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Abstract

Background and Objectives: Current alternative energy development prefers the use of
wastes and by-products from industrial processes, agricultural activities as well as weeds
and manures as raw materials for the production of biogas. Nevertheless, production of
biogas from a lignocellulosic material requires pretreatment of such a raw material to break
down its structure, thus allowing microorganisms to more efficiently digest the material. In
addition, use of manure as a substrate may lead to the reduction of costs involved in waste
and by-product disposal and hence the reduced environmental impact. The objective of
the present study was therefore to investigate the potential of producing biogas by co-fer-
mentation of water morning glory and sawdust with goat manure under anaerobic condition
and to compare the production of biogas with and without pretreatment of the substrates.
Methodology: Water morning glory and sawdust were pretreated with 2% (w/v) sodium
hydroxide solution for 1 hour. Experiments were conducted in a 6-L single-stage anaerobic
fermentation tank with a working volume of 3 L for 35 days. The materials were added only

once at the start of each experiment. Three experiments with three replicates were
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conducted. The control experiment (goat manure: morning glory: sawdust at a ratio of 5:0:0),
experiment without pretreatment (goat manure: morning glory: sawdust, at a ratio of 3:1:1)
and experiment with pretreatment (goat manure: morning glory: sawdust, at a ratio of 3:1:1)
constituted the three experimental series. Concentrations of methane (CHA) (%vol), carbon
dioxide (CO) (% vol), oxygen (O,) (% vol) and hydrogen sulfide gas (HS) (ppm) were followed
as these are the major compositions of biogas produced in the fermentation tank; such
concentration evolutions were measured daily in order to compare the potential for biogas
production between the experiments with and without pretreatment and to evaluate factors
that affected biogas production.

Main Results: Pretreatment of the raw materials resulted in higher C/N ratios. The ratios
belonging to the experiments with pretreatment, without pretreatment and control experi
ment were 12.34, 11.37, and 10.22, respectively. Pretreatment yielded the highest methane
concentration of 34% vol. This was followed by the results of the experiment without pre-
treatment and the control experiment, where the methane concentrations were 25% and
23% vol, respectively.

Conclusions: When comparing between the experiments with and without pretreatment,
the former generated methane (CHA) at the maximum concentration of 34% vol. The pre-
treatment resulted in the increased efficiency, indicating that the alkaline pretreatment with
sodium hydroxide solution enhanced the potential for biogas production and increased the
efficiency of biomass degradation. This in turn affected the biogas production process of
methane-producing microorganisms in such a way that they could more easily generate
biogas.

Practical Application: The results could be beneficial for goat farmers who can use the
proposed methods to facilitate self-generation of biogas within the farms. The methods may

also be applicable with other kinds of biomasses and manures as well.

Keywords: Biogas, Water Morning Glory, Sawdust, Goat Dung, Pretreatment

Introduction
o o & | Y] a = & | a a ¢ o v
wAadanmduwrandsunyuidsudalunauiannisgesaaleasdunsduuulyly
29nTAU [1] 99AUTLNBUVDILAATININUSENDUMELAATINY 45-70% whdaA1suaulnaanlyn
25-40% lalasaudalna wauluie lalasau wazul [2-3] feanunsasrbulslunanssuildwia
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sssumaduuvamase [4] uiadanminsranduetrannluilan lusssulseuuunlng)
uarluveninuuaidnseduaiaiFou [5] nananuiatnmduismsfiidunuilageidonisiau
‘Uﬁﬂﬁauﬁé 4 ﬂ?ju lAun Hydrolytic Bacteria, Fermentative Acidogenic Bacteria, Acetogenic
Bacteria uaw Methanogenic Bacteria nguqaunidimanianthillumsiasumsduvidaduteuls
WuuAatinmlu 4 %y’umau laun %’jumauﬁ 1 Hydrolysis éﬂgumauﬁ 2 Acidogenesis Gﬂgumauﬁ 3
Acetogenesis LLaz%umauqmﬁwa MethanogenesisagnglsAnunsyuluniseoeaanadanaudgyiu
auvimefusgnann saftaniefurainisdesaatsnisiinin wandnuiadanindis
asensiililanna uaznmsianuaiBeuuy lildesndauluszu (6] madesaaeansBurisuuy
Lilfoondaulnglianudofitannszuiumandn Tanwdelimninnunsuieaisdunumia
wndulufunmsideuaznageamnssy Tuthytulimstaumdnumadenlaensirfanmie
Timanunsusziananluwaglaa (Lignocellulose) fiflesduszneuvaawaglaa (Celluloses) Lafi-
waglaa (Hemicelluloses) waganiiu (Lignin) Bswusnalunifawadiiy [7] inliifuingauluniswndn
ufadinm Gamsndauatinmannianudelimanunsussiananluwaglaarsiinsuivanin
fandananoumsniniiievhaislasiaiiswesdnluwagloadinaliqdunidamnsadesaans
fihetunasnsliyadnidurdadsiudunsanalidelunsiinueandenuazandymuady
sodawndenls
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Hutanudoisngpamnssunisusenoutuliifonsmd usyaunandutagudofinnnisuune
FadutanmdeisftanansadesaaenisiinmluanmgliomauasneliAnufaiinuld vuide
pdsiiTednudneninlunsudaufadaninlasnsinsuvesinduastidosfamtuyaunslag
mswisuisuufadinndldantaguiinfiunsuiuanimuas liiunisufuaniwnounisviin
snvadadunmsfinunanudulldlunnitagmderanldlfiaussloniuandunmafiuyadls
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Materials and Methods
QAU

1. goungvanlfiduiidesduniaduyaandldunueuesginniiuungluimia
§19v93 thuRsauuisluisy uatarseuruAzLASIVLR 20 mesh (Figure 1) Mt AAsIE
asfdsznoumaniuazandnunsdosiu Wud anmdunsa-rs (pH) Uandled (COD) Buid
A§UBN (0C) wawUimallulnsiusianun (TKN)

2. dintjeitiunldlunisnaaesfuindslng (pomoea aquatic) dawlaudufivaedisain
nMsUszneuems thundrainauazonauazuliiinme 1 cm (Figure 1) 9nntuiiaszsiosd
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Usznoumaaiinasandnunzidosiuvesdana liun Surddaiven (00 Vimalulasausisun
(TKN) waglag (Cellulose) Lefiwaglaa (Hemicellulose) wagdndu (Lignin)

3 desfithanllunsvaseafunurumnlssmudatutiesnafludmianszunsadeyse
Gt Bosliuay thunmnliutuazseurhunzunseseuan 20 mesh (Figure 1) 91ntAdinszs
psdUsznaumaniiuaranidnunedesiuresiuna Tdun Bunidasueu (00 Viualulasiau
Favua (TKN) wwaglad (Cellulose) Lefiwaglaa (Hemicellulose) wagandiu (Lignin)

a. findfauagtidosiirumsysuanm fnduasdidesilldlunismaaesgnuivanimieizns
maailagn1sUSuanImAIua (Alkaline hydrolysis) [8] ﬁwﬁﬂﬁ:aLLazs?TL?ia&JLLﬂiTuaﬂsazawaIsuLﬁam
lamsonledamududu 29 wi) Hunm 1 hr (Figure 1) Mndudnedintauas Tidosseidnaan
loseaudsvanm 7-9 A auih@sdidanuidunsa-se (pH) At Trsreiusinaesddsznauns
wiluazandnuusidesiuresinma s Sunidesueu (00) Ysinalulasiauvimua (TKN)

a a

waglad (Cellulose) Ladiwaglaa (Hemicellulose) waganiu (Lignin)

Figure 1 Raw material characteristics. (a) Goat Manure (b) Water Morning Glory
(c) Sawdust (d) Pretreated Water Morning Glory (e) Pretreated Sawdust

YANAADY

§aUfnsalganm (bioreactor) visafensinvinanndananainvuin 6 L Uuesldeu 3 L iuiu
9 &1 uadu 3 yan1means manasesar 3 1 MuvuvestilignnsraingumnTuazaaiudioeng
uRailediasgimanudutureaufading (CH,) uffan1sueulasenled (CO) ufi@eendiau (O)
uazuialelnsiaudalud (H S) Tuddudsesisiiyafiusegnah (Figure 2)

Gas volume

Biogas analyzer

Digester

Figure 2 Reactor used in the study
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Fumunsnaaes

nmaaedluaiilliyanimaassfieanuuuuaraisiueadugandnuiadininludamn
LUULUNS (Batch) Joutngivminifissadaferlunsdudumamanns lussriamsvaaesiims
munatlaensedminuay 1 asa 1 az 1 unil wlsnsveaeseendu 3 gnn1maaes (Table
1) faanudutuvesufadanmiiintuludmdnyntu Wud wiadin (CH,) (%Vol) uia
msuaulaoenles (CO) (%Vol) ufimoendiau (0 ) (%Vol) wazufialelasiudalls (H S) (ppm) uaz
Aushegumeluminiiefinngivnniineiinasensndaufatonw loun gamgll (Tem-
perature), A3LTUNIA-AS (pH) wazU3unas@lod (COD)

1. yamuay Insiduyaunsifuiaguiinifiesegafioaiisnsdin yaung: fnds: Gdes

(%

Winfiu 5: 0: 0 (500 g: 0 g: 0 g) WWiathfdnsau 1 Taauidn Wiy 5: 1 Msvnaasyaiiilal O/N

ratio Wiy 10.22
2. gansvaaesiilainiunisusuanin Insiwindanludandn laun yaune dnds wagtidesd

Lirhunsusvanmludnsiaiu yawne: dnds: Udes wiriu 3: 1: 1 dawdasain Phattakamon [9]

(%
o [ o 1

(300 g 100 g: 100 g) N NMTIEI U Tagudn WAy 5: 1 nsvaaeeyailie C/N ratio
Wiy 11.37
3. YAN1INAaRIIKIUNITUTUan N dn1sidudaniiiiunisuSuaninaieaisasanslaiey

[
¥ =y

lansenloaludwidn lawn yawne fnds wastidesludnadi yaune: Ands: Udsy windu 3: 1: 1

9

€

o 1Y

FauUasan Phattakamon [9] (300 g 100 ¢ 100 g) Wt fisnsndn 1i: Tavain Wiy 5: 1
nsnaaeeailiian C/N ratio Wiy 12.34

Table 1 Ratio of fermentation materials and C/N ratio

Experiment Raw material Ratio C/N ratio
Control Goat Manure: Water Morning Glory: Sawdust 5:0:0 10.22
Without pretreatment ~ Goat Manure: Water Morning Glory: Sawdust 3:1:1 11.37
With pretreatment Goat Manure: Water Morning Glory: Sawdust 3:1:1 12.34
RERIGERFY

mMlasgvissdlszneunuaiivesingiuildlunisveass laun yaune inds Adey finds
wagAldoeiNIuNsUTUan I Igvinoun1suiin wastilaaiun1smdnins e simesning
sonsinuiatinminemninesniinsnunanisnaaemniu lawn gaumall (Temperature) wae

v v s A a X v W Yoo Y v o &
mnududuvesuiaiinwiinduneludoin loud eanduduveufiaivnig (CH) (%Vol) ufid
msuaulaoanlas (CO ) (%Vol) ufigeandiau (0) (%Vol) was uialslasioudalud (H S) Jalaeld
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1R300 TALAETINN Vapore analytical Bio Genious-02 Lagn151dtnesniinsiiunan1snnaes
nn 7 1 leun enudunse-ane (pH) wasU3uadled (COD) FBn150393inTsinazAuAIILD
Tuns AT Zlanssa Table 2

Table 2 Chemical composition of fermentation materials and factors affecting biogas

production
Parameter Method Period of analysis
TKN Kjeldahl method before fermentation
OoC Walkley-Black method before fermentation
Cellulose TAPPI 203 om 88 before fermentation
Hemicellulose TAPPI 203 om 88 before fermentation
Lignin TAPPI 222 om 88 before fermentation
Biogas (%ovol) Gas detector every day
Temperature (°C) Digital thermometer every day
pH pH meter every week
COD (mg/\) Titrimetric method every week
C/N ratio Metcalf and Eddy, 2014 before fermentation

Results and Discussion
99AUsENaUVRLIAAMIN

' [
a0

osdUsznouvesiaquinfutadondsiivedfassansamlunissdaufadonm Jesunmuans
ownslutaguiindauduiuslaonsaioUsyavsnmnisnanufatann esanmniuiuaens
oSNz aLuazifisaesonLFaInTvesgAuYEslunnatiulnazdsradonuduiuves
wiaTanmiifisdu [10] Mnuamslieneiesdusznouvasianuin wut ON ratio TesyaLy
fintfa s dndsdtiunsusuanw wastidesiiunsusuanin ity 10,22, 6.94,94.57, 8.39
ua 136.92 mud iy (Table 3) nsusuaninimgiudsmalsl O/N ratio getu Tnggantsnmansag
AUAN YAnTNAABINTSTIltUMSUTUAN T wazgAnIIARB TN UANW T C/N ratio
Winfu 10.22, 11.37 way 12,34 anwandiu (Table 1) O/N ratio fivsnzasilumsndnuiadanimans
9858734 20-30: 1 [11] w10 ON ratio sazdswalyiiflulasauanniiululmvdsuduuealande
(NH) wsauoulailos (NH ") anadufivsie Methanogenic bacteria ainansznusonsiaiaivla
YOIAUNIIULENTINISAAAUYSTanas vlilseaninmlunisndauiadinimanas usivnC/N
ratio geanszduilit Methanogenic bacteria Wlulnswuifisdudsnalilulasaununasegiennd
ilvusgansnnlunsudauiadin nanasduiu [12] Table 3 wuinisusuanwingaudsiing
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naU3una cellulose, hemicellulose ag lignin MuasuLUadly Feliasionsgosaaneveiqaund
WeasannsuSvanindumsiatelaseasiandnues hemicellulose wag lignin vilduSua
cellulose WinNNTU [13] FenolAANITUD@AUEITOUNTIVDY Methanogenic bacteria Lilonan

& & v X
Wundadinmlanay

Table 3 Compositions of fermented materials

No pretreatment With pretreatement
Parameter Goat Manure Water Water
Sawdust Sawdust
Morning Glory Morning Glory

pH 8.2 N/A N/A N/A N/A
COD (mg/L) 1,833.3 N/A N/A N/A N/A
OC (%) 27 313 33.1 334 35.6
TKN (%) 2.64 4.51 0.35 3.98 0.26
C/N ratio 10.22 6.94 94.57 8.39 136.92
Cellulose (%) N/A 27.18 27.74 30.13 32.87
Hemicellulose (%) N/A 16.14 6.08 8.05 3.56
Lignin (%) N/A 4.93 3.82 1.01 3.15

N/A = Not applicable
Dry basis

NANISANYINSNAALAFYININYD 99U

a a

1. gl eaumgilutadevitendfglunseuiunisudauiatinn 1eanngamgiidnase

Y

AusdlusruuwasUitnINTsuNsinn stosaanelaeaund [14] 1INWANITVAGEINUT Aaen

'
a =

szoznamaninilgaumniindonsil Tasluyemuaufigamaiinde 27.7+2.7 °C yansvnaedilll
Wunisufuaninilgungiiade 27.7+2.6 °C uazyaiiiunsuivaninigumgiiade
27.6+2.7 °C slunszviumavinuasUiinaumsndauiatanmiuegfunmaiulnwesmiunidnely
szuu Tasynnmanasosiuduaniizgamgliulefian (Mesophilic) Ao gaumgiilutag 20-45 °C
Huthseumgiiigduvdnguiluiidn (Mesophilic Organisms) annsaiaiapiulauasissdiney
Ioneluszuu Ineauvsdasiivszansnnlunistesaaisansduniduasnsnanuiadanin [15-16]

2. manudunsa-ane aranudunsn-ang (pH) annsoliidumnsfimesivedaannie
msndnuuuliennie MsAulneRAuYsELasAINTIUTRRAUYSY MNNANITVIAaRINUTT Handn
ﬂy’aamﬁqﬂmimaaqﬁmmmLﬁuﬂiﬂ—ﬁm (pH) oglurae 7.8-8.5 Fapaudunsa-ang (pH) anad

Tugaesdlaniusn lngamguainisanasiiasnainnszuiunisialaslada (Hydrolysis) uas
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NS¥UIUNNTAS19NIA (Acidogenesis) dsnaliimauilunsa-ae (pH) neluszuvanas [17] Uszneu
funBatanmintundutsaesdaiusnveanisusin uazAaudunsa-sa (pH) amadl
wualiuanasvesnyanismaaes Tnsauidunin-ans (pH) veemnyan1snaasdoglutiad
Methanogenic bacteria anunsadiulaleds Methanogenic bacteria @ansaiaulalalugie A
Junsa-ana(pH) Wi 6.5-8.5 [18]

3. UTunaudlen (COD) Usunaudlaf (COD) inudnAgyog19unnven s uiunIsudniiadinim
Sefinsanaswesiadled (COD) wansfensaanesnvesansduvisdlneianssuesgduniots
dwaliusyansnmlunafautatinmiut [19] mnuansvaaesmui GuadleAneluszuy
YoMWNYANSVIRABIAnas By TARe s uSUSUANMEUTINATTeR (COD) anasgean 67.12%
deiSsuiisuiugnmuauuazyanisaassnsiliinisufuanmiiuinnadled (COD) anas
e 53.01% way 53.85% AMud1du (Table 4) Gmnyanismeansvasnsviingausis gan1smaaes
frinunsuivanmuarliiunsufuaninduiinadled (COD) anaunnnigamuan LHosn
mMavsinmiUTinumso sz auRensEesaane v s9AuYIE [20] MsanasuesUiinadled
(COD) dsnademmundiiuvosnfating fagiuldluyanisveaesiiiiunsufuanmmwueandy
Fuveaufiadinu (CH) gegawhiu 34%Vol sesasun leun yansnaaesiliiumsuiuaninua
yamuAumMniimiinUiinadled (CoD) Tussuuazdsnalimududuvesfading (CH) il
Fuse

Table 4 Evolution of COD in fermentation tanks

COD (mg/L) COD

Experiment removal
Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 (%)
Control 2,880.0 | 2,640.0 | 2,346.7 1,920.0 1,600.0 1,353.3 53.01
Without pretreatment | 2,773.3 | 2,586.7 | 2,240.0 1,813.3 1,493.3 1,280.0 53.85
With pretreatment 2,666.7 | 2,426.7 1,920.0 1,546.7 1,173.3 876.7 67.12

4. pududureufainmiiietulufmiin nsfnwnsudauiatinngaaiuny ganms
naaealilkiunsUuanmuazyanIvaaesiirunsUTUAn ™ fid1 O/N ratio Wity 10,22, 11.37
uay 12,34 AmddU  9InnsMaaesmuIl MananLiaTinmesyansaaesiiunsUTUaa M
inandnufatinmiigeniuazifaufadinmisinigemaassdiliiumsuuanmuazgnniuns
Taonuinganmassiiliiiunsufvanninisudnufadinmanaadntesndsainiudl 31 veq
nsnaaes L dunszdordunisliudsulasadmesintuasdideslfegannefimnzause
mnsinedalinandnutatanmiiatu luuasfyavnaesiiiiunsusuanmuasgnmunsiiniesde
uiathamanasegnaiiulédn iesanesduszneumaniigngesauioun [21]
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INNTIATITRRUsENaUTRLRaT N lFINNsATIe TaRiaTinmdaeweSes Vapore
analytical Bio Genious-02 lalA Aadiuduvesufiatimu (CH ) (%Vol) ufiansusulasenlus (CO)
(%Vol) ufigeendiau (0) (%Vol) wazufalelasiudalyis (H S) (ppm) wud prsduduuiadin
(CH) Aatundaansunsninlueds 16 Tu wazefiansveulneenlys (co) ARt und Ry
nIudn 7 U Lﬁaamﬂagﬂmmmisjaaamamiﬁu‘vﬁé (Hydrolysis) LazlAnNISNANNIADUNIY
(Acidogenesis) Fsilufiansuaulasonlud (CO) Antu [22] wagvdaniuladginamannuia
fmu(Methanogenesis) [unalidnauvesuianisveulneanlyn (CO)) anas uavilmududuvos
WAELY (CH,) iy desann Methanogenic bacteria Fnsiasuulasesdusenouresans
duridlinaneduuiadinu (CH) dunidlalasiaudalng (H,S) Suietusausisunszuaumsnin
wazuiidgoondiau (0) H3unuanas MNMINARDgANARDIrIuM U Uanmilnududues
wiaiio (CH) geaniyanmasafiliiumsUsuanmiaznauay ddduiuil 31 vesnsvsings
naesihumsusvanmidanududuvesuiaiiony (CH) gean 34%vol uiiannsueulasenied
(CO,) 14%vol whalslasiaudala (H,S) Wuqaqmiui’uﬁ 5 U913 AU 334 ppm Lazuia
pondlauanmaetiosnit 1% luiuil 9 vesnsuiin vasigaveaesilinunsuSuanmiiniand
Fuvaauiadinu (CH,) geanluiuil 31 vesnismiln 25%vol ufiaeiveulaeenies (CO ) 10%vol
uidlelnsiaudalud (HS) geanlufudl 5 vesmsusin wiidu 284 ppm uazufaeendiou (0) an
widetiosnin 1% lutuil 8 veamsviin luvasfiyamuaunuaudutureaufading (CH,) gsgo
23%vol lufuil 31 vesmaminufamsueulasenlast (CO ) 8%vol ufidlalnsudalvisgeaniuiu
7 5 vasmsndn Wiy 396 ppm wavwfiaeendwuanwdetioonin 1% Tuiuil 11 vesnisudn
(Figure 4, 5, 6) uazluiuil 31 veamvinidusuluynyanisveaesdivinamsndnufatanimi
anas

Table 5 Comparison between results of the present study and those of others

Raw material Pretreatment Volume of biogas %CH, Reference
Cattail (Typha angustifolia L.) steam 30.01 [24]
with cow dung
Napier grass with inoculum 1.0% w/v sodium 35.43 [25]
hydroxide solution
Morning glory (jpomoea - 0.29 d m’kg? - [26]
aquatica) co-digested with vs fed day

water hyacinth (Eichhornia

crassipes)
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Table 5 Comparison between results of the present study and those of others (Continued)

Raw material Pretreatment Volume of biogas %CH, Reference

sawdust waste, cow dung and - 0.045 L/TS fed - [27]

water hyacinth

sawdust waste, cow dung and - 0.046 L/TS fed - [28]
water hyacinth
morning glory and sawdust 2.0% w/v sodium 34 This study
with goat manure hydroxide solution
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Figure 3 Concentration evolutions of biogas in control experiment
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Figure 4 Concentration evolutions of biogas in experiment without pretreatment
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Figure 5 Concentration evolutions of biogas in experiment with pretreatment
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