Synergy 2013 Page 1 of 2

T UK SZENT ISTVAN
I | UN[VERSITY

FACULTY OF MECHANICAL ENGINEERING, GODOLLG

(Prﬁentaﬁons) C Posters _) C‘nﬁé—:‘nbers _)(___Spnnsurs _) ( Impressum _)

PAPERS

of the

I1l. INTERNATIONAL CONFERENCE of
CIGR HUNGARIAN NATIONAL COMMITTEE
and the SZENT ISTVAN UNIVERSITY,
FACULTY OF MECHANICAL ENGINEERING
and the XXXVI. R&D CONFERENCE of HUNGARIAN ACADEMY OF SCIENCES, COMMITTEE OF
AGRICULTURAL AND BIOSYSTEMS ENGINEERING

“SYNERGY
Engineering, Agriculture, Waste Management and
Green Industry Innovation”

™ ¢ SYNERGY
) &
b al® TECHNICAL DEVELOPMENT

file://E:\index.html 2013.10.15.



Page 1 of 1

Editors: Laszl6 MAGO, Zoltan KURJAK

Editor in Chief: Istvan SZABO

Published by: Szent Istvan University, Faculty of Mechanical Engineering, G6d6116 Hungary
Printed by: Szent Istvan University Press

Number of Copies: 200

CD ISBN 978-963-269-359-0

http://synergy2013.hu E-mail: synergy@gek.szie.hu

file://E:\htmI\Impressum.htm 2013.10.15.



Synergy and Technical Development (Synergy2013)
Godollb, Hungary, 13-19. October 2013
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Abstract.In our work we focused on the examination of theliapbility of microwave
pre-treatments of sweet whey prior to anaerobiestign. To quantify the structural
change of organic matters of sweet whey biochenoggjen demand (BOD), chemical
oxygen demand (COD) and biogas yield were usedoasal parameters. Our results
show that microwave pre-treatments are suitabknteance the biodegradability of sweet
whey. It was proved that the flow rate and ate sigegower intensity has also effect on
the biodegradability and biogas production of whimgreased intensity and decreased
flow rate has led to decreased solubility of organatters of whey.
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INTRODUCTION

The world is facing an energy crisis due to inciggoncern related to fossil use, i.e. environmakimpact,
climate change, finite availability and security safpply. Rapidly rising motor fuel prices and thehanced
needs for them has stressed to increase the bipfadlction. Biofuels are liquid or gaseous fuelsdm from
plants and residues such as agricultural cropsjaipah wastes and agricultural or forestry by-proigu

Professionals in food industry companies face thb tisposal costs of bio-wastes and the risingepof energy
sources. Nowadays the renewable energy generaimbe often connected to waste management techieslog
For example since an effective utilization of foiodustrial biomass waste has desired, the estaidiah and
optimization of an efficient biogas production pess from these waste materials is very importaoin fr
perspectives of both energy and environmental gssue

Food industry generates a huge amount of liquid aolid organic waste and by-products. Beside the
considerable environmental risk of waste, it hgead potential to indirect bio-energy productiondéaample in
anaerobic digestion (AD) process. Biofuel produttimm agri-food wastes can also contribute to makste
management more socially acceptable, sustainallecast effective (Nagy and Farkas, 2013). The amer
fermentation is a complex biological process degwetbin the absence of oxygen and in the presence of
methanogenic bacteria, that transforms the orgautistance into biogas (or biological gaseous neonposed
mainly from methane and carbon-dioxide (Kalmarlet2®10).

Digestion is the oldest technology for waste sizdlon and however less final waste sludge pradoatan be
achieved by controlled anaerobic decompositiois Verified, that the biological degradability afganic matter
of processed raw materials — such as solid washadge, lignocelluloses contained by-products- éféect on
the rate of digestion. Because of non-biodegradedueponents and large molecules (proteins, polysaimes)
of raw materials different kind of pre-treatments aequired to achieve an appropriate and econethianol
and biogas vyield.

Whey is an important by-product of the dairy indysin the case of conventional cheese technolbgyfinal
volume of whey is about 85-90% of the volume ofgessed milk. Two main whey types are produces iity da
technologies, acid whey and sweet whey (or chedsyWdepend on the procedure of casein precipitalibe
principal components of whey are lactose, protaim$ mineral salts. Approximately 150 million torfswthey
disposed in the environment world-wide every yeainty in developing region (Leite et al., 2000, 8add et
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al., 2007). It represents a large-scale loss afuregs and causes a strong environmental load beaHuhe
high organic matter content of whey and whey cowmdidairy wastewater.

The conventional waste treatment process is itsatfsuitable for producing stabilized whey waste doect
disposal (Siso, 1996). The technology of ethanohéntation from whey is developed in several caastr-or
instance several distillers producing ethanol fratrey are in commercial operation in Ireland, theAUshd
New Zealand, where about 50% of cheese whey is wsethanol production (Mawson, 1994; Siso, 1996).
most cases, the bio-ethanol producing from non-eotnated whey can be unprofitable, because of diae |
ethanol concentration in fermentation broth thetiltion process demands a lot of energy and it is
uneconomical.

In Hungary the utilization of whey and membraneasafed fractions of acid whey is used in whey bdeed
industrial product. The whey is also could be appede as raw material for anaerobic digestion mimal
feeding. Whey can be characterized by high chentggjen demand (COD) and biochemical oxygen demand
(BOD) and more than 90% of 5 days BOD is causethbipse content (Kisaalita et al., 1990). In theecaf
cheese whey the average fat content is less thtmeiacid whey and therefore the specific biogakraathane
product is less.

Despite the many theoretical advantages, the ab@edigestion is not widespread in the practicedafry
industry due to low dry matter content of whey,idaacidification and the problems of slow reactiavhich
causes a longer hydraulic retention time in a comtiis bio-system (Malaspina et al., 1996). Wheestign
process usually is carried out two major stagefiteeinvolves the conversion of complex compoutasimple
materials (for instance lactose into volatile acids polymers into monomers), in the second sthgeeind-
products of fermentation process are transforméa mmainly methane and carbon-dioxide by methanageni
bacteria (Goblds et al., 2008; Cohen et al., 1994).

Some pre-treatments assist or accelerate the lygisaf macromolecules or enhanced volatilizatibime most
commonly used process is the mechanical and combjtteermal and acidic or alkalic) methods as pre-
treatments of biogas and bio-ethanol technolodies,there are some experimental lab-scale and pdate
intensive system (assisted by microwave and ultradpto rapid digestion. Among pre-treatments, ov@ve
irradiation alone or combined it with other thermaald chemical methods is considered as an intepsoeess
with short process time and good ability to acatethe hydrolysis stage of AD process and to esghdime
specific biogas production.

The major advantage of MW heating over conventidthaimal methods is the volumetric heating, whieddis
to faster heat and mass transfer and shorter does. Application of MW irradiation combining \mitthe
oxidation process, such as ozonation, can als@hsidered to be promising technology as pre-treatrnefore
AD of high organic matter containing but less delgtzle sludge (Beszédes et al., 2009). Energy &aosfried
by microwave irradiation affect the biodegradapitf materials in two ways. Thermal effect is exgzed in the
increase of internal pressure of intracellular digeaused by internal heating and rapid evaporatigdrich
altogether can lead to cell wall disruption (Géetial., 2013). The non-thermal effect of high frency
electromagnetic field contributes to alter the atiiee of macromolecules with polarization of sidaios and
breaking of hydrogen bounds (Park et al., 2004;at@k et al., 2005).High efficiency of MW treatmeimtshe
biomaterial processing and also on the rate of at@meactions is often explained by the non-thémfi@cts of
microwaves due to the direct interaction of eletiagnetic field with molecules (Leonelli and Mas@0.10).
MW irradiation has been successfully adopted astrpagment method via the high energy dissipatibpadar
compounds of sludge.

There are several studies concluding that the MWhatk has advantages over the pre-treatment process
operating by conventional heating (Toreci et aD0®). Increasing effect of MW irradiation on and#co
digestion of organic solid waste was found, coméidethe substrate to bring 78% improvement waseaeld

after MW pre-treatment (Shahriari et al., 2012)eidp et al. (2009) reported that microwave heatingrionary
municipal sludge resulted in 2.5 fold increasesdfuble organic matter content related to the oot a pre-
treatment temperature of 90 °C.

Thermal and a-thermal effects of the microwave (MMWvadiation play role in the “hot-spot” overheagin
phenomena, and the different dielectric paramdteelb components led to selective heating manéfésh the
different thermal stress, which contributes inititensive degradation of cell wall components sagltellulose
and pectin (Banik et al., 2003). MW pre-treatmasiely has verified positive effects on cell wallstieiction and
releasing of organic matter into the soluble phbas¢,combining of it with addition of chemicals $uas alkali,
acid and oxidizer agents cause synergetic mechatismccelerate the decomposition under aerobic and
anaerobic condition., as well (Cheng et al., 2011).
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MATERIALS AND METHODS

Sweet whey was used for the measurements, whiotigimated from a dairy works (Sole-Mizo Ltd., Seeg
Hungary). For the microwave (MW) pre-treatments aaonirated whey fractions obtained from membrane
separation process were also used to test theeeffic of MW process on whey with higher organic teat
content. The membrane separation was carried oul(kDa ultrafiltration (UF) membrane made from
polyethersulfone (PES). Components of samples aeatyzed by Bentley 150 type infrared photometritk m
analyzator. Main characteristic of processed sasrgle given in Table 1.

Table 1. Main characteristic of whey and conceattathey

Protein Lactose Fat Total solids

[wo%] [w9%] [wo%] [wo%]
Whey 047+0.13 | 2.61#0.04 | 018+0.00  3.24+0.07
Viﬁ;‘;e””ated 0.73+0.16 | 3.59+0.09 | 0.34+0.08  5.36+0.24

MW pre-treatments were performed in a tailor-maderowave system; containing a continuously irradit
magnetron with changeable power in the range of Wl 700 W operating at a frequency of 2450 MHz.
Power of the continuously irradiating microwave meigon is adjustable by varying of anode voltageuph a
transformer with variable voltage. Experiments weaeried out in continuously flow system; volumetfiow
rate was varied by the speed of peristaltic pump.

The chemical oxygen demand of sample was meastipdiddted using colorimetric standard method (APRHA
2005). COD in supernatant was determined aftears¢ipn by centrifugation (12,000 rpm for 10 mirg)tand
prefiltration (0.45um Millipore disc filter). The biochemical oxygen mand (BOLR) measurements were
carried out in a respirometric BOD meter (BOD Orédt, Lovibond, Germany), at 20 °C for 5 days. Tota
organic carbon (TOC) content of sample was analymedeledyn Tekmar Apollo 9000 type TOC analyzer
using 750 °C furnace temperature.

Batch mesophilic biogas production tests were edraut triplicate in continuously stirred reactecgiipped by
Oxitop-C measuring head applied pressure operatimgde (WTW GmbH, Germany). Bottles had a total vadum
of 500 mL with a free headspace of 350 mL for gaipction. For each anaerobic digestion (AD) tésish
mesophilic anaerobic seed sludge was used supfiged an anaerobic digester of the local municipal
wastewater treatment plant (Szeged, Hungary). pkthefmixed sludge was adjusted to 7.6. Reactore wer
purged with nitrogen gas to remove oxygen from blodtles. AD reactors were placed in an incubator at
3740.2°C in dark. Biogas volume produced in AD gesfas calculated from the pressure increment ofl hea
space of sealed bottles

RESULTS AND DISCUSSION

In our experiments the effect of volumetric flowteamicrowave power intensity and the number cdtireent
were examined on the chemical oxygen demand (CODrhemical oxygen demand (BOD) and the ratio of
BOD to COD parameters. The BOD/COD shows the p¢agenratio of biodegradable part of total organic
matter content of processed whey.

Our results shown, that the concentrate fractiomefmbrane separated whey had lower biodegradatiikity
the non separated whey; although the COD has isededuring the membrane filtration. These resuts loee
explained by the relative higher concentration wft@ins and other macromolecules in the concenphése
which enhance the total organic matter contenttharkfore the oxygen demand of chemical digestidrtiese
types of components era known as heavier degratighid@croorganisms.

The experimental results have verified that the roviave pre-treatments are suitable to enhance the
biodegradability of organic matter contents of wheyat manifested in higher BQRnd increased BOJICOD
values. Microwave irradiation has effect on theictiure of macromolecules of whey therefore thelstity and

the ability of microbial decomposition was enhancesiwell. Similar tendency in BOD and Bg/OOD values
have been experienced after the microwave treatnodrthe concentrated whey.
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Table 2. BOIRQ and COD of microwaved samples

Sample v, pl\(glv\fl\ier l\lur(?fber COI_Dg BOD_E BOD5/COD
[Lh™] [W] | treatment (kgm™T | tkgm~] [%]
Whey - - - 89.0 24.8 27.87
Whey conc. - - - 100.0 | 22.1 22.09
Whey 6 290 1 102.1 | 41.1 40.26
Whey conc. 25 290 1 92.4 34.1 36.92
Whey conc. 6 700 1 91.9 44.8 48.73
Whey 25 700 5 100.2 | 43.6 43.55
Whey conc. 6 290 5 88.3 441 49.94
Whey 25 290 5 99.3 39.0 39.28
Whey 6 700 1 103.8 | 50.1 48.27
Whey conc. 25 700 5 93.5 441 43.86
Whey 155 490 3 1035 | 45.2 43.66
Whey 155 490 3 101.2 | 449 44.38
Whey 155 490 3 98.7 42.8 43.39

The most effective MW pre-treatment procedure pecedu2-fold and 120% increment in biodegradability
characterized by the BQITOD parameter for whey and concentrated whey easly (Table 2).0n the other
hand, taking into consideration the increment of(BZOD values, membrane separation as pre-treatment
before MW operations was not beneficial. It wasatoded, that the decreased volumetric flow rate tuthe
increased exposure time to MW irradiation resulbégher biodegradability by processing of whey atgb a
concentrated whey. It was also experienced, thgtenibiodegradability was occurred after MW treattmeith
higher power intensity.

Beside the biodegradability obtained from aerob#grddation process the biodegradability in anaerbimn-
transformation process was also investigated. iEffy of anaerobic digestion (AD) was characteribgdhe
specific biogas yield, expressed in biogas prodacper total solid (TS) content of digested whewyd dhe
generated biogas volume per total organic carb@QTconsumption during the AD process. Latter patam
gives information about the organic matter utii@at during the biogas transformation and suitakde t
characterize the biodegradability under anaerobncition.

| mmLig(TS) @mLig(TOC)| | mmLig(TS) @mL/ig(TOC)|
200 200 1
175 Ry 175
S 150 1 - 150
2 ©
> 125 T ; 125 4
< 100 1 € 1004
2 4
o 759 S 5]
50 T 50 4
25 T 25
0 T T T A 0
Cont. 6 155 25
Volumetric flow rate [Lh™] Volumetric flow rate [Lh™]
a) b)

Fig. 1.B Biogas yield of MW pre-treated whey sanspdg 280W (a) and 700W (b) MW power
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Related to the control (non pre-treated) sample Mi-treatments increased the biogas yield from whey
Specific biogas production of untreated sample r(62g;s) could be enhanced to 100 mkd@pplying 280W
MW pre-treatment with flow rate of 6 L/h, and toosle 120 mL/gs after 700W microwave power with 6 and
15.5 L/h flow rates, respectively. Differences beg¢w the biogas yield obtained from MW pre-treatmeses
with different flow rates were higher using the Bw 280W- intensity than that of experienced after-
treatment with the highest -700 W- power intensity.

Different tendency was observed between the effectdW pre-treatment on values of the TS based tard
TOC consumption based biogas yields, respectively. (1). There was not significant difference betwehe
TS based biogas production of MW pre-treated sasngjmlying different flow rates at MW power of 700W
but biogas production related to TOC consumpticowsthat decreasing the flow rate (and thereforeeiasing
the residence time in MW cavity resonator) had athgeous effect on the organic matter transformatiio
biogas, therefore the overall efficiency of AD pees was higher.

CONCLUSION

In our work we focused on the investigation of MWe{reatments on the aerobic and anaerobic
biodegradability of whey co-digested by sewage gdudOur results show that microwave pre-treatmargs
suitable to enhance the biodegradability of swdetydue to the increased ratio of BOD to COD. Is\weoved
that the flow rate and ate specific power intenkiig also effect on the biodegradability and biqgasiuction

of whey. Increased intensity and decreased floevhas led to decreased solubility of organic msiémhey.

Considering the specific biogas production was kated, that MW pre-treatments increased the biggad of
processed whey and membrane separated concenwétidry approximately 66%, and 42%, respectivElgta
obtained from whey co-digestion with sewage slutigee revealed a 60% reduction in the lag-phasef A
process using high intensity MW pre-treatment (70®u¢h low (6 Lh?) flow rate. Taking into consideration of
the degree of anaerobic decomposition charactebyeithe ratio of produced biogas volume to the oamed
organic matter (given as TOC) during the AD proceas be concluded that the MW pre-treatments with
optimized process parameters did not decreasdftbiercy of the process.

Therefore, beside the sufficient organic matteraeahefficiency, the biogas production could beréased with
accelerated biotransformation what indicate a highpacity for an industrial scale continuously degester
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