of anaerobic digestion of PM and RL, the
experiments lasted for 44 days. During the
experimental period, methane content of the biogas
was at about 41-58% and there were no significant
differences among different reactors. Co-digestion of
PM and RL can improve the methane production and
the methane yield by 40% compared with digestion of
PM waste alone. The marked increase in the methane
vield could be due to positive synergism established in
the digestion liquor and the supply of additional
nutrients by the co-substrates. The waste PM fractions
in the co-digestion with RL were on the total solid
basis. After being digestion, all the waste became
alkaline except pig manure alone. A mixture of rubber
leaves that is not shred was slightly acidic. The results
indicate that PM mixed with RL in the ratio of 50:50
at 12% TS (R3) gave  the highest total biogas,
percentage of methane, and yield of methane per kg of
total solid.

Table 4. Results of biogas production at 44-day batch anaerobic digestion

No. Total gas CH, Total CH, Yield pH VFAs
production (L) | Content (%) | Methane (L) | (L/kg TS;emoved) (mg/l)
R1 2.6 - - - 7.01 550
R2 153.1 58 88.8 0.38 7.22 500
R3 117 50 58.5 0.14 7.16 | 1500
R4 4.9 - - - 6.85 | 2000
R5 87.6 41 35.9 0.06 5.95 | 1250
RO 17.3 - - - 7.15 | 2250
R7 68.6 - - - 7.02 550
RS 10.1 - - - 5.5 1000

4. CONCLUSIONS

The present study demonstrate that anaerobic co-
digestion of RL and PM is a feasible process as well
as the effects of fraction ratio and TS in feedstock on
the performance of the batch scale. Furthermore,
anaerobic co-digestion of RL and PM is a viable
alternative for recovering energy in the form of biogas
with 41-58% methane content and increase total
biogas production, compared with that of a control
digestion using PM alone. The conclusions are the

optimum total solid for biogas production is 12% TS.
The optimum fraction of PM and RL for biogas
production is 50:50. Results from this study suggest
that PM and RL are potential substrates for anaerobic
digestion for the production of biogas and could
provide additional benefits to agriculturist in southern
Thailand. Therefore, further research is planned to run
a semi-continuous reactor to examine the effect of PM
and RL feeding.
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