AKPWVOLUIO: CoCCUS| Acronym: CoCCUS

APAXIH EONIKHI EMBEAEIAL: <EPEYNQ-AHMIOYPIQ-KAINOTOMQ - B’ KOKAOG»
AvamToén Texvohoyiag déopevong CO, amo KaALOAEPIA EVEQPYOROPWY BIOUNXAVIWV UE TN
xpnon vdatikoL diaAbuaTog K,CO,4 Kal VE®Y eVILPIKWYV KATAALTWY YIA TNV AfloTToinon ToL
oTNV TTAPAYWYN TTPOIOVTWY TPooTIBEUeVNG aiag

“RESEARCH CREATE-INNOVATE”

Cost-effective CO, Capture and Utilization from magnesite/lime industry using
enzyme boosted K,CO, solvents

ENAVEK 2014-2020 =
SRS T ZELlA
_— EMIXEIPHMATIKOTHTA =m 2014-2020
Eupwnaiki ‘Evwon KAINOTOMIA avanwgn - epyaoia - aAAnkeyyin

Eupwnaiké Tapeio
Mepupepelakhg Avantugng

Me tn ouyxpnuatoddtnon tng EAAMASag kal tng Eupwnaikng Evwong



APAXIH EONIKHX EMBEAEIAX: «kEPEYNQ-AHMIOYPIQ-KAINOTOMQ»
EibikA YTnpeoia Alaxeipiong EmixeipnoiakoL MNpoypduuatog AVIAy@VICTIKOTNTA
EmixeionuaTtikotnTa kai Karvotopia (EYA EMAVEK) EiSikn Yinpeoia Alaxeipiong kal Epapuoyng

ApaoewV O0TOLG ToWEIG Epevvag, TexvoAoyikng AvarmTuéng kal Kaivotopiag (EYAE ETAK)

MAPEMBAZH: Il. Youtmpageig Emyeaipnoewy pe Epevvnrikovg Opyaviouovg
TOMEAZL MPOTEPAIOTHTAZL: 4-MBA: MepipaAAov kai Biooiun Avamnrtoén
MNEPIOXH: 4.8 ATHOOpAIPIKR pOTTAVoN

KATHIOPIOMOIHXH Horizon 2020: 31049394

MIS (ON): 5134532

EKETA

f  EBNIKO KEN

.’ Solmeyea

O\

GRECIAN MAGNESITE
EAAHNIKOI AEYKONI©OI

ANONYMOL FENIEH ETAIPIA TEIMENTON

CaO(@) HELLAS

Natural

Chemicals

KQAIKOY EPTOY: T2EAK-02899 (Kwbikog Eveépyeiag: 2230863)
Huepopunvia évapéng: 30/9/2021, Hugpopnvia Anéng: 29/11/2023

MNpolTToAOYICHOG: 996.932,75€

AIKQIOVXOI pOPEIC

(Zvvroviotng) EONIKO KENTPO EPEYNAX KAI TEXNOAOTIKHX
ANATTYZHL/ INITIZTOYTO XHMIKQN AIEPTAXIQON KAI ENEPTEIAKQN
MOPQN (EKETA/IAEM) (E.Y. & ZuvTovioTNG Epyou Ap. M. FTpaupéAng)

EONIKO IAPYMA EPEYNQN, IvoTiTouTo XNuIKAG BioAoyiag (EIE-IXB)
(E.Y. Ap.T. IkpéTag)

SOAMETIA MONOMPOIQMH I.K.E. (SOLM) (E.Y. B. I1evdg)

EAAHNIKOI AEYKOAIOO! ANQNYMOS METAAAEYTIKH,
BIOMHXANIKH & NAYTIAIAKH ETAIPEIA (GM) (E.Y. X. NIavvoLAGKNC)

ANQNYMH TENIKH ETAIPEIA TIIMENTQN HPAKAHE (ATET) (E.Y. X.
Kovpng)

CaO HELLAS OEIYAAIKH AIBEITOMOIIA ABEE (CaO) (E.Y. T.
AnunTIA6NG)



RESEARCH-CREATE-INNOVATE

Ministry of Economy & Development, Special Secretary For ERDF & CF Managing Authority
Of EPANEK, EPANEK 2014-2020 Operational Programme Competitiveness —
Entrepreneurship — Innovation (EYDE-ETAK)

INTERVENTION: II.Business Partnerships with Research Organizations
PRIORITY AREA: 4: Environment and Sustainable Development
AREA: 4.8 Air pollution

Horizon 2020 CATEGORY: 31049394, MIS: 5134532,

PROJECT CODE: T2EDK-02899

Start Date: 90/9/2021 End Date: 29/11/2023

Budget: 996.932,75€

Beneficiaries

(Coordinator) NATIONAL CENTER FOR  RESEARCH AND
% EEBL(IE]-IK-QTPO TECHNOLOGICAL DEVELOPMENT/ INSTITUTE OF CHEMICAL
EPEYNAT & TEXNOAOMKHE PROCESSES AND ENERGY RESOURCES (EKETA/IDEP) (E.Y. & Project

ANAMTY=HZ Coordinator Dr. P. Grammelis)

‘,’ NATIONAL HELLENIC RESEARCH INSTITUTE, Institute of Chemical
.Solmeyea Biology (EIE-IXB) (E.Y. Dr. G. Skretas)

SOLMEGIA MONOPROSORPI I.K.E. (SOLM) (E.Y. V. Stenos)

O\

GRECIAN MAGNESITE
EAAHNIKOI AEYKONI©OI

GREEK WHITE STONES ANONYMOUS MINING, INDUSTRIAL & SHIPPING
COMPANY (GM) (E.Y. Ch. Giannoulakis)

HERACLES CEMENT COMPANY ANONYMOUS (AGET) (E.Y. H. Kouris)

CEOHELLAS CaO HELLAS THESSALIKI ASVESTOPOIIA ABEE (CaO) (EY. G.

Natural Chemicals .
Dimitriadis)



Avamnrtoén texvoloyiag séogpevong CO, amd kavoaipia evepyopopwv Biounxaviav
pe TN xpnon vdartikob diaAbvparog K,CO; kal VE®DV €VILUIK®V KATAALTAV Yid TNV
alomoinon ToL TNV TAPAYWYN TTPOIOVTWYV TMPOOTIOEUEVNS aiag

AVTIKEIHEVO TOL £PYOL
To 2014, n EE cupgpvnoe va PEITE TOOAAXIOTOV KATA 40% TIG EKTTOUTTEC AEPICY TOL BePUOKNTTIOL PEXEI TO 2030, Ot CLYKPION
bE Ta erTieda Tov 1990, oe OAOLG TOLG TOWEIC TNG OIKOVOUIAg. To Yeyovog avTd ATToTéAETE TN PACN TNG Séopevong TNG EE oTo
TTAQIOIO TNG ZLPPWVIAG ToL MAPICIoL YIa TNV KAIUATIKA AANayr. H ocLykekpiuévn cLVONKN Bétel OTOXOLS YIa SIAPOPOLG
EVEQYOROPOLG KAASOLG TTOL CLVEICPEPOLY CNUAVTIKA OTIG EKTTOUTTEG CO,. Evag amd auTolg gival of  PIoPNXAvieg TTov
EKTTEUTTOLY OPLKTOAOYIKNG TTPOEAELONG CO, TO OTTOIO EKAVETAI KATA TNV TTAPAYWYN TOL TTPOIOVTOG. A ALTEG TIG TTEQITTTWOEIG
Koiveral avaykaia n avarmrougn Texvo-OIKOVOUIKA EAKLOTIKQV TEXVOAOYIWV §£0ueLONG Kal aglotroinong Tou CO, £TC1 OTE VA
€€QCPANOTE N ATTPOCKOTITN AEITOLEYIA TOLC KAI N PEIOTN TOL TTERIRAAAOVTOAOYIKOVL TOLG ATTOTLTTHATOC.
110 CoCCUS, avTikeihevo gival n avamroén texvoloyiag séopevong CO, ATt KALOAEPIA EVEQYOROPGWYV BIOUNXAVICV HE EYYEVEIG
eKTTOUTTEG CO2 TTOL TTIPOEPXOVTAI ATTO TNV EMMTEAOLUEVN SlEPYATia, pe xPNon SIaAVUATOG K,CO,4 KAl VEWY eVIOUWY KAPPROVIKGWV
avudpaocwv (KA) hye okottd TNV agiotoinon Tov kaBapoL CO, yIa TNV TTAPAYWYN TTEOIOVTWY TTPOCTIOEUEVNG a&iag. ATTO TIG
SIAPOPEG €TMAOYEG yia TNV aglotroinon Tou CO, TO £PYO ETTIKEVIOWVETAI OTN UETATOOTIN TOL O€ TTPWTEVEG XPNOIUES YIA TNV
TTAPAYWYN TOOPIUGV.
Me Tn cLPTTPAEN SVO EEEISIKELUEVMV EQELVNTIKGV OPYAVIOUGY, ToL EKETA kail Tou EIE, oI oTToiol £x0LV ONUAVTIKA EUTTEINIA OTNV
EKTEAEON EPELVNTIKAV EQYWV HPE OKOTTIO TNV aAvamTuén KaIVOTOMWV TeXVOAOYIQV, Oa emTeuxBei n aAvakaAvwn Kal o
XOPAKTNEIOPOG BepuOoavOeKTKOV VLUV KA, TTOL ammoTEAOLY TOV KATAALTN TN déocuevong CO, (EIE). ITn ocuvexeia avta Ba
SoKIUaoTOoLY OTNV TTAOTIKA Jovada décpevong Touv EKETA. Or Blopnxavikoi €Taipol Tou ¢pyou, CaO Hellas, EAANVIKoi AcUKOANIBOI
AE, ATET HPAKAHX, 6a avaAdpouyv va avaAbooLyV TIC TTooSIayRaAPES KAl TIC ATTAITACEIG/TTOOCAPMOYES TV HOVASWY TOLC ETOI
WOTE VA KATAOTE SuvaTA N EVOWUATWON OTNV TTAPAYWYIKN TOLg Siadikacia TNG TexvoAloyiag déopevong Tov CO2, evid N
eTaipeia Solmeyea 6a avaAdPel TNV KAANEQYEIQ KAl TTAPAYWYN €VOG OPYAVIKOL PAKOOWOPIOL (MWayIAg) HE OKOTTO TNV
SlgpebvNoN TNG SLVATOTNTAG TTAPOXNG MIAG TTEQIRAAAOVTIKNG RIOCIUNG ADCNG YIA TNV TTAPAYWYN PPOCINWY TTPOIOVT®Y. OAa
auTa Ba yivouv He TNV ATTOTEOLOG OTOXOG TOL £OYOUL Eival va ETMTOXEl PEION TOL TTEPIBAANOVTIKOL QAVTIKTUTTOL POVASWV
TAPAYWDYNG Payvnoiag/CaO/ToIuévTon, Kal TNV eKKivnon TNG OIKovouiag Tou CO2 pe TV digpebvnNon KAIVOTOPWY XAUNAOL
KOOTOLG (<25 € / tCO,) TexVOAOYIWV §ECUELONG AAAG KAl AEIOTTOINCNG TOV.
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Avamnrtoén texvoloyiag Sé¢opevong CO, amd kavoaipia evepyoPopwv Blounxavimv
ME TN Xpnon véartikob diahvpartog K,CO; kal VE®V eVILUIK®OV KATAALTAV Yyia TRV
alomoinon ToL OTNV MAPAYWYN TPOIOVTWYV TTPOCTIOEueVNG aiag

ITOXOI TOL £PYOL

v Epappoyn Ttexvoloyiag déopevong CO, XauNnAOL KOOTOLG (<25 € / tCO,) Tov Ba TapAyel eva LYNANG KABaPOTNTAG
pevua CO2 (>99%) £TO1 WOTE va gival EDKOAN N AfloTToinon TOL e KABOAOUL ) EAAXIOTEC AVAYKEG YIA TTEQAITEQG KABAPIOUO

v Emiteuén epyaotnpiakoL Babuov amodoong déouevong CO, >90%

v Algpebvnon TPOTIOL PREATIOTOTTOINCNG TNG TEXVOAOYIAG S€0UELONG KABWG KAl TNG KATAALTIKAG SIEQYACIAC PECW TNG
AVAKAALYWNG VEWDV VLUV KA pe OTOXO TNV €AAXIOTOTTOINCN TNG KATAVAADONG TOCGO TOL £v{OUOL/KATAADTN OCO KAl TOL
S1aAOTN (avBpPakIKO KAAIo, K,COj3). Na avakaAugBei éviuopo KA pe avioxn oe LWNAEG Beppokpaacieg (75 pe 85°C) kal
HMNXAVIKA QvTOxMN TTOL VA EAAXIOTOTTOIE TIC AVAYKEG O AvattANpwaon. To eviubuo Ba Ptrope va TmapaxBei o€ PIOUNXAVIKN
KAIUQKQ Pe KOOTOG TTOL VA EIVAI AVTAYWVIOTIKO OTIC SIABECIUES TEXVOAOYIEG.

v Agiormoinon CO, og¢ cLVOLACPO PE LEPOYOVO ATTO NAEKTPOALON PEC® AlE yia TNV TTAPAYWYN TTEOIOVIWY LWNANG
TPoOoTIBEUeVNG afiag (m.x. mpdAcivn peBavoAn) kal Ba emkupwbe (proof of concept) N TMapaAywyn TTEPAUATIKOG
EMPRERAIDUEVRV ACPAANDG KATAVAANCKOUEVWY TTOWTEIVQV.

v AlgpebVNON EVAAAKTIKWV TEXVOAOYIWV AgIOTTOINONG TOL TTAPAYOUEVOL KaBapoL CO,.

H emitevén TV MOPATAV® OTOXWV Ba CLPPAAEI CNUAVTIKA OTN MPEION TOL TTEPIRAAAOVTIKOL ATTOTOUTIWHATOSG POVASWY

AoPReCTOTTONAG/TTAPAYWYNG HAYVNCIag/ToIEVTORIOUNXAVIAG, Kal TNV ekkivnon TNG olkovouiag Tou CO, Pe TNV Sligpebvnon
KQIVOTOUWYV TEXVOAOYIQV AfIOTTOINGNG TOL

KAINGTOMIA
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Cost-effective CO, Capture and Utilization from magnesite/lime industry using
enzyme boosted K,CO, Solvents

Brief description of the project

In 2014, the EU agreed to reduce greenhouse gas emissions by at least 40% by 2030 compared to 1990 levels in all sectors of the
economy. This was the basis of the EU commitment under the Paris Agreement on climate change. This treaty sets targets for
various energy-intensive sectors that significantly contribute to CO, emissions.

There are cases of industries that emit “process” CO, of mineralogical origin that cannot be avoided, such as cement, lime and
magnesite production. For these cases it is necessary to develop techno-economically attractive CO, capture and utilization
technologies to minimize their environmental footprint and reduce their exposure to potential large CO, emissions prices.

The CoCCUS project develops a novel CO, capture system tailored to the flue-gasses of energy intensive industries with process
CO, emissions, using a K,CO4 solution and novel Carbonic Anhydrase (CA) enzymes. The pure CO, will be used to produce high
added-value products, such as proteins useful for food production.

CERTH and NHRF research institutes will also contribute in order to achieve the ambitious goals of CoCCUS as they have
significant experience in the implementation of research projects aimed at developing innovative technologies. NHRF is
responsible for the discovery and characterization of thermostable carbonic anhydrases, which are the biocatalyst of the CO,
capture technology. CERTH wiill test the new enzymes in pilot scale bioreactors. The industrial partners of the project, CaO Hellas,
Grecian Magnesite, AGET HERACLES, will analyze the specifications and the requirements / adjustments of their units in order to
enable the CO, capture technology to be integrated in their plants. Solmeyea will undertake the cultivation and production of
an organic macromolecule (yeast) using CO, and ammonia, in order to investigate the possibility of providing an
environmentally sustainable solution for the production of edible products.

The ultimate goal of the project is to reduce the environmental impact of magnesia / CaO / cement production plants and to
kick-off the CO, economy in Greece by exploring innovative low cost (<25 € / tCO,) CO, capture and utilization technologies.
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Cost-effective CO, Capture and Utilization from magnesite/lime industry using
enzyme boosted K,CO, Solvents

Main objectives of the project

v' Demonstrate a low-cost CO, capture technology (25 €/tCO,) that will produce a high purity CO, stream (>99%) so that it can
be easily exploited with little or no need for further purification.

v Achieve a laboratory CO, capture efficiency of >90%.

v’ Investigate ways to optimize the capture technology and the catalytic process through the discovery of new CA enzymes. The
aim is to minimize the consumption of both the enzyme/catalyst and the solvent (K,CO,).

v To produce a CA enzyme with high-temperature resistance (75 — 850C) and mechanical strength that minimizes the need for
replenishment. The enzyme should be able to be produced on an industrial scale at a cost competitive with available
technologies.

v Utilize CO, for the production of high value-added products (e.g. green methanol) and validate (proof of concept) the
production of experimentally confirmed safely consumed proteins.

v' Consider alternative technologies for utilizing the net CO, produced.
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