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ABSTRACT

Low biogas production in the frozen seafood wastewanaerobic digestion is observed due to the low
organic and Total Solids (TS) contents in the waater. In this research the decanter cake will $elun

the anaerobic co-digestion process to improve thgals production rate. The effect of co-digestion a
Hydraulic Retention Time (HRT) will be investigateding the continuously stirred tank reactors under
anaerobic conditions. Moreover, the study determthe biogas production potential of different HRifsl
that of wastewater digestion alofighe anaerobic co-digestion is operated in contisusith continuously
stirred reactors at HRT of 10, 20 and 30 days. eehanical stirring units of all reactors are opeta
automatically. The stirring action occurred continsly during the experiments. The anaerobic cosdtliige
results show that the anaerobic co-digestion pesvidigher biogas production rate and higher methane
yield than that of the wastewater digestion alofige optimum HRT of the anaerobic co-digestion is 20
days. This reactor produces 2.88 L dayith 64.5% of methane and the maximum methaneymtion
rate of 1.87 L day and the methane vyield of 0.321 | @& CODemovea The anaerobic co-digestion of
wastewater with decanter cake provides the highethame yield potential production than that progitg

the wastewater digestion alone at the ambient teatyre. The best HRT is 20 days for anaerobic co-
digestion between the wastewater and decanter Jdlee.experimental results reveal that HRT and co-
digestion are the parameters that can affect tgalsiproduction and methane yield.
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1. INTRODUCTION organic substrates. The anaerobic digestion iDeagss
where microorganisms break down organic substrates
The biogas production source includes agriculturalin the absence of oxygen. The typical biogas comsib
wastes, animal wastes, agro-industrial wastes,d soli 55-80% of methane, 20-45% of carbon dioxide, less
wastes, industrial wastes and wastewater than 3% of hydrogen sulfide and trace amounts loéot
(Pipatmanomaiet al., 2009; Roatiet al., 2012). gases (Koblitsclet al., 2008; Truong and Abatzoglou,
Thailand has many sources for biogas productioms. | 2005). Thus, the biogas can use for electricity
Thailand, the strategic plan for renewable energygeneration, heating, cooking and pipeline injectibms
development has been established since 2003 and tha valuable renewable energy source while it canged
purposed plan is to increase the renewable enérgnes the greenhouse gas emissions from fossil fuels.
to 19,700 ktoe per year in 2022 (Paepatuwbgal., Therefore, interest in renewable energy production
2009). Biogas is a product of anaerobic digestibn o from organic waste and wastewater is increasing.
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The anaerobic digestion is a slow process. The HRTKrabi province (Southern of ThailandfFi¢. 1). The
is 30-50 days for conventional biogas plant. Theglo characteristics of raw materials are determined in
HRT leads to a large volume of the anaerobic degest accordance with Standard Methods (APHA, 1988). The
and hence high investment cost. Many options canfeedstock was stored at 4°C. The prepared feedstask
improve the biogas yields (Shabeeal., 2010). One fed in all reactors every day. The co-digestiordéteck
interesting option is anaerobic co-digestion. Anaar includes the frozen seafood wastewater and decanter
co-digestion refers to the simultaneous anaerobiccake. The co-digestion feedstock between the frozen
digestion of multiple organic wastes or wastewatars seafood wastewater 180 mL and the decanter cakeal 0
one digester (Keanadt al., 2013; Rahmaét al., 2014; the ambient temperature is the ratio in these é@xpets.
Keanoiet al., 2014; Saitaweet al., 2014). It is used to

increase the biogas production of the low-yieldimg 2.2. Experimental Setup

difficult to digest wastes. The anaerobic co-digest The schematic diagram of anaerobic digestion
benefits include improving the nutrient balance, reactors was set up Fig. 2. Type of anaerobic digestion

increasing load of biodegradable organic mattéutidn  in these experiments was a continuously stirre tan
of potential toxic compounds, increasing digestiate  reactor. The reactor was enclosed with a mechanical
and producing better biogas yield (Sosnowskial.,  mixing system. The anaerobic digestion in these

2002). The anaerobic co-digestion of different @iga  experiments consists of three reactors. The contisly
materials may improve the anaerobic digestion @®ce stirred tank reactor was carried out in a 15 L exator
due to better carbon, nitrogen and nutrient balancewith 10 L of working volume for 10, 20 and 30 dayfs
(Parawireet al., 2007; Yen and Brune, 2007). HRT in reactor 1, 2 and 3, respectively. The reacto
The low COD of the frozen seafood wastewater maywere stirred automatically using the paddle meat@ni
not sufficient to make a biogas production coséeife. mixers. Two sets of experiments were carried ouhis
Thus, anaerobic co-digestion of the frozen seafoodresearch. In the first set, the wastewater alons wa
wastewater with decanter cake offers some intexgsti operated at varying HRT. The second set of expettisne
way. The decanter cake is one of the organic wdiies was under co-digestion conditions. The effluent was
the palm oil mills production (Eat al., 2011). It contains  collected at the bottom section of reactors.
the high COD and organic substrates (Kaosol and .
Sohgrathok, 2012). The decanter cake was estintated 2.3. Gas Production
be 0.27 million tons/year in Thailand (Chavalpatitl., The biogas is collected daily by the displacement
2006). Currently, the decanter cake is used a#ifers of water to gas counter. The biogas was measured
and soil cover materials in the palm oil plantatameas  Using the gas counter every day. The gas countst us

which can reduce the waste management problems ant'e Wwater displacement system connected to the

improve the environmental quality in nearby commyni neadspace of the vessel, logging the biogas pramuct
(Yahyaet al., 2010) automatically at 20 mL of intervalF{g. 2). The

d biogas was collected in a gas tube every 4 days for
: : " . : ._analyzing the biogas composition. The biogas is
using anaerobic co-digestion. The optimum HRT is analyzed for methane using a Gas Chromatography

observed in the continuously stirred tank reactwisig (GC) ;

. . . ! ; analyzer (GC7890A, Agilent technology, USA)
the automatic mechanical mixer. The p_otenfual qglas with Thermal Conductivity Detector (TCD).
production is evaluated on anaerobic digestioragibus

HRT of the continuously stirred tank reactors betwe 2.4. Monitoring Parameters
the wastewater alone and the wastewater with the

decanter cake. The biogas is analyzed daily torhite
the effect of HRT on anaerobic co-digestion.

In this study, the different HRTs are investigate

During the anaerobic digestion period, the amount
of biogas in each reactor is monitored to evaluhte
methane yield. The pH and temperature are monitored

2. MATERIALSAND METHODS daily.
2.5. Analysis
2.1. Raw Materials , .
In all experiments, the following data are analyzed
Frozen seafood wastewater is obtained from a frozerpH, temperature, COD, TS, VS, Alkalinity, VFA, NH

seafood factory in Songkhla city (Southern of Téuadl). N and TKN. All analytical procedures are performead
Decanter cake is obtained from a palm oil mill éagtin accordance with Standard Methods (APHA, 1988).
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Fig. 1. Decanter cake from palm oil mill factory
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Fig. 2. Anaerobic digestion reactors

3.RESULTS waste from the palm oil mill factory which containigh
amount of moisture content (76.9%). It had a high
3.1. Raw Material Characteristics biodegradability due to a high amount of TVS and

TCOD (Yahyaet al., 2010; Chavalparitt al., 2006).
Thus, addition of decanter cake as co-digestion can
increase the organic substrates as COD, TS andfaS
biogas production.

The main characteristics of decanter cake and rfroze
seafood wastewater showed ireble 1. The frozen
seafood wastewater contained 1,643, 1,640 and b5 m
L™ of TCOD, TS and TVS, respectively. The frozen
seafood wastewater contained high amount of TCOD3.2, Effects of Anaerobic Co-Digestion on HRT
which was the main harmful cause of environment, ) )
especially the receiving water sources. Thereftie, All three reactors in both sets of experiments usket
wastewater should be treated before discharge yo andays anaerobic digestion period. All reactors vaeaeted
receiving waster source. The decanter cake wadic so with the frozen seafood wastewater alone at diftardRTs.
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Table 1.Main characteristics of decanter cake and frozen decanter cake ratio. Then, all reactors were coatimt
seafood wastewater

Parameters Decanter cake Wastewater

pH 4.6 6.5

Moisture content  76.9% -

TCOD 1,090 g kg dry 1,643 mg [*

SCoD 220 g ki dry 721 mg [*

TS 23.1% 1,640 mg L

TVS 19.6% 955 mg

TKN 37.3g kgl dry 147 mg C*

NH3-N 0.5 g kg* dry 140 mg [*

Alkalinity 11 g kg* as CaC@ 413 mg L't as CaCQ@
VFA 17 g kg' as CaC@ 145 mg L' as CaCQ

After all of reactors led to the steady state, feremstock
of co-digestion is fed in all reactors. The feedktof co-

different HRTs. The results presented in these
experiments are an average value of the two regeate
experiments. The results of pH values showed irrtge

3 according to the different HRTs.

The pH value of all reactors was range between 6.5
and 7.7. The pH value of wastewater slightly drappe
during the anaerobic digestion period. However, fihle
value of all reactors was neutral. The temperatdrall
reactors was range between 25 and 35°C around the
mesophilic phase (Gray, 1989; Castital., 1995).

The COD of co-digestion between wastewater and
decanter cake rose up to 10 times of that proviged
digesting the wastewater alonéid. 4). Thus, co-
digestion with decanter cake could significantlgraase

digestion contains 180 L of wastewater and 10 g ofthe organic substrates for anaerobic digestion.

COD (mg/L)
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Fig. 3. Variation of pH with the digestion time for thefdrent HRTs
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Fig. 5. Variation of TS with the digestion time for thdfdrent HRTs
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Fig. 6. Variation of VS with the digestion time for thdfdrent HRTs

From this result, the COD removal efficiency of
wastewater digestion alone was 74.5, 59.1 and 512%
the 10, 20 and 30 days HRT reactors, respectividig.
COD removal efficiency of co-digestion between
wastewater and decanter cake was 71.2, 93.3 ab&c94.
in the 10, 20 and 30 days HRT reactors, respegtivel

The variations of TS and TVS with anaerobic
digestion and co-digestion under different HRTs ever
studied Fig. 5 and 6). The addition of decanter cake as
co-digestion feedstock can significantly incredsetbtal
solids, volatile solids and the biodegradability time
anaerobic digestion (Budiyore al., 2010), because the
decanter cake form is solid.

The results of alkalinity from effluent showed that

HRT reactors, respectively and the alkalinity ofigestion
between wastewater and decanter cake was 2,672 2,6
and 2,749 mg ' as CaC@in the 10, 20 and 30 days HRT
reactors, respectivelyFig. 7). The influent alkalinity was
lower than the effluent alkalinity for wastewategettion
alone and wastewater and decanter cake co-dige$tien
alkalinity ranges between 1,000 and 5,000 mg &s
CaCqQ is recommended for anaerobic digestion by Agdag
and Sponza (2005). The alkalinity is a measuretof i
capacity to neutralize acids is due primarily te #alts of
weak acids (Qasim and Chiang, 1994). If the VFA
exceeds the available alkalinity, the anaerobiestign
will sour. It will be inhibiting the methanogens in
anaerobic digestion reactors. The methanogens rprefe

the alkalinity of wastewater alone was 1,972, 1,765 neutral pH value with a generally accepted optintanye

and 1,732 mg ! as CaC@in the 10, 20 and 30 days
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Fig. 7. Variation of alkalinity with the digestion timerfthe different HRTs
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Fig. 8. Variation of VFA with the digestion time for théférent HRTs
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The influent VFA in wastewater digestion alone L™ for the wastewater digestion alone and wasteveater
samples was approximately 55 mg in all reactors and  decanter cake co-digestion, respectively.
the influent VFA in co-digestion between wastewatrd . .
decanter cake was approximately 500 rigir. all reactors 3.3. Effectsof Biogas Production on HRT
(Fig. 8). The VFA of co-digestion had a very high At the steady state of anaerobic digestion, thgasio
variation in the digestion period. Even though WA production rate of wastewater digestion alone wa&s,0
levels continued to increase later on in all reestits 0.17 and 0.14 Ldin the 10, 20 and 30 days HRT reactors,
values were not increased to the point that coeddl lto  respectively. The biogas production rate of wastemand
the inhibiton of anaerobic digestion. The decanter cake co-digestion was 2.99, 2.89 andL1Bb5in
recommended VFA for anaerobic digestion is rangedthe 10, 20 and 30 days HRT reactors, respectifdy 11).
between 50 and 500 mg*i(Halber, 1981). At the steady state of anaerobic digestion, theltees
The VFA/Alkalinity of wastewater digestion alone show that the methane production rate of wastewater
was 0.05, 0.04 and 0.04 in the 10, 20 and 30 d&&% H digestion alone was 0.04, 0.02 and 0.0Z Limi the 10, 20
reactors, respectively. The VFA/Alkalinity of co- and 30 days HRT reactors, respectively. The methane
digestion between wastewater and decanter cake wapgroduction rate of co-digestion between wastewatet
0.31, 0.10 and 0.10 in the 10, 20 and 30 days HRTdecanter cake was 1.58, 1.87 and 1.18'lirdthe reactors
reactors, respectively. The VFA/Alkalinity ranging Of 10, 20 and 30 days HRT reactors, respectiély. (2).
between 0.4 and 0.8 is recommended for anaerobic The results of methane composition in all reactors
digestion (Behlingt al., 1997). showed inFig. 13. At the steady state, the results showed

The influent ammonia nitrogen of wastewater digesti that the average methane composition in biogas of
alone and wastewater and decanter cake co-digestien ~Wastewater digestion alone was 9.9, 10.7 and 1hAtte

ranged between 146 and 148 migand between 66 and 74 0 20 and 30 days HRT reactors, respectively.avieage
e . . . methane composition in biogas of co-digestion betwe

mg L~ respectively Kig. 9). The effluent ammonia  \astewater and decanter cake was 51.9, 64.5, 6B15%
nitrogen was ranged betﬂ/een 258 and 395 rﬁgahd the 10, 20 and 30 days HRT reactors, respectiddig.
between 123 and 225 mg-Lfor the wastewater digestion typical methane composition is 55-75% (Karelisal.,
alone and wastewater and decanter cake co-digestiorp010). It was observed that the co-digestion betwee
respectively. The amonia nitrogen level that isheigthan  wastewater and decanter cake significantly provithed
1,500 mg L can cause the toxicity for anaerobiestign higher methane composition than that provided by th
(Steringet al., 2001). wastewater digestion alone for anaerobic digesfidre

The influent TKN of wastewater digestion alone and decanter cake is added in the anaerobic digestiactor,
wastewater and decanter cake co-digestion was dangethe TS, VS and COD contents were increased becduse
between 157 and 162 mg‘land between 307 and 323 mg the increasing in the organic substrate. Thus,bthgas
L™, respectively Fig. 10). The effluent TKN was ranged and methane productions were improved during the
between 400 and 524 mg'land between 361 and 496 mg anaerobic co-digestion.

—e-in_HRT10 -e-eff HRT10-a- in HRT20
—s-eff HRT20-+in HRT30 -~ eff HRT30

I
’ I g
Wastewater Wastewater+Decanter cake
] >

Z 400
Z
=<
= 200
0+ : : ; . .
0 20 40 60 80 100
Time (day)

Fig. 10. Variation of TKN with the digestion time for théfferent HRTs

////4 Science Publications 475 AJES



Thaniya Kaosol and Narumol Sohgrathok / Americaurdal of Environmental Sciences 10 (5): 469-479.420

~HRT_10-=-HRT 20-+HRT 30

5 Wastewater Wastewater+Decanter cake

Biogas production (L/d)
(F%]

0 20 40 60 80 100
Time (day)

Fig. 11. Variation of biogas production with the digestiime for the different HRTs
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Fig. 12. Variation of methane production with the digestione for the different HRTs
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Fig. 13. Variation of methane composition in biogas with thigestion time for the different HRTs

4. DISCUSSION 4.1. Effects of Co-Digestion on Anaer obic Digestion

The waste stabilization is directly related to the In the anaerobic digestion reactors of wastewater
amount of methane production and methane compositio alone, the pH of all reactors was within the optimu
of the biogas. The methane vyield is taken to be anrange but the pH in all reactors slightly declirsading
indicator of waste stabilization degree and perforoe  the digestion period. The VFA/Alkalinity in all re@rs
of anaerobic digestion. was lower than the recommended VFA/Alkalinity for
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anaerobic digestion (Behling al., 1997). These results digestion between wastewater and decanter cake was
of VFA/Alkalinity showed that the anaerobic digesti 0.185, 0.321 and 0.309 | Gig CODemoveqin the 10, 20
reactor had high buffering capacity. The influer@ of and 30 days of HRT reactors, respectively. For
1.6% was added daily. The recommended influent fTS o stoichiometric conversion, the methane yield isciy
feedstock was 3-8% for continuously stirred tarécter related to organic degradation (0.395 | H
(Gunaseelan, 1997). Thus, the organic substrate wa€OD.moed (Speece, 1996). According to the
slightly low in the anaerobic digestion reactor of experimental results, if the decanter cake is addedo-
wastewater alone. It was observed that in the ab&er digestion, the methane yield is estimated to sicgmiftly
digestion reactor of wastewater alone the biogasincrease. The best results are obtained when the
production was continued at a low rate for a pedbd0 anaerobic digestion system is done with the cosfige
days; and the methane composition was fairly low. A between wastewater and decanter cake. Improved
the steady state, the results showed that the gaera anaerobic digestion performance in terms of waste
methane composition in biogas of wastewater digesti stabilization is achieved (Sulaimanal., 2009).
alone was ranged between 9.9 and 15.4%. N .

The results of pH were observed during all digestio 4.2. Effects of HRT on Anaerobic Digestion
time. The pH declined in the first period (anaecobi The different HRTs have been considered as the
digestion of wastewater lone), then it recoverethwhe  potential factors for biogas production. The methan
initiation of methane production during the second yield of wastewater digestion alone showed no
period (anaerobic co-digestion of wastewater andsignificant difference in the various HRTs becattse
decanter cake). The pH value of co-digestion betwee methane yield is more or less similar in all reestdhe
wastewater and decanter cake also dropped duriag thresults for anaerobic co-digestion showed significa
initial period of anaerobic digestion. After theitial effect of HRT on anaerobic digestion.
period of anaerobic digestion, the pH value tentied For anaerobic co-digestion between wastewater and
move towards neutral. When pH falls below 6.2,ahc  decanter cake at 10 days of HRT, the methane
lead to the anaerobic digestion failure (Gray, 3989 production rate was 1.58 L™d The average methane
the anaerobic co-digestion reactors of wastewatet & composition was 51.9%. The methane yield was 0.185
decanter cake, the influent TS of 13% was addely.dai CHJ/g CODemoved At 20 days of HRT, the methane

i-lr;hethoergZzlgesrggiséraég-\(Ijviaseset?c?nugrhe;?:rtc:?se njlfﬁreongg?a éaroduction rate was 1.87 Ld The average methane
g : 9 composition was 64.5%. The methane yield was 0.321

methane composition in biogas of co-digestion betwe
wastewater and decanter cake was ranged betwe®n 51.CH4/ 9 CODenmoved At 30 days of HRT, the methane

and 63.5%. The co-digestion between wastewater androduction rate was 1.18 L™d The average methane

decanter cake provided the higher average methan€OMPOsition was 63.5%. The methane yield was 0.309
composition than that provided by the wastewater CH/9 CODemowea Increasing HRT can improve the

digestion alone. The methane composition from co-biogas potential production (Gunaseelan, 1997). é\ew
digestion in the 20 and 30 days of HRT reactors imas {00 long HRT can cause the biogas potential prooiuict
the range of the typical methane composition from to decrease because the organic substrate is naglen
anaerobic digestion (55-75%) (Karelktsal., 2010). The  for microorganism in the anaerobic digestion (Speec
average methane composition from co-digestion wasl996). Therefore, the 20 days HRT reactor provithed
slightly lower in the 10 days HRT reactor. It mag the best performance of biogas production for anaerobic
short of hydraulic retention time then the digestion between wastewater and decanter cake. It
microorganisms cannot digest all of the organic enhances methane production rate and improves $ioga
substance (Gunaseelan, 1997). composition by increasing its methane composition.
Biogas production and methane composition in  Nevertheless, the co-digestion between frozen
anaerobic co-digestion reactors showed that theseafood wastewater and decanter cake should bae take
decanter cake addition had a positive effect oninto consideration for scale-up purposes, in ofregadt
biodegradation due to the high biogas productiard a industrial scale with continuous system.
the high methane composition.
The results can be investigated that the methagid vyi 5. CONCLUSION
of wastewater digestion alone was 0.072, 0.095 and
0.160 | CH/g CODemoveqin the 10, 20 and 30 days of This research presented the optimizing HRT and the
HRT reactors, respectively. The methane yield of co best performance for anaerobic co-digestion. The
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experiments were conducted on frozen seafoodBudiyono, I.N., Widiasa, S. Johari and Sunarso,0201
wastewater digestion alone and co-digestion between  The influence of total solid contents on biogaddyie
frozen seafood wastewater and decanter cake ateaiff from cattle manure using rumen fluid inoculum.
HRTs. The methane production and methane yield was  Energy Res. J., 1 6-11. DOl:
used to determine performance during ambient 10.3844/erjsp.2010.6.11
temperature anaerobic digestion. This researclcatetil Castillo, R.T., P.L. Luengo and J.M. Alvarez, 1995.
that the decanter cake addition to frozen seafood  Temperature effect on anaerobic of bedding manure
wastewater has a positive effect on the rate dbgioal in a one phase system at different inoculums
degradation in anaerobic digestion at ambient concentration. Agric. Ecosyst. Environ., 54: 55-66.
temperature (mesophilic temperature). These results ~DOI: 10.1016/0167-8809(95)00592-G
showed that the co-digestion can improve the atéero Chavalparit, O., W.H. Rulkens, A.P.J. Mol and S.
digestion rate and methane vyield. The anaerobic co- Khaodhair, 2006. Options for environmental
digestion between frozen seafood wastewater arghtisc sustainability of the crude palm oil industry in
cake provided the highest methane yield at 0.32#Jg Zgggssr]tgm;hr%l:\%?ronengigg?czgengus?;in;rt;ﬁilismgl'
COD removed at 20 days of HRT. The methane . : X o
composition in biogas was 64.5%. The methane 271-287. DOI: 10.1007/510668-005-9018-2
production rate was 1.87 L-'d These results proved that Er, A'.C".A' Rahim, M. Nor and. K. Rostam, 2011.Ral
anaerobic co-digestion provided the higher biogas oil milling wastes anq sustainable development. Am.
X ; . J. Applied Sci., 8: 436-440. DOl:
production than that of wastewater dlge_stlon_ aldinean 10.3844/ajassp.2011.436.440
be concluded that the _anaeroblc co-dlgest_lon oieino_ Gray, N.F., 1989. Biology of Wastewater Treatmésst
seafood wastewater with decanter cake is a possible Edn., Oxfored University Press, New York, ISBN-
process in the waste stabilization and ?n the ivipg 10: 5780198590149 pp: 828. ' ’
potential of wastewater to biogas production. Gunaséelan, V.N., 1997’. An.aerobic digestion of laissn
for methane production: A review. Biomass
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