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1. To EKETA pe Aiya AoyLa

» To EKETA &6puBnke to Maptio tou 2000 pe £€6pa tn Oecoalovikn, eivat Nopiko Npoowrno 16iwtikov Atkaiiov (NMIA), un kepdookorikou
xapaktipa kat emorntevetal anod tn Mevikn Mpappateio Epevvag ko Kawvotopiag (MMEK) tov Yroupyeiov Avantuéng kat anoteAel éva
Qo Ta onUavTKoTepa Epeuvntika Kevipa otnv EAAGSa kat tnv Evpwrn.

» Eilvat 1° EAANVIKO EPEVVNTLKO KEVTPO O€ Xpnpatodotnon pe 1500 Atopa TPOoowWITLKO.

» To Ilvotitouto Xnuikwv Aepyaocwwv Kot Evepyeltakwv Mopwv (IAEM) sival éva and ta nmévie (5) Ivotitovta tou EKETA pe kupla
armootoA tn Sle€aywyn Baolkng kot €PaPUOCHEVNG EpeuvaC oTtouC Topeic tng KaBapnc Evépyelag, tou MepitPdAloviog Kal Tou
KAlpatog, tTne Biwowung Avamtuéng kot tng Bliotexvoloyiag/Blolatpiknic.

» Mépog tou IAENM gival n opada Geo-Resources, Energy and Environmental Management (GREEN)

» I10x0o¢ tnGc opada GREEN esival n dteukoAuvon tng Hetafaong otn Blwolun eVEPYELD, N EKUETAAAEUON TWV YEW-TIOPWV, KABWC Kal N
BeAtiwon Twv nmepParloviikwy cuveBnKwv.

» H egpeuvntikn eotiaion tng GREEN givol Kupilwc:

AVTILETWTILON YEWAOYLKWY BgpATWVY TTOU adOopPOoUV TNV EVEPYELA Kol TO TLEPLBAAAOV.
AvTtipetwriion mepBaAAOVTIKWY {NTNUATWY OLITOKATACTOLONG OPUXELWV.
AvTtipetwriion mepBaAlovTkwy INTNUATWY VEPOU, AP KAl OTEPEWV PUTTWV.
MpowBnon ULOC ETILOTNLOVLKIC TTPOCEYYLONG O KPLotpa HETAAAQL.

Avamtuén neBodwv anobnkeuvong CO, kot H,.

ETLOTNUOVLKN TtpOCEyyLon o€ BEpata eVoTABELOG TpAVWV.

SRSt 1D =



2. EMOTNUOVIKO-EPpEUVNTLKO MPOOWTLKO

» To EKETA kot ocuykekpiuéva n opada GREEN tou IAEM amaptiletol ano
ETILOTAMOVEC Ol OToloL MECO ATO TIC TIPOTITUXLOKEC, METATTUXLAKEG &
OLOAKTOPIKEC TOUC OTOUSEC aAAA KOl TN OUVEXNH TOUC KATAPTLON Kol
EVOOXOANON TOUC LE EPEUVNTLKA TIPOYPALLATO EXOUV EUTELPLlO 0 BEpaTA
OPUKTWV MOPWV KOl TNE ETILOTAMNG TNC OPUKTOAOYLOC YEVIKOTEPQL.

» Evdelktika auta mephapfavouyv:

Epeuvntikn

* Atepevvnon LOLOTATWV METPWHATWV Yo okomoug amoOnkevong CO, kat H, d oudsa

, , , ) | Green

*  MEeAETN KAOTIKWV L{NHATOYEVWV TIETPWHUATWY B \Orivoc

*  Xpnon opuKTwv yLo. GapHAKEUTIKOUG CKOTIOUG

* Tewloylkéc Stadikaoieg kat omavieg yaieg (REE)

*  MEAETN CUYKEVIPWOEWV KPLOLUWV HETAAAWV Kol XPUOOU OE OPUKTA TIEPLOXWV

¢ EAAGSOG

*  MeA£€Tng W6loTNTWYV ELarmopLtwv

*  MeAétn amoPARTwY oo EE0PUKTIKES SPaOTNPLOTNTEC EpE,UVn“K”
opada Green

s MeAETN OLENPOUXWV KOLTOGHATWV [MToAepaidag




4. Npoypappata Xpnpatodotnong

(J H opada GREEN tou EKETA £xeL yvwon otnv Slaxeiplion £pywv TwWV EUPWIOUIKWV XPNUATOSOTOUHEVWV
TPOYPOLHULULATWV TWV £EAC KATNYOPLWV:

Research Fund For

Horizon 2020 HORIZON Europe

Coal & Steel (RFCS)

L Juykekplpéva ota poypappata Horizon 2020 n opada €xel eUTTAOKEL:

Coordination and Support Actions

Innovation Actions (lA):
(CSA):

Research and Innovation Actions
(RIA):




5. Evpwnaika Xpnuatodotovpeva Epevvntika Epya& EKETA

» Awapkewa: Matog 2021 — Antpidtog 2026
» Xpnuatodotnon: Horizon 2020

» Etaipot: Arverne, Avenia, BRGM, CERTH, CIEMAT,
Fraunhofer ISI, GALP, GEOSTOCK, GIG, HHRM, ICS,
IFP Energies Nouvelles, IGME, REPSOL, S3,
SYMLOG, Universidade de Evora, SCCS (University
of Edinburg), Vermilion Energy.

» Ztoxog: AELoAdynon TNG MPOOTITIKAG YEWAOYLKAG
amnoBnkevong CO, oe Babeig ahatovyoug
udpodopouc opilovteg (deep saline aquifers —
DSA).

» 2TO OUYKEKPLUEVO EpYyo TiEPL B AVETOL
UAOTIOLNON OPUKTOAOYLKWV OLVAAUCEWV OTA
TIAQLLO L0l TTETPOAOYLKOU XOPOKTNPLOOU TOU
Taplevtnpa CO, KOl TOU UTEPKELEVOU
adLOTEPATOU TIETPWATOC.

{2 PilotSTRATEGY

PilotSTRATEGY

‘. AUTOKAELOTO YL
" nepduata
amnoBrkevong CO,
HECW OpUKTOTIOlNONG

Xaptoypadnon  Kat
deypatoAnyia

TIETPWHATWV ota
mAalola. TOU €pyou
oTtnV  TMEPLOXN  TNG
Avutikng Makedoviag



https://pilotstrategy.eu/

5.Evpwnaika Xpnuatodotovpeva Epsvvntika Epya& EKETA

CONSENCUS Greece

» Awdpkela: Malog 2021 — ArnpiAdtog 2025
Xpnuatodotnon: Horizon 2020

» Etaipot: New Energy Coalition, WETSUS, COVAL Energy,
University of Groningen, Heriot Watt University, BGS, RGU,
DTU, EPG, CERTH, Net Zero Technology Centre, GEUS, OMV
Petrom, Grecian Magnesite, AALBORG Portland, DGC,
University of Calgary, Shanghai Jiao Tong University,
Zhejiang University.

A\

» ZtoxoG: Anuioupyia CCUS Clusters yia enitevén d€opevong,
gMAvVOXPNOLUOTIOINONG Kal armoBnkeuong Tou
gknepnopevou CO, amnod BLopnXavieg TOWEVTIOU, HayVNOLOG

Kol 5lU7\l0Tnpl0(- Satellite view of the Yerakini Mine in Chalkidiki, Greece, operated by Grecian
> Xpr']or] OpUKTOAOVlK(bV KOLL VﬁwnglK(bV ava)\(mewv yLo Magnesite. The unit will be installed close to Rotary Kiln No.3, in the red
! ' ' squared area. The long-term test cycles will focus on solvent stability and
NMPOoOLOPLOUO HETABOAWY TOU TTOPWOOUG KLl TNG

, , accumulation of unwanted residues. The scope of the long-term test cycles is
TepAToTNTAG O Tapevtnpeg CO,.

@& to perform >1000 h tests.

Mnyn: https://consencus.eu/demonstrations/

ConsenCUS


https://consencus.eu/

5. Eupwnaikda Xpnpatodotovpeva Epevvntika Epya& EKETA

ATLANTIS

» Awapkewa: ZentepPploc 2021 — Avyouotog 2024

» Xpnuatodotnon: RFCS

AstypoatoAnyia
KOlL LETPNOELC
ota mAaiola
TOU €pyou OTNV

» Etaipot: GFZ German, CERTH, PPC, GIG, PGE, Technical
University of Berlin.

» ZTOX0G: TEXVO-OLKOVOLLLKN LEAETN TNG LETATPOTIAG

emLpAVELAKWY aVOPaAKWPUXELWY OE UBPLOIKEG TEPLOXN TNG
EYKOTAOTAOELG amoBrkeuong evépyeLlag. Avamtuén AvTikng ,
UBPLOIKWY CUOTNUATWY PE AVTANOLOTOMLEVON MO"KEEf;’\Vlaq
UOPONAEKTPLKAG EVEPYELAG. QIO KEAN TNG
>N PEIS EVERYEEES opadag GREEN

> 10 TA0{OLO TOU GUYKEKPLUEVOU EPYOU TIPAYLOTOTIOLONKE tou EKETA-IAET

OPUKTOAOYLKOG XAPOKTNPLONOG TWV ALYVITIKWV artoBARTwWV.

AlL ANT/S A



https://www.atlantis-project.eu/

5. Evpwnaika Xpnpatodotovpeva Epevvntika Epya& EKETA

CEEGS

Awapkera: NogpPplog 2022 — OktwPplog 2025
Xpnuarodotnon: Horizon 2020

Etaipor: University of Seville, CERTH, EFG, HZDR, CSIC, GFZ
German, CIEMAT, ICS, Converge, ELPE.

2TOX0G: cUoTNA ATTOBNKEVONG AVAVEWOLUNG EVEPYELAG LLE
yewAoykn amoBnkeuon CO, kal mapaywyn YEwOepULKNG
EVEPYELQC.

>Tn SlapKeLa Tou £pyou Ba mpaypotomnolnbel
LoOVTEAOTIOLNGN XPNOLUOTIOLWVTOG OPUKTOAOYLKA SedopEva,
HETOEL AAAWVY, yla TN HEAETN TwV PeTafoAwv otn olvBeon
TWV PEVCTWV KATA TN YewAoykr anoBrikeuon CO,.

CEEGS

22D

N ¥ S

Mapouociacn tou €pyou CEEGS oto 36° supwrnaikd ouveédplo ECOS otnv

MoAwviae (2023). NnyA: https://ceegsproject.eu/2023/09/08/ceegs-presented-at-the-
36th-edition-of-ecos/

Juppetoxn tou EKETA oe
ekbnAwon ota mAaiola
Tou €pyou CEEGS



https://ceegsproject.eu/

5.Evpwnaika Xpnuatodotovpeva Epsvvntika Epya& EKETA

COALBYPRO
» MAwdpkela: lovAlog 2017 — louviog 2020

» Xpnpoatodotnon: RFCS

» Etaipot. CERTH, UJV, VUHU, GIG, Vysoka Skola
Chemicko-Technologicka v  Praze, Technische
Universitaet Bergakademie Freiberg.

» ZtoXo¢: Aflomoinon NG UTTAMEVNC TEPpPAC YL

\ .
© OpenStreetMap ('é’ﬁd) contributors, CQ—QY—SA

ouvBeon C(eoAlBwv kal edappoyrny TOUC OTN i
d¢opevon  CO, UECW  opuKTOoTOinoNG—=> T o saosourmos e
g\axlotonoinon MePLBAAAOVILKWY ETUMTWOEWY TWV ool Tt | it i

) , ) RN A kg e Ly vy L el
Slepyactwy Kaong yaLovpakwv KOLL /A; O essoromor

’ [ ’ /—\\M — A7~ liperia

nepBarlovtikn dLaxeiplon TaALWV ) < Gt
avOpaKkwpuUXELWV. it

A1 EAAGSa
A
Q 5 :

StreetMap (and)
© OpenStreetMap (and} jitors, CC-BY-SA

> 2TO £pyo QUTO TIPAYUOTOTIOLiONKOV OPUKTOAOYIKEG  [m—ueness
avaAUGoELg TIpLV Kal PETA TNV eloaywyn tou CO,, ota
mAaiola TG aéloAdynong Twv Poioviwy.

Neploxég SewypatoAnyiag uttapevng téppag otn Autikl Makedovia kat
MeyaAomnoAn

COALBYPRO


https://gig.eu/en/international-projects/coalbypro

6. ZUBHETOXN O SiKkTUL

JUMHETOXN
QVTLUTPOCWTIELOC

tou EKETA o€
workshop tou
ENERG

To EKETA cuppETEXEL evepyad oTa EupwTtaika

Siktua CO2GeoNet koL ENeRG,

ToL omtola mMpowBoUV TNV £€peuva, Tov SLAAOYO Kot

TN OULLUETOXN O€ projects mou oxetilovtal pe

OpPUKTOUC TIOPOUG.

JUUHETOXH TOU
EKETA o€
workshop tou
CO2GeoNet,
Oktwpplog 2023




7. Epyaotnpltakoc¢ EEomALopno¢ & AVAAUTLKEC
AuvatotnTe(

I'Ierpovp’acbtkeq e OTTLKO ULKPOOKOTILO
ovaAUGELG
5 o ¢ XRD
PUKTOAOYLKEG ) , , ,
e e SEM-EDS (rmapatripnon avaylvdou/smidaveiog)
e TEM
e |CP-MS

FEWXNUKESG aAVOAUOELG e XRF
e SEM-EDS (onpelokeg avaAloeLg)

Métpnon nicong &

. ® AUTOKAELOTO
Oepokpaoiog

Métpnon Nopwdoug * [Topooipetpo AlwTtou




8. E€onmAiopoc Epyaoctnpiwyv

QAVIXVEUCIUNOTNTA OTOIXEIO OTOIXEIO
H, C, N, O, F, Cl, He,
- Bruker S8 Tiger Low-ppm Li Ewg U Ne. Ar, Kr. Xe
Parr Series 4560 600mL - - -

BRORER

AutokAeloto opuktomnoinong CO,



8. E€onmAlopnoc Epyaoctnpiwv

I eoL Ltd. (Tokyo, Japan) JSMHITS00LV Mapatnprioets emuddvetas / avayludou
EDS (avaAutic tou SEM) Oxford AZTEC- X-Act & OTOIELAKEG AVAAUOELG

Noposipetpo Altitou Quantachrome Tristar 3000/ Tristar Il l\/!stpnon’nopwéouc, EL’6LKI‘]’§
Plus EMLPAVELOC, OYKOU Kol SOUAC TTOPpWV

TEM JEOL Ltd. (Tokyo, Japan) JEM-2011-HR MEeTPAOELG 0€ VAVO-UALKA

SEM N,-ropootuetpia TEM



8. E€onmAlopnog Epyactnpiwyv

E U 14 A ’ M _ U
QLVLXVEUOLLOTATA otoeia OTOLXELOL
ICP \ S Analytik Jenna PlasmaQuant MS elite S Sub-ppt Na €wg U H €wg Ne

m Bruker D8 Advance - - -
- N e
- (el

\“/ Y s

;Yf;_, \J - e
- ® SN = T

Enavw: ICP-MS
Aea: XRD



9. ANUOGCLEVUGCELG

A. XpRon BoCOATIKWY METPWUATWV
BoAou ywa anoBnkevon CO,

MPOKATAPKTIK MEAETN Yyl TNV
KaToaAANAOTNTA XpNong WV
NdALCTELAKWV (BaocaAtikwv)
TMETPWHATWY TOU BoOAou vyl
amoBnkevon Co, HEOW
OopuKToToinoNng (CO,-
mineralization).

H peAétn adopoloe TIC TEPLOXEC
MkpoOnBec Kol MNopduplo

nAnciov tn¢ Blopnxavikng wvng
Tou BoAou.

OL OPUKTOAOYLKEG, OPUKTOXNULKEC
Kal UOLKEC LOLOTNTEC LOLOTNTEG
TwWV  PBACOATIKWY — TETPWHATWY
£belte oTL HUropouv va
amoBnkevoouv Tepimouv  85.000
Tovoug CO, HEOW OpUKTOTOiNGNG.

minerals mbPY)

Article

Potential for Mineral Carbonation of CO; in
Pleistocene Basaltic Rocks in Volos Region
(Central Greece)

Nikolaos Koukouzas **, Petros Koutsovitis 2, Pavlos Tyrologou 100, Christos Karkalis '* and
Apostolos Arvanitis *

1 Centre for Research and Technology, 15125 Hellas (CERTH), Greece; tyrologou@certh.gr (P.T.);
karkalis@certh.gr (C.K.)

Section of Earth Materials, Department of Geology, University of Patras, GR-265 00 Patras, Greece;
pkoutsovitis@upatras.gr

Department of Mineralogy and Petrology, Faculty of Geology and Geoenvironment,

National and Kapodistrian University of Athens, Zografou, P.C. 15784 Athens, Greece

Hellenic Survey of Geology and Mineral Exploration (HSGME), 13677 Attica, Greece; arvanitis@igme.gr
*  Correspondence: koukouzas@certh.gr; Tel.: +30-211-106-9502
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Abstract: Pleistocene alkaline basaltic lavas crop out in the region of Volos at the localities of
Microthives and Porphyrio. Results from detailed petrographic study show porphyritic textures with
varying porosity between 15% and 23%. Data from deep and shallow water samples were analysed
and belong to the Ca-Mg-Na-HCO3-Cl and the Ca-Mg-HCO3 hydrochemical types. Irrigation wells
have provided groundwater temperatures reaching up to ~30 °C. Water samples obtained from
depths ranging between 170 and 250 m. The enhanced temperature of the groundwater is provided
by a recent-inactive magmatic heating source. Comparable temperatures are also recorded in
adjacent regions in which basalts of similar composition and age crop out. Estimations based
on our findings indicate that basaltic rocks from the region of Volos have the appropriate
physicochemical properties for the implementation of a financially feasible CO; capture and storage
scenario. Their silica-undersaturated alkaline composition, the abundance of Ca-bearing minerals,

low alteration grade, and high porosity provide significant advantages for CO, mineral carbonation.

Preliminary calculations suggest that potential pilot projects at the Microthives and Porphyrio basaltic
formations can store 64,800 and 21,600 tons of CO,, respectively.

Keywords: basalts; carbonation; CO, storage; hydrochemistry; regional heat flow

Mnyn: Koukouzas et al., 2019 (Minerals, MDPI)




9. AnHOOLEVOCELG

B. MEA£TN TWV YEWXNHULKWV

TLOLPOLLLETP WV OTIOVIWV YOLWV 1 "o e
(REE) o€ anoppippota minerals m\l,y 1.0 i
. s R ERN E 3
€£OPUKTIKWV R 138 ;
B = s r ]
Spaoctnplotitwy Reew e L 1A i
Geochemical Occurrence of Rare Earth Elements in Mining a " ] EME
Waste and Mine Water: A Review g f g :

¢ H ug)\stn EAaBE UT[Ol'IJn Konstantina Pyrgaki 1* Vasiliki Gemeni !, Christos Karkalis !, Nikolaos Koukouzas !, Petros Koutsovitis > oo L‘a cle v" N‘d s:n E‘u 6:1 '.b ol, :r H‘o zl. n.-‘ v‘o L:: i L.a T s:f N‘d s:n E‘u c:a T I;y Y o E.r ™ V’b l‘u

iy I, and Petros Petrounias 2 o oo

napanpolovta aT[O. Emmmrm =Nmrmu_o-m [ ot basin, USA Dm‘smm [ i basin, s -xz,,«,m,

! ! Centre for Research & Technology, Hellas (CERTH), 52 Egialias, Marousi, GR-15125 Athens, Greece; Appalachian, USA N Theace, Turkey 3§ Powder River basin, n A Powder River basin, USA taghveid/Wabank

E EO p U KthE q gemlem@cerﬂ'\.gr (V.G.); karkalisgécertl'\.gr (CK); koukaugzas@certh.gr (NK) - B o - : S Greece

Department of Geology, Section of Earth Materials University of Patras, GR-26504 Patras, Greece;

6 p ao-t r] p l.ét n -EE q Alvv i.-[ r'] pkoutsovitis@upatras.gr (PK.); Geo.plan@outlook.com (PP) 10 3
’ *  Correspondence: pyrgaki@certh.gr E
1 ’ 7 ]
Ka U 0 r] A'l-v\/ l-t r] (.l:8 d) p a ) Vi Abstract: Mining waste, processing by-products and mine water discharges pose a serious threat to i 1
I 7 the environment as in many cases they contain high concentrations of toxic substances. However, g 1 -
UTT OAE l.u uata € EO p V) E rl q they may also be valuable resources. The main target of the current review is the comparative study ) R
8 3
' ] of the occurrence of rare earth elements (REE) in mining waste and mine water discharges produced a 1
B w Elt r] ) d) w Od) O p l,Ka from the exploitation of coal, bauxite, phosphate rock and other ore deposits. Coal combustion ashes, _;_
, , , bauxite residue and phosphogypsum present high percentages of critical REEs (up to 41% of the total 5 SE 3
Tt Etp w uata’ aAAa € l_6 r] REE content) with ZREY content ranging from 77 to 1957.7 ppm. The total REE concentrations in C ]
heckf mine discharges from different coal and ore mining areas around the globe are also characterised i i
I
(T[ . X . T[ 0 p d) U p LKa Eperlcat:; by a high range of concentrations from 0.25 to 9.8 ppm and from 1.6 to 24.8 ppm, respectively. Acid 001 TR T s S T e YA Y O S T
b - ) : mine discharges and their associated natural and treatment precipitates seem to be also promising Ls Co PrNdSm Eu G To Dy ¥V Ho & Tm Yb W
’ Citation: Pyrgaki, K.; Gemeni, V.; . ) A ) . . K
E T[ Le E p u LKa K a ) rbntie sl AT - sources of REE if their extraction is coupled with the simultaneous removal of toxic pollutants. Legend
+\A. ¢ rmacon W w ey, usa [ sirscon, ctina
A semac, Cromms [ mnols besin, UsA Bl chere. Crina
@ rcosacion USA

Y I-I E p Lha MB dve l. Kal. Figure 2. Upper Continental Crust (UCC) normalised-REE patterns of: (a) coal ash [22,23,27], (b) fly ash [13,23], (c) coal

delypata amno to project
COALBYPRO Mnyn: Pyrgaki et al., 2021 (Minerals, MDPI)

waste [18,22,23,29]. Normalisation factors after Taylor and McLennan [15].




10. MeAAovtika Xpnpatodotovpeva EpyaAeia

Mo tnv avaAndn VEwv gpeuvnTikwyV Epywv tou Ba BonBricouv otnv diepeuvnon twv OMNMY, xpnuatodotoupeva
gepyaleia mou pmopoUlv va otnpiéouv tnv vAomoinon Toug eivat:

EOVIKG M . Evpwrnaika
vika Npoypappota Trsaresms
[ I I I
E 0 — K 0 2021-
EA.IA.E.K PELVW ;LCL)\/Z(;touw RFCS: Annual Calls Horizon Europe EitRawMaterials
| v I
E.N" 1: Quoikég Coal :
> , * . : Ekmabeutika
ETULOTAES E.N" 4: NepBarov Accompanying NuAdvog 2: > —
& Kukhwn Measures , pro]
_ Owovopia MayKOouLEG
E.N" 8: T(POKANOELG Kol _
»  Evépyela & EUPWTTAKN . Projects
MNepBailov BLOMNXQAVLKN Katvotoutog
QVTAYWVLOTLKOTNTA
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