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Abstract

The aim of the study was to evaluate the effeatsirfig biopreparations on efficiency of
the co-fermentation process. Commercial bacteiigbreparations DBC Plus Type L,
DBC Plus Type R5 and yeast biopreparations weré imsthe study. The process of co-
fermentation of sewage sludge with grease trap ev&sim a production plant that
manufactured methyl esters of fatty acids was aealyin the laboratory environment
under mesophilic conditions. The sludge in the t@awas replaced once a day, with
hydraulic retention time of 10 days. Grease trapstavaaccounted for 35%wt.
of the fermentation mixture. The stabilization preg was monitored everyday based
on the measurements of biogas volume. Addition eEsy biopreparation to methane
fermentation of sewage sludge with grease trapeneatised an increase in mean daily
biogas production from 6.9 dm(control mixture) to 9.21df (mixture M3).
No differences in biogas production were found dtiher cases (mixtures M1, M2).
A similar relationship was observed for methaneteohin biogas.
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1. INTRODUCTION

From the standpoint of energy recovery, anaeroigiestion is one of the most
promising treatments for municipal sludge [1]. Rerimore, it is also the most
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frequent treatment technology in large and mediim®eswastewater treatment
plants (WWTP) [2]. Grease trap waste (GTW) is ustierd to mean solid
waste (scum layer) obtained from the flotation psxin a WWTP, which is
composed by several types of oil and fat. GTW isicslly collected and
disposed in landfills. However, this waste must dtabilized prior to the
disposal due to strict regulations and the problassociated with this type of
waste (such as foul odors). Anaerobic digestionhinlge used in order to
degrade and stabilize GTW along with sewage slu@®f®). An important
advantage of this method is that the same fadliien be used for sewage
sludge degradation, without additional investmersts. Furthermore, due to its
high lipidcontent, GTW represents an attractiverseuor biomethanization
due to the higher methane yield compared to prsteincarbohydrates [3,4].
Anaerobic co-digestion is a process where sevesiateg are used as substrates,
for instance, SS and lipid-rich waste [5]. Luogtari et al. [6] found that the co-
digestion of SS and GTW (from meat industry) im@dthe biogas production
and methane yield at low and high GTW concentrati@avidsson et al. [7]
evaluated the anaerobic digestion of these wastkatth and continuous pilot-
scale digestion tests and found that the additioGTW increased methane
yield and methane potential in batch tests. Hydislys recognized as a rate-
limiting step in the complex digestion process. rEfi@e, pretreatment is
necessary to make organic matter bioavailable ¢onticroorganisms during
digestion [2]. Biological pretreatment offers unigadvantages compared to
chemical or physical processes as it is environatefiiendly and neither
causes pollution nor needs special equipment [8}loBical pretreatment is
aimed at intensification by enhancing the hydraysiocess in an additional
stage prior to the main digestion process [2]. @jalal pretreatment can be
classified into 2 categories: (1) adding industf@l or endogenous enzymes
prior to anaerobic digestion processes; (2) addegific bacteria which can
release certain enzymes [10,11]. They have beemrstmimprove degradation,
dewatering properties of the sludge and to increasthane production, and
have been widely researched in laboratory andstidle plants [12].

The use of biopreparations can improve anaerolgcadation of lipids and act
as a catalyst for hydrolysis of long chain fattyidac Biopreparations are
biodegradable and harmless to the anaerobic treatprecesses and aquatic
ecosystems; in addition, their contribution to 8@D in the waste stream is
negligible. Biopreparations and enzymes have bsed in anaerobic treatment
of fat-wastewater [13-15]. However, there is a la€Kiterature regarding the
use of biopreparations for anaerobic co-degradati@olid-lipid waste such as
GTW and SS. Pretreatment of mixed sludge with emzymrior to the
anaerobic digestion was shown to improve the degi@a of the sludge and led
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to enhanced methane production [16-19]. The previiudies suggest that the
addition of exogenous microorganisms can improve trerformance of
anaerobic digestion systems. However, microorgasiiactivity can be affected
by many factors including the substrate, incubatiore, system configuration,
and environmental conditions (e.g. temperature pH). More research is
needed to determine if and when the addition ofonganisms to the anaerobic
digestion system will improve digestion rates aiutjhs yields.

The aim of this study is to determine the influerafeaddition of various
biopreparations to co-fermentation methane sewlagge of fatty wastes.

2. METHODOLOGY

2.1. Materials

Substrates were sewage sludge (SS) from municiaslewater treatment plant
(Silesian Region, Poland) (sediments were colledtech the pipeline that
supplied mixed sludge to the digester) and fattystevafrom a plant that
manufactured methyl esters of fatty acids (GTW).

The dry matter content of organic matter in sewslgelge was about 69%,
whereas for the mixture of sludge from fatty wasités value was about 72%.
The concentration of VFA was 2411.43 mg £{®OH /dni for sewage sludge
and 2537.14 mg C}E€OOH/dnt for the mixture. Characteristics of the the
substrates are presented in Table 1.

Biopreparations used in the study: DBC Plus Typ&\pe R5 DBC Plus, yeast
nutrients. DBC Plus cultures are a blend of harsnleaprophytic bacterial
strains originally isolated from the natural enwmeent which utilize non-
living organic matter as a food source. The baaterie selected micro-
organisms, carefully chosen for their capabilitybaddegradation to harmless
end products. Being saprophytic, they are not mphiz, toxic, caustic or
corrosive and therefore are safe to use, havingnarmful side effects. The
cultures are harmless to both aquatic and landtpland animals, and have
been released into marine, fresh water and sdaltrtrent areas with complete
ecological safety. DBC Plus Type L is a powder ewlea with surfactants,
buffer and enzymatic substances that acceleratevaof fatty deposits. DBC
Plus Type R-5 culture have been widely used in ileegetroleum products e.g.
diesel fuel. Biopreparations contain air dried ayaphilised bacteria of the
genus: Bacillus sp., Arthrobacter sp., Acinetobacter sp., Pseudomonas sp.,
Enterobacter sp. [20].
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Table 1. Characteristics of substrate

Index SS Mixture GTW

Dry matter [g/dr] 26.45 + 0.89 41.09 +1,07 | 431.52
Dry organic matter [g/dfh 18.13 +0.55 29.43 £ 0.65 281.87
Dry mineral matter [g/dri 8.32+£0.45 11.66 + 0.43 149.65

VFA [mg CH;COOH/dnf] 2411.43 £110.21 2537.14 + 34.29 -
Ammonium nitrogen

218.4+9.7 231.47 £ 6.47 -
[mg Nya/di’]
pH 6.22 £ 0,02 4.97 £ 0.06 -
Alkalinity [mg CaCQdn] 1406.67 + 956.43 993.33 + 703.64 -
COD [mg Q/dnT] 1689 + 646 1341 + 68.04 -

Table 2 shows contents of each substrate in tHeragentation mixture. All the
mixtures had similar weight concentrations of indial components. The
mixture Mk was a control mixture. BiopreparationB® plus L-type and DBC
plus R5 with the volume of 30 ml/d were added te thixtures 1 and 2,
whereas yeast bioperation was added only onceetonikture 3, with 20 g of
yeast dissolved in 350 ml of water. All bioprepamas had been prepared one
day before they were introduced to the bioreactor.

Table 2. Part of substrates in the mixture for @woretation

Mixture SS GTW Biopreparation
Mc -
M1 65% | 35% DBC Plus type L (30ml/d)
M2 d.m.o. | d.m.o. DBC Plus type R5 (30ml/d)
M3 yeast nutrients (20g/350 ml)

2.2. Sampleanalysis

Total solids (TS), volatile solids (VS), pH, alkaty, total volatile acids
(VFAs) and ammoniacal nitrogen (steam distillatioUCHI K-355) were
determined according to APHA (1995) standard meth@®logas production
was measured each day using the water displacemetitod, whereas the
methane percent in biogas was analyzed in a pertads analyzer
(NANOSENS). All gas results were calculated forngiard temperature and
pressure. The results of physical and chemical yaigalwill be used to
determine the effect of biopreparations on the seuand effectiveness of
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methane fermentation expressed as a degree ofiorgaiter removal and
specific methane yield.

2.3. Experimental procedure

Digestion was carried out using a 6.5 | glass maat 37C (Figure 1). The
reactor was operated in draw-and-fill mode witlenéion time of 10 days. The
mixture in the reactor was changed every 24 hdbesly biogas composition
and volume were analysed and recorded. Analysistioér indices for the
mixture released from the bioreactor was perforenegty 5 days. The reactor is
equipped in a system that maintains constant psowgsemperature, apparatus
for adequate mixing and an installation for biogapture (leveling cylinder and
the cylinder filled with a saturated solution ofdgaam chloride). The digester
was equipped in a water jacket for heating thegdufilling chamberin the
first part of the experiment, the reactor was feth\@ mixture of sewage sludge
and grease trap sludge. This paper presents tre at#tined during co-
digestion of sludge with grease trap waste additib85% per volatile solids
(VS). Next, bioperapartions were added to the mexterig. 2 presents the study
design showing the duration of each step.

Fig. 1. Digester set-up: (1) reactor, (2) influgB, effluent, (4) pump, (5) pH,
redox meter, (8,9) gas meter [3]

3. RESULTSAND DISCUSSION

The results of the physico-chemical co-fermentatioma fed-batch bioreactor
discharged from the fermentate are shown in TabBrg mineral matter, dry

Brought to you by | University of Zielona Géra Library
Authenticated
Download Date | 1/12/17 10:44 AM



172 Matgorzata WORWAG

organic matter and the dry weight of mineral durihg@ process remained
steady, but addition of biopreparations 2 and 3tkedhe increase in these
values by approximately 20%. Dry organic mattertire fermentate was
reduced by about 65% compared to the mixture feab(Tl). The VFA
concentration for the mixture added to the reactas 2537.14 mg /din
whereas this value for the mixture discharged fittvn reactor decreased to
937.14 to 457.14mg / dhfior the mixture control. In the case of mixturearid

2, the parameter studied remained at a similat.leve

STAGES OF RESEARCH
G 55+ GTW. S5+ GTWs
\‘f b= 55+ GTW+ DBC b
! - GTW Plus type L e yeast
\ - type Rs nutrients
>
8 1:35 36-55 56'65 66-75
[ y I A A }
i i Semi-continous
Semi-continous, Semi-continous, oot )
co- digestion, co- digestion, _ co-digestion,
control Mz, M2+ biopreparation 3oml/d M3+ biopreparation 20g/350ml

Fig. 2. Research schedule

The highest concentration of VFA 1897.14 mg /*dmas observed for the
mixture 3, which could have been attributed to th&oduction of the
biopreparation. The alkalinity remained at a simiével during the process but
it increased by about 20% at the end of the proedéies adding the yeast
biopreparation. The pH was generally not alterednduthe process, ranging
from 7.26 to 7.96. The concentration of ammonigogién remained steady, but
it increased by about 34% after addition of biopr@tion yeast nutrients.

Table 4. Biogas

Day Biogas driid Methane driid Methane %
Mc (1 - 35) 6.90 + 0.48 4.97 + 0.34 72.04 + 1.01
M1 (36 - 55) 5.88+1.40 4,23 +£0.99 72.13 £ 0.65
M2 (56 - 65) 6.95+0.19 5.08+ 0.16 73.08 £ 0.75
M3 (66 - 75) 9.21 +1.55 6.41 +1.08 69.79 + 3.82
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Table 3. Results of physicochemical measurements
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The level of biogas production during the processained at a similar level.
The Table 4 contains data on biogas content overetperiment. Biogass
production decreased between the 36th and 55tlofddne experiment. Adding
biopreparations 1 and 2 had no effect on increaliregbiogas production.
However, addition of biopreparation 3 was followsd an increase in biogas
production (Figure 5). The results show that methaontent also decreased by
appquimately 5% after addition of yeast bioperagian.
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Fig. 6. The participation methane and carbon diexidthe produced biogas
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As shown in Fig. 6, addition of biopreparations DB{is Type L and DBC

Plus Type R5 did not affect the composition of hkigg Introduction of

biopreparation yeast nutrients caused a decreasgeihane content of about
70% to 62%. Little research has been done on tHiiesl biologicals and their

influence on the process of anaerobic digestiosesfage sludge. However,
much evidence has been presented concerning tiedidiaheffects of enzymes
added over the methane fermentation process, sbavat they are likely to

shorten the process time [19] and reduce costsg2dJcan be easily controlled.
Furthermore, its products are innocuous to therenmient [22].

4. CONCLUSIONS

This study evaluated biopreparations used to iifiees-digestion of sewage
sludge with fatty waste. The results obtained durihe tests lead to the
following conclusions:

- The addition of biopreparations DBC plus the L @& did not improve
the efficiency of co-fermentation expressed in bB®groduction. Average
daily production of biogas was 6.9 §r6.88 dm and 6.95 drhfor Mc, M1
and M2, respectively. The increase in average dadgas production was
observed only after addition of the yeast bioperagaM3 (9.21 drf).

- The methane content in the control mixture, mixtur@nd mixture 2 was at
a similar level of around 72%. This level decreagadthe mixture 3 to
around 60%, and, after several days, it rose agaanound 70%.

- Compared to the daily introduction of bioprepanatidil, M2), its one-
time application (M3) helped improve the efficienafybiogas production,
suggesting the need for further research on thguémcy of the use of
biopreparation, which should focus on the bioprapans 1 and 2.
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WPLYW STOSOWANIA BIOPREPARATOW NA KOFERMENTAGY
OSADOWSCIEKOWYCH Z ODPADAMI TLUSZCZOWYMI

Streszczenie

Celem bada bylo okrelenie wptywu stosowania biopreparatow na efektysémocesu
kofermentacji. W badaniach zastosowano bioprepdmatyercyjne DBC Plus Typu L,
DBC Plus Typu R5 (bakteryjne) oraz ddae. Proces kofermentacji osadésiekowych

z odpadami tluszczowymi pochagymi z wytwérni estrow metylowych kwaséw
tluszczowych, przeprowadzono w skali laboratoryjmejwarunkach mezofilowych.
Osady w reaktorze wymieniane byly raz dziennie,yptzydraulicznym czasie
zatrzymania 10 dni. Odpady ttuszczowe stanowity 3%%&gowych mieszaniny
fermentacyjnej. Kontroli prawidtowsgi przebiegu procesu stabilizacji dokonywano
codziennie na podstawie pomiarustoprodukowanego biogazu. Dodatek biopreparatu
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z drazdzy do fermentacji metanowej osad&weiekowych z odpadami ttuszczowymi
spowodowat wzrostrednio dobowe]j produkcji biogazu z 6,9 Hidla kontroli) do
9.21dni (mieszanina M3). W pozostalych przypadkach (miesga M1, M2) nie
stwierdzono istotnych edic w produkcji biogazy. Podohrzaleznos¢ zaobserwowano
dla zawartéci metanu w biogazie.

Stowa kluczowe: biopreparaty, kofermentacja, ogpagzczowe, biogaz
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