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Abstract: Problem statement: Refined Glycerin Wash Water (RGWW) from the oleamiical
industry contains high Chemical Oxygen Demand (CQIDy requires proper treatment before
disposal. Unfortunately the wash water also costhigh concentration of sodium chloride (NaCl) that
could cause inhibition to the normal biologicalatireent process. However, there is feasibility of co
digesting the RGWW and Palm Oil Mill Effluent (POMEor its treatment and methane recovery.
Approach: A large 500 m semi-commercial closed digester tank was useduttyshe effect of co-
digesting POME and RGWW under mesophilic condifbdifferent RGWW percentage. The digester
performance in terms of COD removal efficiency anethane production rate and stability based on
total Volatile Fatty Acids (VFA) accumulation, Migeliquor Volatile Suspended Solid (MLVSS) and
pH were evaluatedResults: At 1.0% of RGWW co-digested, both COD removal @éhcy and
methane production rate showed satisfactory reswita higher than 90% and 505 °nday™”,
respectively. However, once the percentage wasased to a maximum of 5.25%, COD removal
efficiency remains high but the methane productite reduced significantly down to 307 day .

At this stage, the digester was already unstabile high total VFA recorded of 913 mg'Land low
cells concentration of 8.58 g L This was probably due to the effect of plasmalysh the
methanogens at high concentration of NaCl in thgester of nearly 4000 mg L Conclusion: Co-
digesting of RGWW with high NaCl content and POMEsatisfactory for COD removal but not for
increasing the methane production.
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INTRODUCTION palm oil mill and 1 tone per day of glycerol residu
from the methyl ester production pldit The liquid

The upstream and downstream palm oil processin@GWW is basically produced from the refining praces
industry is rapidly expanding in Malaysia in order of the glycerol residue. These wastewaters although
meet the increasing demand of the world’s oil aas f known to contains high amount of organic substances
market. Despite huge economics return to the cguntr which is suitable for anaerobic treatment process f

the industry also generates huge volume of liquidmethane production, they also contains other chamic

waste. The liquid waste known as Palm Oil Mill which may affect the performance of the anaerobic
Effluent (POME) and Refined Glycerin Wash Water treatment and methane production rate. For the afise

(RGWW) are generated at a rate of 0.5-0.75 tone dRGWW, it also contains high level of sodium chlerid

POME per tone of fresh fruit bunch processed fraemt (NaCl) and soap because the glycerol residue itself
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contains up to 64.3% of salt and 6.6% of fatty acid advantages include reduction of the operating cost
soap¥. In these wastewaters the high CODfrom CER, reduction of the green house gas emission
concentration in the effluent is mainly contributed  better waste management and reduction of air
the soluble organics such as glycerin and soapevth@d  pollution by converting the aerobic process to the
NaCl is from the reaction of acid (HCI) and baseclosed anaerobic process. The idea of anaerobic
(NaOH). digestion offers several advantages and an ideal
In many studies, the treatment technology for highsolution for organic waste treatment for the prdahurc
salt or saline effluent has been studied for CODof useful methane gas as a valuable product, low
removal in laboratory scale digesters and pilotlesca volume of sludge generation which can be used as
digester§*?. Sodium ions (N3 appears to be essential fertilizer and it is a low energy requirement
for methanogenic bacteria due to its roles in aproces&’. In Malaysia, anaerobic treatment is a very
chemiosmotic coupling mechanism and 230 mgINa  popular treatment method for the Palm Oil Mill
or 10 mM was suggested as the optimal concentratiokffluent (POME) by using either open lagoon or
for acetolastic methanogens in waste treatmentlosed anaerobic tank systéhi. The anaerobic
proces¥. However, salts (NaCl) concentration abovedegradation process of organic matters occurs tm fo
1% which is regarded as high saline waters could&a metabolic stages namely hydrolysis, acidogenesis,
loss of cell to dehydrate due to osmotic preé@uﬂe a acetogenesis and methanogenesis and there are two
study, the removal efficiency for soluble COD groups of bacteria that responsible for the coreplet
decreased from 94.8% at 150 m'g} bf CI' to only 63%  conversion of organic substances to methane gas
at 5000 mg ' of CI'™ High COD removal Which is the acidogens and methano§én. In
efficiency of up to 94% has been reported formany studies, co-digestion was adopted to improve
anaerobic treatment of saline wastewater bythe biogas yield in anerobic treatment of organic
Halanaerobium lacusrosei®™®. In  a  Specific Wastes such as sisal pulp and fish waStesludge
Methanogenic Activity (SMA) study, researchers foun and fruit and vegetable wasts pre-treated barley
that at 25°C, high NaCl content of 30 g land above, Waste and actn]/ated sludfé and grease trap and
the bacteria could not be acclimatized even in &gsd Sewage sludg®’. However none of the studies
which may be due to osmotic stress which inhibtte  Utilized the wastewater from the glycerin residue
reaction pathways of the degradation pro@esehis is ~ refining process co-digested with POME. Therefore
supported with another study which found the aitic the aim of this study is to investigate the fedgibbf
salinity level was 3% for the methanogens in thecO-digesting POME and RGWW with high NaCl for
mesophilic anaerobic digest€tsOn the contrary, ina COD removal and methane gas production for
modern Submerge Anaerobic Membrane Reactofénewable energy.
(SAMBR), researchers found the biomass could rgpidl
acclimatize to salinity of up to 40 g Lwith 40-60% of MATERIALSAND METHODS
Dissolved Organic Carbon (DOC) removal and
satisfactory methane production filfe In SAMBR or  The system set-up and operation: Figure 1 shows the
anaerobic Baffled Reactor (ABR), granule sludge isset-up of the system complete with a holding tamk a
developed in the system which has better protedtion sludge settling tank. The digester system was eguip
the methanogens against inhibition conditions. Thewith sampling port, temperature and pH probes, mgixi
sludge granules in the ABR system usually contaimed pump, biogas mass flow meter and POME mass flow
large amount of organics, amorphous materials antheter. The POME was obtained directly from the mill
crystals of Fg0s;, FeS, CaCg@ filamentous bacteria and by pumping and the RGWW was obtained from an
extracellular polymeric substanf8s In a study on oleochemical company located in Kuantan, Pahang,
sludge sample obtained from anaerobic digestetingea approximately 200 km away from the site. The
POME, the filamentous bacteria is known aswastewater was transported to the plant in either’ 1
Methanosaeta concilii™?. plastic tank or 30 fhtanker. The basic characteristic of
Recent introduction of Clean Developmentthe RGWW delivered is as follow; NaCl 2.86-3.26%,
Mechanism (CDM) which enables Certified Emissionsoap 3.89-4.84%, low level glycerin 0.32-3.26% and
Reduction (CER) to be traded to Annex 1 countr&s h total COD 63,500-84,000 mg L The POME was
attracted many industries including oleochemicalpumped from the mill and stored in the holding tarike
industry which produces wastewater with high CODvolume of RGWW required according to the percentage
and NacCl to investigate the feasibility of adoptswgch  was then added into the holding tank and mixed
concept in their wastewater treatment plant. Thehomogenously prior to feeding using a centrifugahp.
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Fig. 1: Schematic diagram of the closed digesteraete with a holding tank and a sludge settlinkigl): POME
inlet; (2): Refined glycerin wash water inlet; (Beeding pump; (4): Endress+Hauser mass flow mégr;
Biogas chamber; (6): Endress+Hauser biogas mass fieter; (7): Sludge settling tank; (8): Sludge
recycling pump; (9): Mixing pump

Table 1: The feeding profiles of the mixture of R@B¥and POME in terms of co-digestion percentage, @@fcentration, feeding rate, OLR

and pH
Operation Percentage of Feeding rate of COD rahge o pH range of
period RGWW co-digested the mixture fed the mixturd OLR the mixtur
Days volume (%) rhday™® mg L kgCOD m® day*
1-13 1.0 39.4-51.5 47.9-64.1 5.0 4.2-4.9
14-22 2.0 30.6-49.0 51.0-81.3 5.0 4.2-4.6
23-33 3.0 50.0 26.7-36.0 2.7-3.6 45-51
34-60 4.0 20.0-50.0 30-95.6 2.6-5.1 4.5-5.7
61-77 5.0 26.5-32.5 74.9-94.9 5.0 4.5-5.0
78-85 5.25 28.9-35.5 74.0-90.8 5.25 4.6-5.0

2 During these periods high rainfall was recordétcl resulted in diluted POME and the OLR could m@maintained at 5.0 kgCODYday™
due to maximum HRT that could be applied was oflglays? Mixture refers to the mixture of POME and RGWW

The digester was fed daily at different organicdigested (%), the mixture feeding rate®(day?), the
loading rate (OLR) _i;md tested at maximum OLR ofcoD range of the mixture (mg‘b, the pH of the
5.25 kgCOD ¥ day'. The sIudge_Irom the settling mixture and OLR applied (kg COD Tfhday?) to the
tank was recycled at a rate of 8 day™ throughout the  system throughout the period under study. The total
period under study. period of study was recorded for 85 days in which
Chemical analyses Chemical Oxygen Demand RGWW was co-digested at differe_nt pe_ri:entages while
(COD), total Volatile Fatty Acids (VFA), alkalinity e OLR was kept at 5.0 kg COD hday except on
Mixed Liquor Volatile Suspended Solid (MLVSS) and the days _%3'33 where_ the feeding rate wasl fate
NaCl were performed according to the APHA Standarcd?© nt day” which equivalent to 10 days of HRT.
Methods for the Examination of Water and Puring that period heavy rainfall was recorded and
Wastewatef®. The POME fed was measured using an€Sulted in diluted POME and the feeding rate was
electromagnetic flow meter (PROline promag 50'f|xed in order to avqld shock _Ioadlng to the _syslaamni
Endress+Hauser, Germany) and the biogas wa¥ashout —of  microorganisms — especially  the
measured using a thermal mass flow meter (T-Mas§'€thanogens. The COD of the mixture was recorded
AT70, Endress+Hauser, Germany). The methan®etween 26,700 and 36,000 mg in which lower than
concentration was measured using a calibrated gerta Normal values. The percentage of RGWW co-digested
methane gas analyzer (XP-314A, Shin-Cosmos Electriwas initially fixed at 1.0% in order to acclimatizee
Co. Ltd, Japan). The pH was measured using HANNAMICroorganisms to a new environment before being

pH/ORP/Temperature meter (HI 991002, HANNA Steadily increased to 2.0% from days 14-22, 3.08fr
Instrument, Romania). days 23-33, 4.0% from days 34-60, 5.0% from days 61

77 and lastly to 5.25% from days 78-85. Althougé th
The feeding profiless Table 1 shows the feeding pH value for the RGWW was extremely alkaline (pH
profiles in terms of the percentage of RGWW co-12.0-13.0), it has no influence on the pH of thetare
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as clearly observed in Table 1. The pH range of thdable 2: The methane percentage and methane gietrided
mixture was recorded between 4.2 and 5.7 which are Methane gas Methane yield o
normal to this anaerobic treatment process. RGWW composition (%) (kgCH. kgCODremoved)

Co-digested
(volume %) Range Mean + SD Range Mean + SD
RESULTS 1.0 54-67 595 0.14-0.18 0.15%0.02
2.0 51-62 58+3 0.11-0.14 0.13+0.01
Table 2 shows the results for the methane JJCH 2-8 gg'sg ngg 8-82'8-% g-igfg-gg
composition in biogas and _the yield at different.’ 36-50 4245 0.07-0.13 0.0940.01
percentage of RGWW co-digested throughout the; s 43-50 47+3 0.08-0.11 0.09+0.01

study period of 85 days. The percentage was slowl¥ Volume methane by volume biogas percentdgeTheoretical
increased from 1-5.25% at the increment of 1%methane yield is 0.25 kgGHgCODremoved
except for the last stage where increment was only

0.25% due to problem of NaCl accumulation. The 4390y = The percentage of RGWW co-digested -

=]

RUWW co-digested (Yovalume)

NuCl uunuunll'uuun inthe
diguﬂtu

o
O kD L e Lh Oy ) 0 O

results of CH composition in biogas and yield is . ;“33 & NaCleoncentration o

presented in the range and mean with its 5 - 000 ®
corresponding standard deviation (SD). The

theoretical yield of Chl based on the COD could be

calculated from the formula CH O, — CO, + H,0O 0 m

to give the yield of 0.25 kg CH«gCODremoved or ‘08

0.35 m CH, kgCODremoved®!. As clearly oy e
observed, the CHcomposition in the biogas and yield

reduced from 59% and 0.15 kg¢KgCODremoved,  Fig. 2: The sodium salt (NaCl) accumulation in the

respectively to 47% and 0.09 kg¢kyCODremoved digester at different percentage of Refined
at the last stage of RGWW co-digested. At 1% of Glycerin Wash Water (RGWW) co-digested
RGWW co-digested, the vyield was 0.15 kgCH

kgCODremoved which represents only 60% of the Figure 2 shows the accumulation of sodium salt

theoretical yield. At 5.25% RGWW co-digested the (NaCl) inside the digester at different percentage
yield dropped down to 0.09 kgGHgCODremoved = RGWW co-digested. Initially when the RGWW was
which is only 36% of the theoretical yield. first introduced into the system, the concentratafn
Table 3 shows the performance of the digester anflaCl accumulated was low at only 500 mg.L
its stability recorded throughout the study period However due to the accumulation effect, the NaCl
terms of COD removal efficiency, production rate of concentration increased once higher percentage of
biogas and methane, total VFA, alkalinity, pH andRGWW was co-digested. At the end of the study, the
MLVSS. Throughout the study, the COD removal NaCl concentration inside the digester increased to
efficiency recorded satisfactory result of aboventh nearly 4000 mg I*. The NaCl accumulation inside the
90% removal which indicates suitable treatment wakth system followed the linear relationshiﬁ & 0.8) with
of the co-digestion mixtures (POME and RGWW). Thethe RGWW % co-digested. The contribution of NaCl

biogas and CH production rate on the other hand jnside the system was from RGWW as POME usually
shows a declining trend towards the end of theystud does not contain NaCl.

Initially the production rates were 859 and 505day*

respectively, for biogas and GHut reduced down to DISCUSSION

576 and 307 thday® at the last stage of the study

period. The total VFA was observed to increase onc&he performance of the digester: The CH
RGWW co-digestion percentage was increased but theomposition in biogas and yield at different petage
alkalinity measured as mg CagQ* remained stable of RGWW co- digested is shown in Table 2. The
except in days 23-33 when diluted POME was utilizeddigester performances and in terms of COD removal
due to heavy rainfall. The pH was recorded stablefficiency, biogas and methane production rate are
between 6.9 and 7.1 as a result of satisfactoglialy ~ given in Table 3. As clearly observed, the COD
buffering capacity available in the digester to men  removal efficiency remains high of above 90% renhova
the effect of high VFA concentration. The cell throughout the period under study which reflectedyo
concentration in terms of MLVSS fluctuated betweentreatment performance of the digester. This result
8.14 and 8.83 g I inside the digester. consistent with previous study on POME without
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salinity additiof"**! and other wastewater with salinity 4.0% which highlights the availability of active
additiot®” In this study the percentage of RGWW co- methanogens in the system for £production. This
digested was increased to a maximum of 5.25% andxplains the positive effect of applying low OLRedu
remarkably the high COD removal efficiency remainedto the utilization of diluted POME due to heavyrrai
unchanged. This may be explained due to present ainfortunately, the Chlyield still recorded low value at
high biodegradability COD in the POME and RGWW only 0.1 kg COD it day™* which is only 40% of the
which can be easily utilized by the microorganisins. theoretical  yield. The declining trend of ¢H
a study, the biodegradability rate constant deeaas production and yield continued when OLR was fixed a
linearly with increase in fraction of particulateDO 50 kg COD m day' and RGWW co-digestion
which confirmed the higher biodegradation rate ofpercentage was further increased to 5.0 and 5.26%.
soluble COD by the microorganisms in comparison tahis stage the CHquality in biogas and production rate
particulate COB* Although it was reported that high fyrther reduced down to 47% and 307% rd™.
salt concentration could interfere the COD respectively. At this stage the Glhjield also dropped
measuremefit the sample was satisfactorily diluted gown to 0.09 kgCk kgCODremoved. This indicates
and the concentration of NaCl in the sample was low, poor digester's performance in terms of methaa® g
enough to cause interference to the COD readings,Th production rate, quality and yield. This phenomenon
a reliable COD result was obtained. could be explained by lost and reduction of suiviva
Unlike COD removal efficiency performance, the protozoa and methanogenic archaea after exposiig wi
CH, composition in biogas, CHyield and CH  high salt concentration resulted less sludge teydéor
production rates were found to reduce as RGWW Cofigccylates and plasmolysis occurfdd The good
digestion percentages was increased with timeeslgl  performance of the digester judged by COD removal,
shown in Table 2 and 3. Initially at 1% of RGWW co- higgas and methane production rate was observed whe

digested, the biogas and Elgroduction rates were ine RGWW co-digested with low strength POME
recorded high at 859 and 505 n‘laly'1 respectively, but (diluted) during rainfall period.

reduced significantly once 5.25% of RGWW was co-
digested. The biogas and g¢Hbroduction rate was
recorded only 700 and 400°nday” respectively, at
3.0% of RGWW co-digested. The yield of ¢hkas
also recorded low at only 0.1 kg COD’rday™. At this

The system stability: The digester stability could be
observed by monitoring the key parameters such as
total VFA accumulation, alkalinity accumulation, pH

. ) R 1 and the cell concentration in the treatment system
stage the feeding rate was fixed at 50 day (MLVSS)?. These values are shown in Table 3.

corresponding  to Hydraulic Retention Time (HRT) ° Since RGWW also contains high concentration of

10 days and too short for growth of methanogens H?\l ol it lati in the digest |
the digester. It was reported tMethanosarcina spp. atl, 1S accumulation In ine digester was also

exhibit a faster doubling time of 0.5-2.0 day oetate monitored and shown in Fig. 2. The alkalinity ireth
than Methanosaeta spp. of 1.0-12.0 dafd. digester was recorded between 2157 and 2798 thg L

Obviously with shorter HRT of 10 days, the avaitabl throughout this study, except slightly lower duritg
time was insufficient foMethanosaeta spp. which is heavy rainfall period. The total VFA accumulation i
commonly found in the modern anaerobic digestersthe digester was recorded increased with time as
The quality of CH in biogas was not much affected higher percentage of RGWW was applied to the
when RGWW percentage was increased from 3.0system.

Table 3: The digester performance and stabilitpmeed in terms of COD removal efficiency, produstiate of biogas and methane, total VFA,
alkalinity, pH and MLVSS

Digester performances Mean + SD Digester stgbilit
RGWW COD removal Biogas Methane Total VFA

Operation  co-digested efficiency production prodhrct period Alkalinity pH MLVSS
Days (%) (%) ratem® day®  rate ni day* mg L mg L CaCQ - gL?

1-13 1.0 94+2 859481 505144 374+70 2599+194 6.9+0.1 8.14+1.2
14-22 2.0 95+2 71749 418+42 600174 2594+289 6D+0 8.83%1.7
23-33 3.0 95+1 49742 283+22 8131134 2157+119 7.0£0.1 2581.0
34-60 4.0 95+2 581+70 347154 800+126 2538+328 7.1+0.1 5881.6
61-77 5.0 97+1 56057 32330 858+109 2798240 71+0 8.45+1.9
78-85 5.25 96+1 576+104 307458 913480 2400+224 aa+ 8.58+1.5

& Biogas refer to the mixture of G@nd methane gases and traces & fegligible for calculation)
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Although the system was stable within optimal pHbetter condition for methanogéis and in such
range for anaerobic treatment (6.9-7.1) and higtenvironments the methanogens are protected in the
concentration of MLVSS (8.14-8.58 g™ in the granules so that the process could generate satisfa
digester, the NaCl accumulation in the digestermethane production.
increased with time as higher percentage of RGWW

was co-digested. The sodium ion {INanhibition on CONCLUSION
methanogenesis has been widely reported in many
studie§?®l. In this study, the Nainhibition is clearly The present study demonstrated the feasibility of

seen from the increasing level of the VFA in theteygn  co-digesting POME and RGWW for the removal of
and reduction of ClHquality and quantity produced. COD from 1% RGWW to 5.25% RGWW. A
The fact that the COD removal efficiency was notmaximum percentage of RGWW co-digested,
affected by the increasing concentration of NaCthim  satisfactory COD removal efficiency of above 90%
digester suggests the feasibility of POME treatmentvas obtained even though high NaCl concentration
despite high level of NaCl recorded. This is coesis was measured in the digester. Initially the ,CH
with the previous study on high removal efficieriny production rate and yield recorded was satisfactdry
the high salinity environment on Cband ammonia 505 nf day® and 0.15 kgCh kgCODremoved,
nitroge™®. In the case of anaerobic salt bacteriarespectively but reduced down to 307 day’ and
Halanaaerobium lacusrosei better performance was 0.09 kgCH kgCODremoved which was due to
observef. Satisfactory dissolved organic carbon high NaCl accumulation in the digester of ngarl
(DOC) removal efficiency was also observed when the1000 mg L. In this study, the co-digestion of high
cell was able to rapidly acclimatize to high sajini NaCl RGWW and POME is satisfactory for COD
environmerit". removal but not for increasing the ¢idroduction. In

In this study, although COD removal efficiency the future, this research will be focused on higbeg
was not severely affected by high NaCl accumulatiorproduction and yield.
(4000 mg LY, the biogas and CHproduction rate
reduced significantly. Consequently it also effedctiee ACKNOWLEDGEMENT
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