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1. Nepypadn tou épyou
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KUplot Ztéxol. H ouvoAwkr) avdaktnon TetpeAoiou KATtd TNV TPWToyevr Kol deutepoyevr £€opuln
KUHalvetal ano 35% ewc 45%, evw pla tprtoBadua péBodog e€6puéng mou pmopel va evioyUoEeL Tov
OUVTEAEOTN avaktnong katd 10-30% Ba prnopolos va CUUPAAEL TIEPALTEPW OTOV EVEPYELAKO POSLACUO.
H xpnon vavoowpotidiwyv otig dlepyaocieg BeATlwpévng avaktnong netpelaiou (EOR) amoteAsl pia
avaduopevn kal oAl eArilbodopa poacéyylon. O yevikdg otoxog Tou EOR-PNP eival va BeAtiotonolrost
TIC OLOTNTEG TWV ETUKOAUUPEVWY HE TIOAUUEPN vavoowpotdiwv (PNPs) mpog¢ tnv Kilvntomoinon
UTIOAELTIOEVOU TIETpeAaiou amd TOPWOELG TAULEUTAPEG LdpoyovavOpakwy. OL emi pépoug otoyoL
nephappavouv: (1) 2UvBeon vavoowuatdiwy emikoaAUUUEVWY e TToAUpEPH (PNP) kot otaBepomoinon
TouC o€ USATIKA HEoO e oUOTOCN TTOPOUOLA UE EKEIVN TNG AALNG TWV KOLTAOUATWVY USpoyovavlpakwv
(m.x. vpnAn aAatotnta). (2) BeAtiotomoinon Twv WOLOTATWY TWV ALWPNUATWY OTn KatevBuvon TNng
KLVNTOTIOINONG UTIOAELTTOUEVWY KAl TIAYLOEUUEVWY YayyAlwv TeTpeAaiov amod tov mopwdn xwpo. (3)
Avamntuén kal xapaktnpLopog otabepwv Pickering yoAaKTwHATWY Kol adpwv Kal n SOKLUN TOUG WC LECWV
XNULKAG MANUUUpAG o poviéda topwdn péoa (Siktua mopwv xopayuéva o YUoAL Kal KAIVEG Gupou) Kal
TIUPNVEC METPpWHATWVY. (4) Mpooappoyn TG cUVOEDNG KOL TWV BLOTATWY TWV «EEUTIVWV PEUCTWV» TIOU
Baaoilovtal ota PNPs pe xprion Twv anmoTeEAECUATWY TwV EOR SOKLUWV Kal ETIAOYH TWV TILO ArtoS0TIKWY
PEVOTWV OO TEXVIKN KOl OlKOVOoULkr droyn. (5) Avamrtuén aplBuntikol s€opolwtr TG MOAUDAOLKAG
PONG TWV «EEUTVWYV PEUOTWY» O SIKTUA TIOPWYV, AVOKATUOKEUAOUEVA a0 3A €IKOVEG UTIOAOYLOTLKAG
ULKpO-TOpOoypadlag METPWUATWY KOITACUATWVY.

BaOLKEG SPAOTNPLOTNTEG. JUVTEDNKAV QPKETEG KATNYOPLEC YPAUULKWY KOl TUTIOU XTEVACS TPL-TIOAULEPWY
e TIOAU LEPLOUO eAeVBEPNG pilag, evw avamtuxdnkav pe xnueia kapPadiuidiov apdipuia tputoAupepn
LE OVLOVIKO OKEAETO Kal epBoAlacpéva pe udpodoBec alkuAkég aluaoidec. MpoabloploTnkav oL LBLOTNTES
TWV TOAUUEPWY Kal xpnolpomowndnkav ywa tnv otabepomoinon vavoowpatidiwv Sofetdiov tou
nupttiou. Emiong ouvtéBnkav vavoowpatidio ofeldiwv Tou oldrpou otabepomnotnpéva pe moAudalvoleg
ond GUTIKA ekyUAiopata paivtavol. EToluaotnkay apald olwpriUato VOVOOWHATISLUKWY GUGTNHATWY
UE Kol Ywpi¢ tnv mapouacia dtaddpwv TUMwY povooBevwy Kal S1oBsvwv oAdtwv wote va eAeyxBel n
otaBepdTNTA TOUC KATW Kal amd avtiéoeg ouvOnkeg. OL uSATIKEC VAVO-KOAAOELOELG SLOOTIOPEG
Xpnolomnotntnkav Kupilwg yla TV avamntuén Pickering yoAQKTWUATWY, OL UKPOOKOTUKEG KoL PEOAOYLKEG
LOLOTNTEG TWV omoiwv mpoaodloploTnkav Kol CUCXETIOTNKAY e TNV otaBepotnta toug. MetprBnkav ot
Slerudavelakég 1OLOTNTEG Kal N SLHPPEKTIKOTNTA yld OAQ TOL CUCTHHATA TIOU GUVTEBNKAV Ko
aflohoynBnke n KaAvOTNTA TOUG VA KLVNTOTOLOUV TtayLOeV LEVO eETpEAaLO. MpaypaTomo|OnKav OnTika
MEPApaTa SeUTEPOYEVOUG KOL TPLTOYEVOUG EKTOTONG TOU UTIOAEUTOUEVOU KOPECMOU TPOTUTIWV
udpoyovavBpakwv (k-6wdekdavio, mapadlveAaLo, CUVOETIKO EAALO) ATIO ALWPLATO VOVOSW LATLSLWV Kot
YOAOKTWHATA 08 SIKTUO TOPWV XOPAYHEVO OE YUAALVEG TIAGKEG. Ta TIAEOV QTTOSOTIKA OLWPNUOTA Kol
yaAoktwpata pe Baon vavoowpatidla ofeldiou Tou o1drpou SOKIUACTNKAV O OTAAEG QUUOU KAl OTh
CUVEXELO OE TTUPHVEG VOGS POUILTIKOU TIETPWHATOC TUTIOU Bentheimer. MNa tnv afloAdynon tng anodoong
Twv Sladopwv cuotnuATwy umoAoylotnkav dUo mopdueTtpol anddoong LoxVog Kal EVEPYELOC amd To
petaBatikd mpodiA tng mTwong mieong Katd PAKo¢ OAwv Twv mopwdwv péowv. JUAAEXBNKav Kol
tafvoundnkav vPnAng avaluvoncg dsdopéva umoAloyloTikig topoypadiag (CT-scan data) amod desiypa
Bentheimer kat €ywve Kat@AAnAn mpooapuoyr Tou KwdKa ovolKtn¢ mpocBaong Open PNM yiwa thv
ovakotackeu 3A SIKTUOU TIOPWV-AALLWVY KAl TOV TIPOCSLOPLOUO ULKPOOKOTILKWY (KOTOVOUEG HeyEBOUG
mopwv Aalpwy, aplduog ouvdldtaing) kabwe emiong Kal LOKPOOKOTILKWY WBLoTHTWVY (Slomepatotnta,
KOoUtUAN eioduong Hg, cuvteAeoTng oxnUaATIopoU). AvtioTolxn 2A avaKATOOKEUN KoL UTTOAOYLOUOG TNG
SlomepaTOTNTAC £YVE KAL VLo TO YUGALVO HUKPOUOVTEAO. Eylve MARPNG XAPAKTNPLOUOC TNG TOpWwooug
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SOUNAG TOU METPWHOTOC HE OUVOUAOUO TWV ATOTEAEOMATWV TNG 3A avOKATAOKEUNG HE OSebSopéva
TopouETpiag Hg kat aplBunTikoUg KwSIKEG avtioTpodng mpooapuoyng yla diepyacieg tunou Steicduonc.
MpayuatonolBnKe GUOTNUATIKY TIOPOUETPLK avaAuon tNng emidpacng tou Adyou EwWOWV Kal Twv
Slermudavelakwy W8LOTATWY yla Slepyaoieg elopodnong otn pkpo-kKAipaka 2A Siktvou mopwv (YuaAwo
ULKpO-UOVTEAD) Xpnolpomolwvtag tn uEBobdo tou mediou dacswv otn mAatdpopuo tou COMSOL pe
ouZeuén Twv eflowoewv Navier-Stokes kal tng e€lowong Cahn-Hilliard. Emiong cuoxetioBnke o TpLYoeLdNG
0pLOUOC PE TNV XWPO-XPOVIKA €EEALEN TOU KOPESHOU OTN HaKPo-KALpaKa 2A SIKTUOU TIOPWV YL ELCBOAN
Neutwvelou Kat pun Neutwvelou / ekBeTikoU peuaotou, e€opolwvovtag tn Slepyacia ektomniong os diktuo
OpwvV Ue Baon TV mpooéyylon tne Steioduonc eloBolng umo Babuida. MpocappodoTnKay KAtAAANAQ Kol
xpnolpomnotndnkav Kwdikeg e€opoiwong amootpdyylong / elopodnong o 3A diktua MOpwv-Aaldwy UTIO
olwvel ouvBNKeg Looppomiag yla Tov TMPOSSLOPLOUO KAUTTUAWY TPLYOELS0UC TIEONG KOL OXETIKWY
SlamepartotAtwy. AUTEG oL LBLOTNTEG TpododothBnkav cav Sedopéva el006ou g SuvapLKO e€opoLlwTh
ekToTioswV og peyaha 3A diktua yla tnv e€opoiwon tng amddoong avaktnong eAaikng ¢aong Katd T
£KYUON QLWPNHATOG/YAAOKTWHATOC UTIO 0TaBepsd puBUO PoN¢ o€ Upr VO TIOPWEOUG METPWHOTOG.

Nopadotéa. Avamtuxbnkav TMPWTOKOAO  TAPACKEUNG  VOVOOWMOTSwY, OlwpnUATwY Kol
VOAQKTWHATWY, npoodlopilotnkayv KoL taélvoundnkov ol BLOTNTES TOoUug
(https://doi.org/10.1016/].reactfunctpolym.2023.105521) kot emeAéynoav to AoV ota@epd cuoThpaTa
via EOR Sokwég. MpayupatomolnOnkav HeAETEG TNG anmodoong avaktnong eAaikng ¢aong Katd tn
Seutepoyevr] l0poPpnonN TwV «EEUTIVWV PEVCTWVY» OE HOVTEAQ TTOPWSN HECA (YUAALVO ULKPOUOVTEAO,
KALVN KOKKWV QUUOU) Kol TIUPAVEG PAUULITIKOU TIETPWHOTOG EVW ATO UETPNOELS TNG TITWONG Tieong
EKTLUAONKE TO evepyelako kOotog twv Stepyaocwwy (https://doi.org/10.3390/en16248043). Eytwve 2A Ko
3A QvaKOTOOKEUR TOU SIKTUOU TOPWV Yl TO YUGALVO ULKPO-UOVTEAO KOl TO TIOPWOEC TMETPpWHA,
avtlotoiywg, Kal avartuxdnkav aplOuntikol kwdikeg e€opoiwonc tng porg dvo pacswv Kal IPoBAePNng
NG XWPO-XPOVIKNG €EEALENG TwV SlEpyaoLwY EKTOTILONG OO TN KA{HaKa Tou TOpou otn KAlpaKka tou
nupnva. Meta and cUYKPLTIKA avAaAucn, Toutomownkayv to «EEumva peuota» Ue Tn péylotn EOR kal
gvepyelakr amnodoon. MNpaypatornotnBnke dinpepida (https://www.iceht.forth.gr/events/workshop-on-
advances-toward-the-transport-of-nanoparticles-in-porous-media-and-applications-to-residual-oil-
recovery/) mou Slepelvnoe tn SuvatotnTa XPrnong Twv epyoAelwv ou avamtuxdnkav OxL LOVO yLa TN
BeAtlwpévn avaktnon udpoyovavBpdkwyv oANA Kot yiot AANEG EDOPUOYEC OTIWGE N EMLTOTILA OTTOPPUTIOVON
eS0pwv Kol TAULEVTAPWY UTIoYEiwv USATWY pumtacuévwy pe udpoyovavBpakeg (doi:10.1088/1755-
1315/1123/1/012064).

2. JupnepaopaTa

AnoteAéopata: Movo ta cuotrpota mou Bacictnkav os ofeidlo Tou o1érpou mapnxbnoav os emopkeic
TMOOOTNTEG yla va yivouv SOKIPEG o O To TOpWSN HEoa. ALOOTWONKE onUAvVTIK HeTaBOAn TNC
SlamepatotnTag KoTd TN SLEAELON OLWPNUATWY AOYW TNE CUCCWHUATWONG Kol evamobeong cwpattdiwy
OTOUG TIOPOUG. Oplopéva YOAOKTWHATH EMESELEAV ONUAVIIKY amoS00n OVAKTNONG UTIOAEUTOUEVNG
eAaikng paonc. AlamiotwOnKke OTL OL TILO CNUAVTLKEC LOLOTNTEG ToU KaBopilouv TO HETAPATLKO TTPOTUTIO
S1baoIKNG pong Kal tTnv anddoon avaktnong eAaikng ¢aong elval Mpwtoyevwe o Adyog LEwdwv Kat o
TPLXOELONG OaplBUOG Kal Seutepeudviwg N SlaBpoxn, evw TBOVEG UETABOAEC Twv SlemibavelaKwY
6LoTNTWY AOYw TPOOKOANONG owHOTLOlWY OTLG SLETLPAVELEG £XOUV ULKPN €MiSpacn otnv TeAKn
avaktnon. Ol eE0UOLWOELG ECTLACTNKAV OTNV EMISPACN TWV MOPATIAVW TTAPAUETPWY OTNV XWPO-XPOVLKH
€€EALEN TwV SlepyaoLwV eKTOTILONG SU0 GACEWV OTN HLKPO- KOl LOKPO-KALOKA KOl Xpnolonotionkay yla
VO EPUNVEUTOUV TA TIELPAOTIKA ATOTEAECHATA. ALAMLIOTWONKE OTL LETAEY OAWV TWV TTAPAUETPWVY TIOU
UTtopoUV va pUBULOTOUV UE TNV €KXUOh vavo-KOANOelSwWY, n evdldpeon dlaBpoxn Kol o HeYAAog AGyog
LwOwvV elval oL O ONUAVTIKEG OLOTNTEG TIOU UMOPOUV VO QUENCOUV OMOTEAECUATIKA TNV amodoon
OVAKTNONC UTTOAELTTOEVOU TIETPpEAAioU.
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AvTikTtunog Kot TpooTtO£pevn agia.

Emiotnuoviko medio. AmoktnOnke texvoyvwaola Kol epnelpia otn cuvBeon, otabepomnoinon kat xpron
vavo-KOANOELS WV Kal yOAOKTWHATWY o€ Slepyaoieg Sipaaikng pong og mopwdn HECA TTIOU OTH CUVEXELA
aflomowBnke yla tnv avamtuén ouvepyaolwv, oe Béuata BeAtiwpévng €€opuéng metpeAaiou Kat
anoBrkevong dlofelbiou Tou AvBpaKa, PE EPEUVNTIKEG OUASEC OO TIEPLOXEG OTIOU UTIAPYEL ONUOVTLKN
napaywyn uvdpoyovavBpakwv (Hvwpéva Apafika Eppadrta). H avamtuén, o xapaktnplopog Kot n xpnon
yYoAoKTwHATwy Pickering pe Baon vavoowpatidia pmopel va elval MOAU XpAolun ylo mopopola
cuotAuata pe TEPLBAANOVTIKEG ebapUOYEC: (a) avaAmTuén yaAOKTWUATWY yla Xxprion oe Sladaveig
dwTtoavtdpaoThpeC yLa TN GWTOKATAAUTIKN 0feldwan SLoAUUEVWY pUTIWV Kal TTaBoyOvVWY TapayovIwy
og vdatika pevpata, (B) eppnveia tg cuunepldopdg kat mPOPAe PN TNG TUXNG TWV ETLPAVELOSPACTIKWV
PUMWV OTNV OKOPEOTN Kal Kopeopévn {wvn tou umedadoug He TLo SNUOPNEC TapAdelypa TIG
rmoAudBopo-aAkUALWUEVEC ouaieg (PFAS).

OWKOVOLKO Tedio. MeTtd amd QPKETA XPOVIOL TIEPLKOTIWY Kol HEIWONG Tou KOOTOUG, OL TIUEG TOU
netpelaiov €xouv apxioel va auvfavovtal. H ayopd mpoildoviwv PeATlwpévng €€0pulng e XNHLKN
TMANUUOpa kaBodnyeital amd tnv avénon g mapaywyng opyou TeTtpeAaiou, TIC aufavOopeveg
6paOTNPLOTNTEC YEWTPNOEWV O pPeydAa Badn kat tnv uPnAn Intnon yla mapopoleg Slepyacieg, evw
OVOUEVETAL VO ONUELWOEL UPNAN avamTuén amo WPLLEG YEWTPHOELC KAl QVETTUYHEVEC TIEPLOXEC KABWG
ETLONG KOL OTTO UTIEPAKTLEG EPAPUOYEG. € pakpormpoBeoun Baon, to PNP-EOR pmopel va odnynoetL otnv
KatoxUpwon He SIMAWPA gupeotteXViag VEWV XNULKWV ouolwv mou PBacilovtal oe vavoowpatidla pe
eMKAAUPN  TOAUMEPOUG  (KUplwg YOAOKTWMOTO) KOL OTNV  EUMOPEVHATONOINGH TOUC WG
«OVTOYWVLOTIKWV» TIOPAYOVTWV YL EGAPUOYES XNUKWV TIANUUUPWV. NopA TO YEYOVOC OTL OL EVEPYELOKEG
Kol TTEPLBAANOVTIKEG TIOALTIKEG TTOYKOOUIWG EUVOOUV TNV UTIOKOTAOTOON TWV OPUKTWV KAUGIHUWY amo
OVOVEWOLUEG TINYEC (AALOG, AveOG, USPOYOVO), N OLKOVOULKN OVATITUEN TWV BLOUNXAVIKWY XWpwV Ba
ouveyloel va e€aptatal amd TouGg EVEPYELOKOUG TIOPOUG TIETPEAAioU Kal GUCLKOU aepiou yLa TA EMOUEVA
30 xpdvia. 2 auto To Aaiolo, onotadnmote mpdodoc mpog T BeATIWPEVN avaktnon udpoyovavOpakwy
oo UTIAPYOVTEG TAMLEUTAPEG HE peBOSouC BeAtiwpévng e€opuéng Ba s€olkovounoestl mopoug Kat Ba
HELWOEL TO TEPLBAANOVTIKO AIMOTUTIWUO TTOU OXETIlETaL Pe TNV e€epelivnon, TNV avATTuén KoL Th xpnon
véwv meblwv

Kowwvikd ntedio. H votloavatoAikr) Meodyelog Kal ot Ldlaitepa oL meplox£G voTloduTtikd tng Kpntng, 16vio
Mélayog Kkat Avutikp EAANGSa Pplokovtol oOTO €MIKEVIPO yla €peuveg udpoyovavOpdakwv. e
HOKPOTIPOBEeaN BACN, N yvwaon Kol N EUNELpLa TToU amoktnBnke oto mAaiolo tou EOR-PNP Ba propouoayv
VOl CUVELODEPOULV OE [ia Kowwvia «Bacloiévng OTn yvwon» eKMAlSeVoVTAG LA VEQ YEVLA ETILOTNUOVWVY
KOl UNXOVIKWV LKOVWY VO EPYAOTOUV OTNV OVAMTUGCOUEVN €AANnViKn Blopnxavio aflomoinong twv
uvdpoyovavBpakwv. EmumpocOétwg, ot péBodol PeAtiwpévng e€opulng metpelaiov pmopolv va
anoteAéoouv onueio avadopdg yla TNV avAamTtuén TEXVOAOYLWY QIMOKATACTAONG TOU £6A¢OUC Kal TwWV
UTTOYELWV USATWY KL TOV HETPLACUO TNG TteEPLBAANOVTIKAG pUTIOVONG.
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Extended synopsis (abstract)
1. Description of the project
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Main objectives. Globally the overall oil recovery factors for primary and secondary recovery range from
35% to 45% and a tertiary recovery method that can enhance the recovery factor by 10-30% could
contribute to energy supply. The use of nanoparticles in enhanced oil recovery (EOR) processes comprise
an emerging and well-promising approach. The overall objective of EOR-PNP is to optimize the properties
of polymer-coated nanoparticles (PNPs) toward the mobilization of residual oil from reservoir rocks. The
specific scientific objectives are: (1) synthesis of polymer-coated nanoparticles (PNPs) by grafting
adequately synthesized polymers to the surface of nanoparticles, and their stabilization in aqgueous media
with composition similar to that of brine in reservoir rocks (e.g. high salinity); (2) optimization of the
properties of nano-colloids toward the mobilization of trapped oil ganglia from the pore space; (3)
synthesis and characterization of Pickering emulsions and foams and their testing as agents of chemical
flooding in model porous media (glass-etched pore network, sandpack) and core plugs of porous rocks;
(4) adjustment of the synthesis routes and properties of the PNP-based “smart fluids” by using the results
of EOR tests, and selection of the most efficient ones in terms of EOR and energy efficiency; (5)
development of numerical simulator of the multiphase flow and transport of “smart fluids” in pore
networks, reconstructed from 3D CT-scan computed tomography images of reservoir rocks.

Key activities. Statistical linear and statistical comb-type terpolymers were synthesized through free
radical polymerization (FRP), while, amphiphilic graft terpolymers comprising an anionic backbone,
grafted with hydrophobic alkyl chains, were prepared by grafting reaction based on the well known
carbodiimide chemistry. The properties of polymers were measured and used to stabilize commercial SiO»
nanoparticles. Also, iron oxide nanoparticles were synthesized by green chemistry routes, and were
stabilized by the polyphenols extracted from Parsley leaves. Dilute dispersions of nanoparticles were
prepared with and without the presence of salts of monovalent and divalent cations to check their stability
under adverse conditions, as well. The aqueous nano-colloid suspensions were used to synthesize mainly
Pickering emulsions, the rheological and microscopic properties of which were determined and correlated
with their stability. For all systems synthesized, the dynamic and static interfacial properties were
measured along with wettability, while their capacity to mobilize trapped oil was assessed. Visualization
tests of the secondary and tertiary displacement of the residual saturation of model hydrocarbons (n-
dodecane, paraffin oil, synthetic oil) by nano-colloid dispersions and emulsions were conducted in a glass-
etched pore network. The most efficient dispersions and emulsions, based on iron oxide nanoparticles,
were tested in sandpack columns and core plugs of Bentheimer sandstone. For the evaluation of the
efficiency of the various systems, two parameters quantifying the power and energy efficiency were
calculated from the transient responses of the pressure drop across each porous medium tested. High
resolution computed tomography-X-Ray scans of Bentheimer rock samples were collected and classified,
and the open access Python code OpenPNM was appropriately adapted to reconstruct the pore-and-
throat network and compute the microscopic (pore and throat diameter distributions, coordination
number) and macroscopic (permeability, Hg injection curve, electrical formation factor) properties.
Likewise, a 2D reconstruction and calculation of permeability was done for the 2D glass-etched pore
network. The pore structure of the Bentheimer sandstone was characterized in detail, by combining
results of the 3D reconstruction with Hg intrusion / retraction datasets and numerical algorithms of
inverse modeling for percolation-type processes. A systematic parametric analysis of the effect of the
viscosity ratio, and interfacial properties on imbibition processes at the micro-scale of 2D pore networks
(glass micromodel) was performed in the platform of COMSOL with the phase field method by coupling
the direct numerical solution of Navier-Stokes equations with the Cahn-Hilliard equation. With the aid of
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the viscous gradient percolation approach, the immiscible displacement of two fluids under high viscosity
ratio was simulated at the macro-scale of a 2D pore network to correlate the capillary number with the
spatial-temporal evolution of the fluid saturation during the injection of a Newtonian or a non-Newtonian
power law fluid. The foregoing micro-scale and macro-scale simulations were used to interpret
experimental results. Quasi-static and mechanistic-type simulators of drainage / imbibition in pore-and-
throat networks were adequately adapted to the characteristics of Bentheimer pore structure and used
to determine the capillary pressure and relative permeability curves. These properties were fed as input
data in a dynamic large-scale network simulator able to predict at core-scale the oil recovery efficiency
during the injection of nano-colloid / emulsion under constant influx rate.

Deliverables. Protocols were developed for the synthesis of nanoparticles, suspensions and emulsions,
their properties (https://doi.org/10.1016/]j.reactfunctpolym.2023.105521) were determined and
classified, and the most stable systems were chosen for EOR tests. The oil recovery efficiency was studied
during the secondary imbibition of “smart fluids” in model porous media (glass-etched pore network,
sandpack) and sandstone core plugs, whereas the energy consumption of the processes was estimated
from the transient response of the pressure drop across the porous medium
(https://doi.org/10.3390/en16248043). 2D and 3D-recosnstruction of the pore space was done for the glass
micromodel and porous rock, respectively, and numerical codes were developed for the simulation of the
two-phase flow and prediction of the spatial-temporal evolution of immiscible displacement processes
from the pore-scale to the core-scale. After a comparative analysis, the “smart fluids” with the maximum
EOR and energy efficiency were identified. A workshop was organized
(https://www.iceht.forth.gr/events/workshop-on-advances-toward-the-transport-of-nanoparticles-in-
porous-media-and-applications-to-residual-oil-recovery/) to examine the potential to utilize the
methodologies and scientific results of EOR-PNP not only for the development of cost-effective and high-
performance EOR methods, but also for the generation of innovative knowledge that might be helpful in
other applications, such as the remediation of soils and aquifers contaminated by hydrocarbons.

2. Conclusions:

Results. Only the systems based on iron oxides were produced in sufficient quantities to conduct EOR
tests in all porous media. During the flow of nano-colloids, respectable reduction of permeability was
realized due to the nanoparticle agglomeration and sedimentation in pores. Certain Pickering emulsions
demonstrated significant residual oil recovery efficiency. It was realized that the most significant
properties governing the transient two-phase flow pattern and the oil recovery efficiency are, primarily,
the viscosity ratio and capillary number, and secondarily, the wettability, while potential changes caused
on the interfacial tension due to the attachment of nanoparticles on the oil/water interfaces have small
effect. The numerical simulations were focused on the effects of the aforementioned parameters on the
spatial-temporary evolution of the two-phase displacement processes at the micro- and macro-scale, and
used to interpret the experimental results. It was confirmed that among all parameters controlled by the
injection of nano-colloids, the high viscosity ratio and intermediate wettability are the most significant
parameters that might increase profoundly the residual oil recovery efficiency.

Impacts and added value.

Scientific impact. Experience and knowhow was acquired on the synthesis, stabilization, and use of nano-
colloids and emulsions in processes of two-phase flow in porous media, and utilized to establish scientific
collaborations, in the topic of enhanced oil recovery and carbon dioxide storage, with research groups
from areas with significant oil production (UAE). The development, characterization and utilization of
nanoparticle-based Pickering emulsions might be very useful for similar systems with environmental
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applications: (a) development of photocatalytic nanoparticles-based emulsions and utilization in
transparent photo-reactors for the photocatalytic oxidation of dissolved pollutants and pathogens from
water matrices; (b) interpretation of the behaviour and prediction of the fate of surface-active pollutants
in vadose and saturated zones with most popular example the per,-polyfluoro-alkylated substances (PFAS)
which have become a category of emerging and high priority pollutants.

Economic impact. After several years of cost cuts and downsizing, oil prices have started rising. The
market size for EOR chemicals (smart fluids) is driven by increasing production of crude oil, growing deep
drilling activities, and high demand for EOR processes, and is expected to witness a high growth from
mature wells and developed regions as well as from offshore applications. In long-term basis, PNP-EOR
might lead to the patenting of polymer-coated nanoparticle-based chemicals (mainly Pickering emulsions)
and their commercialization as “competitive” agents for chemical flooding applications to oil-bearing
reservoir rocks. In spite of the fact that the energy and environmental policies worldwide favor the
substitution of fossil fuels by renewal energy sources (sun, wind, hydrogen), the economic growth of
industrialized countries will continue to depend on oil and natural gas resources for the next 30 years. In
this context, any progress toward the improved recovery of hydrocarbons from existing reservoirs by EOR
methods will save resources and reduce the environmental fingerprint associated with the exploration,
development, and utilization of new fields.

Social impact. The southeastern Mediterranean, and particularly areas located southwest of Crete, in
lonian Sea, and in Western Greece, is at the epicenter for hydrocarbon exploration. In long-term basis,
the knowledge and experience obtained from EOR-PNP could contribute to the creation of a “knowledge-
based” society by training a new generation of scientists and engineers able to work in developing Greek
oil upstream industry. Though, currently the growth of Greek upstream industry is not foreseen at short-
or long-term, the know-how and experience earned by scientists and engineers from their involvement in
EOR processes might be utilized on the design, development and implementation of remediation
strategies on contaminated sites to mitigate the environmental pollution.
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