ABSTRACT

This research investigated the feasibility of using cassava starch manufacturing

wastewater as a substrate for hydrogen production in anaerobic fermentation process. A
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cassava starch manufacturing wastewater at 20,000 mg-COD/L using three different inocula,
namely (i) anaerobic sludge, (ii) co-culture of anaerobic sludge and Rhodospirillum rubrum
and (iii) a sequential addition of anaerobic sludge and R. rubrum. Using anacrobic sludge

alone, the maximum specific hydrogen production of 1,511 mL Hs/g-VSS and the maximum

hydrogen yield of 251 mL/g-COD fed were obtained at thermophilic temperature (55°C) and
initial pH 5.0. The use of co-culture of anaerobic sludge and R. rubrum in single stage as
inoculum improved the specific hydrogen production by 1.7-fold and the hydrogen yield by
1.7-fold in comparison to the use of anaerobic sludge alone at the same test conditions of
30°C and initial pH 7.0. Superior results were obtained when a sequential addition of
anaerobic sludge and R. rubrum was used for hydrogen production. The cumulative
hydrogen of 300 mL with COD-H»/CODippy 0f 0.28 was produced at 30°C and initial pH 7.0.
This study indicated that cassava starch manufacturing wastewater has a potential for
sustainable hydrogen production.

Sustainable hydrogen production from cassava wastewater was conducted in Upflow
Anaerobic Sludge Blanket (UASB) reactor. Inoculum used to form UASB granule was
anaerobic sludge obtained from the alcoholic wastewater treatment plant. Prior to granule
formation, anaerobic sludge was heat treated in boiling water for 30 minutes. A pH of the
substrate in the UASB reactor was maintained at pH 6-6.5 by adding NaHCO;. Heat shock
treatment and pH control were conducted to inhibit methanogenic activity. The 9.4-L UASB
reactor was operated for 7 months at 5 different hydraulic retention time (HRT) i.e., 24, 18,
12, 8.4 and 4.8 h with concentrations of cassava wastewater and inoculum approximately
10,000 mg COD/L and 10,000 mg/L, respectively. The biomass concentration in the bed
zone of the UASB reactor was increased throughout the experiment suggesting that hydrogen
producing granulated sludge were developed. A shift in HRT from 24 h to 12 h appeared to
enhance hydrogen production rate. When HRT was shortened from 12 h to 4.8 h the
percentage of hydrogen produced decreased from 46% to 10%. Peak of the hydrogen yield
of 46 mL Ho/g COD and the hydrogen production rate of 16.1 L/d were obtained at HRT 12



h. These results indicated that HRT 12 h was an optimum HRT in producing hydrogen from
cassava wastewater. An average granular sludge at HRT 12 h was a light-grey in color and
was 0.14 mm in diameter. Each gram of biomass produced 0.89 mL Hj/day with gas evolved
mixture of 46% hydrogen, 40% carbon dioxide and less than 2% methane. The effluent
volatile suspended solid, the endogenous decay coefficient (Kd) and yield coefficient (Yg) of
hydrogen producer granules were 235 mg/l. and 0.64 /day and 0.93 g VSS/g COD,
respectively. During the efficient hydrogen production stage, a major soluble metabolite was
butyric acid, followed by acetic acid and propionic acid. Analysis of microbial by DGGE in
granulated sludge indicated that dominant species found in each band on the DGGE profile at
every HRT were Megasphaer elsdenii and Megasphaera honisis.

Keywords: anaerobic sludge; biohydrogen production; cassava starch manufacturing

wastewater; Rhodospirillum rubrum, microbial community, UASB



Unfiatie

mAseilEAnE A A unsnanlalanay TanldtnRalsenutleiuiuduansy
Tunszuoumsudnuuui¥annna msvasatutiveandy 2 dou davurn Wunimmasssdinuuuns
TrglitnTalssmutladiugendaRtinanudidy 20,000 Sadnfu COD sedns Wuduanm Tag
Wdeqduridfunnanaiy 3 oiia Ae 1) deqAwidildanmnazneuansruurdmindoun ¥
21M# (anaerobic sludge) 2) L%'ﬂﬁauﬁﬁmwﬁﬁéwﬁu #ur  anaerobic sludge uaz
Rhodospiriliurn rubrum uwaz 3) wnsuiniasld anaerobic sludge naw waquiinmesss R,
rubrum tan enaseInydn naniningld anaerobic sludge thenatinalRen figaumniige (50 asrn
eEaa) wasAeTBNduYiiL 5.0 Wirnsuanlalasiaudnizasgn (maximum specific
hydrogen production) windy 1,1511 fAsaniulalasiaussninasuriuasaszmald (VSS) waz
natalalasiaugagn (maximum hydrogen yield) winfiu 251 fia@dnssanin COD ilominlaeld
anaerobic sludge $90Y R. rubrum ﬁ@quﬁ 30 asrtaidna uazfeaiuiuiniy 7 wud
nsudstalasaudinrggauazAnaldlalanaugegadiatuy 1.7 wn denSeuduuiuniswin
aeld  anaerobic siudge WeternaBny  warnimaredliuaRBwdiemnnmiinlanld
anaerobic sludge feuudatninmenindelasld R, rubrum Fanmgi 30 ssrriaadus ed
Gusuiniy 7 Talisnlalanauarandlefuanniswinuindy 30 Tedans warAneldlalanay
Wiy 0.28 COD-lalasiau sia COD ARsdnluusrzuy annnamsmaassludaiuandliisiugi &
ardlulElunnsihifatremudlaid s aiteduduaamlunsnanlalasiay

nmassslugauiasaiiunisnaslalanauludainssuy Upflow Anaerobic Sludge
Blanket (UASB) iiaqauvidninantdlunissdunsyadoniundnlalasauluszun UASB i il
anaerobic sludge mmzuuﬂftﬂmﬁ'}tﬁﬂfqmmmﬁumm?zmgﬂanﬂaaﬁ {nen anaerobic sludge
Fananasndulfidesuu 30 it reufiasirlaiauntyaluszuy uaziinimmasesinsrunud
wwsvesduiansluszunldarlugas 6.0-6.5 fanisdndatacidauuazaruauiiesfissduiiin
Wedudinaauasianssimesauitiiiamannsolunsudaiiong inmasewwanta
Tasiauludaningzuy UASB 1114 9.4 8R5 WK 7 thau wlsdusvasinanisiniiu (HRT) ol 24
1812 8.4 ua 4.8 4l Ponndinduresninaznaududuluszunwindy 10,000 Radnsusedns
LAY m'mL'il'.uiummﬁ'\ﬁvqts‘qmuuﬂeﬁuﬁL*ii"lzj?:uumqﬁu 10,000 ¥a@aniu COD Fio@RAT HANT

' [ - . o o e sl o X
NAKEINUITAR TN N T UL IUIA (bIOmBSS) IuU?L'Jm bed zone ABNIRWNNUNITIWNIUARBA



a=f =

reznAIMIMAsas Suuansliiiuin Smafdursiuniyaveadegduviadiiiauannsalunng
wanlalnnau samnsnantlalanauluszuuaadfintudioan HRT aan 24 daluadlu 12 Fatug ud
atinalsfinn msan HRT a1n 12 daluaiilu 4.8 falus Suavnlaanududureslalanauiinie
annsann 48 wefidus lhile 10 wefidus naldvaslalnsiaugean uazdnsinisudnlalasian
quaeRldanszuL UASB i fiAnuiniy 46 fiadamslalasiausienin COD uaz 16.1 anssiadu
AUEAALT HRT windu 12 Falas nanimmaaesiiuamelifiugn HRT ﬁmmmuﬁqmmmmam
lalasauaminfialsssnuutlaiudntsuds fe HRT 12 9ol unsyafildanszuni HRT 12 4ot
fisnrazniludm founsduiuguineainiu 0.14 fsdins Banadlalasauiinanbensu
Fauaawinfu 0.89 fiadanslalnnausedy Tnaunaiindnlélssnandas lelasnay 46 wafifud
Afuewlaeenled 40 wefifus uas fnuldeandt 2 wWefifur arsfanarinssanyluimin
sswdvnnsndnlalasiaune neadialvin nsaesdin uaznsalwsinlalin uasnanisimssingy
19919AUNTT luunsyaaInssuuisemaiia Dentured Gradient Gel Electrophoresis Wudn 3

- =t ¢

lg i i Lt .-
FesAunsansuansiia e Megasphaera elsdenii  WaY Megasphaera  honisis {auwy

¥
= o

Ag - = e‘l’ d' 2
\deqduvidiaasssiailuunsyanldanszuunn HRT

A141A8 anaerobic sludge; biohydrogen production; cassava starch manufacturing

wastewater; Rhodospirillum rubrum, microbial community, UASB



