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H éykpion g petamtoyaxng datpiPpng and to Tunua Emommung kot Teyxvoloyiog
[Teppdrrovtog tov Teyvoroykov [avemompiov Kompov dev vmodnAmvel amopotttmg

KOl 00001 TOV ATOYEMY TOL GLYYPAPEN €K LEPOLG TOV TpMpHaToG.



Me v olokAnpwon g TTuyoKng epyacioc, Oa NOsha va ekppdow Tig Beppotepec

EVYOPIOTIEG OV GTOVS avOp®OTOVE TOV GLVEAAPAY GTN VAOTIOINGN TNG.

Kotapydc, opeihm va ekppdowm Tig Oepuéc pov gvyapiotieg otov emPrémovia Aéktopa
Ap. Bupidn lodvvn, yio v mpodTtac1| Tov va acyoAndo pe avtd 1o Kovotopo 0pa, oAl
Kol Yo TV moAvTn Ponfeld tov, t cvveyn kabodnynon, v oUEPIOTN VTOCTHPIEN,

YVOGELS Kol GLUPOVAEC TOV oL TTapeiye KaBOAN T ddpKew TG EPYUCIOC.

[Swaitepec evyapiotiec Oa NOela va anevBived oto npocwmikd e Ecofuel (Cyprus) Ltd
v TV TPOBLUN TPOGPOPA TOAVTIL®V YVAOCEWMV Kol BoN0E10g 6TO EPYACTNPIKO TUNUO
¢ epyociog.

Téloc, Ba NBela Vo EVYOPIGTAC® TNV OKOYEVELL OV Yo TAL OGO EYEL KAVEL Y10 LEVQL,
KaBmg pe v KabnuePIV] GLUTAPAGTACT|, TNV VTOLOVY, TN KATOVONON Kot TV 0TIk

TOVG GKEYT GLUVEROAAY GTNV EKTAP®CT] TOL GTOYOV LOV.



IHNEPIAHYH

H mopovca dwtpiPn pe titho « Avagpdfia xdVeLon LOATIKOV YOAUKTOUAT®OV 0o
TETPEAAOELDN] amOPANTO Kol VYPA EAIDON KOTAAOUTO TAOI®MV » eKTOVIONKE OO TOV
Ytavpo lodavvov, petamtuyokd @ortnt] tov Tpnuoatog Emotiung ko Teyvoroyiog
[Teppdrrovtog tov Teyvoroywov [Tavemotnuiov Kompov. Eixe cuvoiikn didpkeia evog
étovg, oe&nydn vd v enifreyn tov Emikovpov Kabnynm Ap. Bupidn Iodavvn kot
oAoKANpOONKe Tov Mdio tov 2017.

IMa owdveg, n epumopikn vavtidio dadpapatiCel kabopiotikd poAo oty avdmtuén tov
TOYKOGUOV gUmopiov. Xtn onuepviy emoyn oebvhg vavtida dwakwvel mepimov 10 90%
oL OYKOL TOV d1eBvovg eumopiov eEacpariilovtag tnv e0pvOun Asttovpyia ko avamtuén
G TayKOGHoG owkovopiag. Qotdco, 1 debvig Kowotnta ek@pdlel TpoPANUaTIGHOVS
Kol avnovyieg mov oyetiCovral pe ™ Bardootia pomovon omd v voutiMa. Ot 0addooieg
LETOPOPES ATOTEAOVV L0 OTTO TG GNUOVTIKOTEPES TN YEG PUTOVOTG OTO TETPEANLO, OTOTES

TPOKVTTOVV GE UEYAAO PBaBud omd TiG AEITOVPYIKES OPAGTNPIOTNTES TV TAOI®V.

Ao TIG AEITOVPYIKEG dPACTNPLOTNTEG TOV TAOI®V TPOKVITOVYV CTUOVTIKECG TOCOTNTES
TETPEAALOEODV OTOPANTOV Kot KATAAOW®V OTT(G To. oevTvovepa (bilge water) to omoia
TopadidooVTaL 6TO AUV £TGL MOTE VO, VTOGTOVV TEPUTEP® EMECEPYACIN GE YEPCAIES
povaoes. H emeEepyasio avtdv TV amoPANTOV TPOYUATOTOEITOL LE TEXVIKES O1 OTOTEG
EMIKEVTIPMOVOVTOL GTNV OVAKVKAMGT Kot Ol GTNV OVAKTNOTN EVEPYELNG, £TCL AOLTNTE N
€100 YWYN VEOV KOIVOTOU®V TEYVOLOYLDV OTNV ENeEepyacio TOVG e GKOTTO TNV AvAKTNON

EVEPYELOG.

H mapovca epyacio éxer og 6Komd v £paproyn g avaepoPlag xdvevons oe vypa
Ao amdfAnta Kot Katdloto tAoiov kot 1 evicyvon mapaymyng pebaviov pe v
npocOnkn ovufatdv SoAvTdV ovcldv Kot onpov. EmmAéov Bo peiemBel o
GLVOLAG OGS avaepOProg ymvevong kot aepdfrag PloAoykng eneepyaciog e 6Komd TV
gvpeon Tov BEATIGTOL GLVIVAGHOD Yo LEYIGTN ATOUAKPLVGT TOV OPYAVIKOL (POPTIOn
Kot wopoymyn| peboviov.

H epyocio amoteleiton amd mévie ke@dloie. XT0 TPOTO KEQAAOMO, YIVETOL OPYUKEL
avapopd otig Baddooileg LETOPOPES Kot 6TV BaAdocio pOmavor Le 10taitepn avapopd
OTN TETPEANIKY] POTOVOT KOL OTO TETPEAOMOEDN OmOPANTO KOl KATAAOUTO 7OV

TPOEPYOVTOL AEITOLPYIKES dpactnpotteg Tov mioiwv. Emiong mapovcoudletar o
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OVOGKOTNGON KOl 0E0AOYNON TOV TEYVIKMY OV YPNGILOTOOVVTOL Y10l TV 00POVOTOiNoT
TOV TETPEAAOEODV OTOPANTOV Kot KATAAOM®V omd mAoia. 1o Oe0TEPO KEPAAMLO,
avaAvovTal ol PacIKES TTVYES KOl TOPAUETPOL TIG avaepdPlag xdvevons Kabwg Kot ot
KOVOTOUEG TTPOKTIKEG TOL Ba pedetnBov epyaoctnplokd Katd v avoepdfia xdvevon
LE OKOTIO TNV gVioyLoN Tapoywyns pebaviov kot v omodoTikn eneéepyasio TV VYPOV
eEMOO®MV amoPANTOV amd mAoio. XT0 TPITO KEPAAOO TAPOLGLALOVTOL OVOAVLTIKG Ol
Broymukég TexvIKES Kol To TEWPALOTA TOV TPAYUATOTOMONKAV GTO EPYOCTIPIO Y10, TNV
pHeAETN ™G depyaciog e avaepOPlog yOVELGNG KOl O GLVILOAGHUAG TNG LE TNV aegpOPla
Boroywmn emeEepyocio. XTo TETOPTO KEQAAMIO TAPOLGIALOVTOL KOl OVOADOVTIOL TO
OTOTEAECUOTOL TTOV TPOEKLYOV OO OAQ TOL TEPAUOTO. ZE YEVIKES YPOUUUES Ol opyLKOoi
otdyol Ko prrodo&ieg ekmAnpmOnkayv. Télog oto méunTo KePAAoo mopovslalovtol To
oLUTEPACUOTO TTOL EEAYOVTOL OO TO TEPAUATIKE OTOTEAEGHOTO TNG GLYKEKPIUEVIG

EPYOCIOG KOt EICNYNOELS Y100 LEAAOVTIKT EPELVA. .

SOUTEPAGLATIKA OO TNV TAPOVGA EPYOGTO dLoPoiveTOl OTL O BEATIOTOG GLVOLAGLOG Yid
HEYIOTN OTOUAKPLVOT TOV OPYOVIKOD QPOopTiov Kot mopaywyr] pebaviov amd voaTikd
YOAOKTOUOTO 00 TETPEAALOELON ATOPANTA KAl VYPA EAALDON KATAAOUTO TAOIWV Eival O
oLVOVACUOG aPYIKA avaePOPLog YDVELOTG LE TNV YPNOT GidNPOoL pUNdevikov 6BEvoug oe
ovykévipwon 5 gr/L xou émerto agpoPio emeEepyacio Siapkelag 48 wpmdv. ZVyKeKPIUEVD,
N mopay®yn Proaéplov KLHOIVETAL GE IKAVOTOMTIKA EMIMEd Kal 1) GOVOEST TOV PTAVEL
péxpt 75% pebdvio, eved n amo pLéikpuven opyovikov eoptiov mov emtvuyydveto etvor 50%
(28% mepiocdTEPN OMOUAKPLVGT OPYOVIKOD POopTiov omd amdPAnto mov eneepyaletat

uovo aepofiar).

AgEerg kKhewowd: Avaepofla Xmvevon, Zevtivovepa, [letpelarogidon AmoPAnta kot

Katérowra [TAoiwv, Zoppatéc Atwivtég Ovaieg, Zidnpoc.
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ABSTRACT

This Thesis titled "Anaerobic digestion of aqueous emulsions from ship petroleum waste
and liquid oily residues” drawn up by Stavros loannou, postgraduate student of the
Department of Environmental Science and Technology of the Cyprus University of
Technology. Thesis was conducted under the supervision of Assistant Professor Dr.
Vyrides loannis and completed in May 2017.

For centuries, merchant shipping has a huge impact in the development of world trade.
At present, around 90% of world trade is carried by the international shipping industry,
ensuring the smooth functioning and growth of the global economy. However, the
international community is expressing concerns related to marine pollution from
shipping. Maritime transport is one of the most important sources of oil pollution, which
derives to a large extent from the operational activities of ships.

The ship's operational activities generate significant quantities of petroleum waste and
residues such as bilge water which are delivered to the ports so that they can be further
processed in land-based units. The treatment of these wastes takes place through
techniques that focus on recycling rather than energy recovery, so new innovative

technologies are required to be processed for energy recovery.

This Thesis aims in the application of anaerobic digestion to ship’s bilge water and
enhancement of methane production by the addition of compatible solutes and iron scrap.
Also, the combination of anaerobic digestion and aerobic biological treatment will be
studied in order to find the optimal combination for maximum organic load removal and

methane production

The thesis consists of five chapters. In the first chapter, reference is made initially to
maritime transport and marine pollution, with particular reference to oil pollution and to
ship-generated wastes. It also presents a review and evaluation of the techniques used to
inactivate ship’s petroleum waste and residues. In the second chapter we analyze the basic
aspects and parameters of anaerobic digestion as well as the innovative practices that will
be studied in laboratory during anaerobic digestion in order to enhance the production of
methane and the efficient treatment of bilge water. In the third chapter are presented the
biochemical techniques and the experiments performed in the laboratory to study the

anaerobic digestion process and combine with aerobic biological treatment. The fourth
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chapter presents and analyzes the results from all experiments. Generally the initial
objectives and ambitions fulfilled. Finally in the fifth chapter presents the conclusions

from the experimental results of this study and suggestions for future research.

In conclusion, the best combination for maximum removal of organic load and methane
production from bilge water is initially Anaerobic Digestion with addition of iron scrap
in concentration 5 gr / L and then Biological Aerobic Treatment for 48 hours. In
particular, biogas production ranges at satisfactory levels and its composition reaches up
to 75% methane, while the organic load removal achieved is 50% (28% more organic
load removal from only Biological Aerobic Treatment ).

Keywords: Anaerobic Digestion, Bilge Water, Ship’s Petroleum Waste and Liquid Oily
Residues, Compatible Soluble Substances, Iron.



