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e Akadnuaikn/ EmtayyeApatikr topeia



2[MOYAE2

2004: Adaktoplko dimAwpa, Tupa MnxavoAoywyv Mnxavikwy,Navemiotiuio Oecoaliag “ZuykoAAnoetg
kKpauatwyv AAouuviou pue laser: MNepauatikn HeAETN Kat mpooopoiwan TnG dtauoppwong tng
Hikpodoung tng OEZ”

1989: AimAwpa Mnxavikou MetaMeiwv-MetaAoupyou, E.M.TT.

EKMAIAEYTIKA ZXOAEIA

Auyouotog 2013: Phase Field Method, Access e.V., Aachen, Germany
louviog 2008: Simulation of Phase Transformations, DGM, Germany

deppouaprog 1997: EUROLASER Academy, Laser Welding , Laser Surface Treatment, Laser Bending, University of
Liverpool, UK

AnpiAlog 1996: Computational Kinetics, Royal Institute of Technology, Sweden



Akadnpaikn/ EmayyeApyatikn MNMopeia

EONIKO
METZOBIO
NMOAYTEXNEIO

NMANENIZTHMIO
OEZZAANIAZ

NMEPIDEPEIA
OEZzAAIAZ

EBETAM A.E.

ITE/IHAA

2/08/2021-onpepa: 2xoAn Nauttnywv MnxavoAoywv Mnxavikwy, Emik. KaBnyntpla

07/2014-1/08/2021:Turua MnxavoAoywv Mnxavikwy, Epyactipto YAkkwy, E.ALI., A BaBuida

07/2002-07/2014:Tunpa MnxavoAoywv Mnxavikwy, Epyaoctripto YAtkwyv, ETEIT

1/2002-07/2002:Mepipepelakd Epyaotrnplo Anpociwv Epywv

11/2000-01/2002: lNMpolotapevn Epyaoctnpiou Mnxavikwyv & YOpauAlkwy AoKlpwyv
YrtevBuvn Movadag Bliopunxavikwy Epappoywv LASER
02/1992-01/2002: YrtevBbuvn Epyaoctnpiov HAektpovikhgc MikpookoTttiag & MetaAoypadiag

08/1990-01/1992: Topeag Epeuvvnuikwyv [Mpoypappdtwy

09/1989-07/1990: Yrtotpodia eldikevong & eknaidevong, Epyaoctnplo Edappoywv LASER



Meplexopeva

 EkmaldevutiKo €pyo



EKmaldeuTIKO €pyo

08/2021 - onpepa (En. Kabnyntpia) 01
o AXTOXIEE
Mpomtuywaka padbnuata MHXANONOCFIKON
2TOIXEIQN
MetaAAtka YAtka KAl KATAZKEYON

* YTOXPEWTIKO padnua 2°° e§apnvou

e 4°Cxpovog avtoduvapng ddackaAiag

Mnxavoupyikeg Katepyaoieg AtaBpwon & Mpootacia MetaAAikwyv YALKWYV
* YTOXPEWTIKO pabnua 3°° e§apnvou

e 4°Cxpovoc avtoduvapng ddackaAiag

Epyaotnplakeg
Emiotnpun & TexvoAoyia ZUyKoAARGEWV ZNHELWOELG
e MdBnua emAoyng 8°Y e€aunvou Odnyiec Epyaociag yia MKE
e 4°¢xpovog avtoduvapung didackaAiag * Alelodutika Yypa

* Mayvntukd Zwpuatida
e YmEpnxol

* Replica 7



EKmatdevuTtiko €pyo

08/2021 - onpepa (Emk. Kabnyntpia)

Metantuyiaka padénuata

AMNMMZ Navtiki kat Oalacola TexvoAoyia

YAwika Nauntnywkkwyv & OQalacoiwv Kataokevwv & M€B6odol Katepyaoiag toug
* YmoxpewTtlko padnua KatevBuvoncgll

e 3% xpovog ouv-ddackaAiag pe Kad. N. ToouBaAn

Aopkn Zuuntepldpopa Kat Zxedacuog Ymodalaocowwyv aywywv

* Kat’emdoynyv YtoxpewTtiko Katevbuvonc

e 3% xpoOvog ouv- ddackaAiag pe Kab. 2. Kappavo, kat Ka8. |. Xatdnyewpyiou



EKmaideutiko €pyo

08/2021 - onpepa (Emk. Kabnyntpua)

Metantuxiaka padnuazta

ANMZ Erotipn kot TexvoAoyia YAtkwv

®uowkn MetaAloupyia

 MaBnua emAoyng 1°° eéaunvou

e 3% xpovogouv didackaAiag pe Kab. I doupAapn
ZUYKOAAROELG

« Mabnua emAoyng 2 e€apnvou

e 3% xpovocg ouv dldaokaAiag e Kab. 2. NMaragubupiou

AMNMZ ZvotApata AUTOUATIONOU
ZUYKOAANoELg
e MdBnua emAoyng2° e€aunvou

e 3% xpovogouv didackaAiag pe Kab. 2. MNamaguvbupiovu



EKmaideutiko £€pyo

AMTAWHATIKEG EPYAOCLEC

08/2021 - onpepa (Emik. Kabnyntpua)

EniBAeWn AumAwpatikwy Epyaciwy
* 13 OAOKANPWHEVEG
* 13 oeeéeén

EntiBAen Metantuxiakwy Epyactwy
* 3 OAOKANPWHEVER
« 3 oe g&eMién

ErtifAen Atdaktopikwy AlatpiBwy

« 3 o €&eAén
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EkmoudeuTtiko £pyo

EKTtaldeuTiKoi oTé)X0L Kal Ttatdaywyikn otpatnytkn (1/2)

* Katavonon BepeAlwdwyv apyxwv Entotipng MetaAAikwv YAkwy, Katepyaotlwy, Aldfpwon¢ & SuykoAAnoswv

* JUVOEON TMPOYUATIKWY Blopnxavikwy mpoBANUATWY HE TO HAbnua

* Epyootrplo og OAa T MPOTITUXLOKA paBnpata pe umoxpéwon cuyypadnc EkBeonc Epyaotnpiou
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EKmaideutiko £pyo

EKtatdeuTtiKoi oto)Xol Kal tatdaywylkn otpatnytkn (2/2)

*  AMnAemtibpaon KpUoTAAALKAC SOUNG - H2

Awopopdpwolpotnta

* Oepukéc Katepyaoieg

Case studies /

ZuykKoAAnoelg: YAIKO + MNMapapevouoeg Taoelg +AlaBpwTtiko teptBaiiov— SCC
AwaBpwon: MNapouciaon mpaypatikwy tpoBAnpatwy. AvaAuon- Oswpia diaBpwonc-
HAektpoxnueia- Avaldntnon Avcswv & Npotdoelc.
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 Epeuvntikn dpaoctnplotnta

13



Meploxeg Epeuvntikng Apaoctnplotntag

1 ZuykoAARoelg HETAAALKWY LALKWV. Mnxavikeég & Oeppikeg Katepyaoieg
[ MpooBetikn Kataockeun (WAAM)
» 2UYKOAANoelg toéou
» 2UYKOAARoelg dla TpBNc Kat avadsvonc (FSW)
(d Avoé&eidwrtol xaAuBeg o tepBaAiov H2
» Metaoxnuatiopoi pdocewv

» Mnxavikn ocuptepidpopd

0 Zuoxétion Katepyaoiag-Aopng-I1dotAtwyv- Atodoong MetaAAikwy YALKWV
» [Npoocopoiwon eEEAENC PIKPODOOUNC 0 CUYKOANNOELC/OEPUIKEC KATEPYATIEC PE UTIOAOYLOTIKN BEppoduvapIKn,
UTTOAOYLOTIKN KlvNTikn kat phase field method

» Aotoxiec MnxavoAoylkwy Ztolxeiwv kat Kataokevwyv



Epsuvntikn dpaoctnplotnta

XpnupotodotoUevn €psuva

Enttotnpovikn YrevOuvn

2024-2026:  NICOLHY:NOVEL INSULATION CONCEPTS FOR LH2 STORAGE TANKS  https://nicolhy.eu/

BAM (DE), Uni Bologna(IT), NTNU(NO), DLR (DE) \I[ | }LHY
PoAog opadag EMM:

Agloloynon, Katataén & Emhoyn YAlkwv yia katoaokeun VIP ywa xprion og 20K
Avamtuén povtéAwv M

Mpoodloplopog Stadikacioc cuykOoAAnong ywa kataokeun VIP

2023-2025: BEATIZTOMOIHZH 2YTKOAAHZEQN FSW ZE KPAMATA AL-CU-LI

AT[EUGE('G'C XpnuaTOGéTnon ané EAB EAAHNIKH AEPOIMOPIKH BIOMHXANIA A.E.
2To)oL:
BeAtiotomnoinon ouykoAAjoewv FSW avopolwv kpapatwy Al (2099/2066)ue StadopeTIKO TAxog

Mnxavikni ocupmnepipopd Twv dtadopetikwy {wvwv tng cuykoAAnone (NZ, TMAZ, HAZ)

15


https://nicolhy.eu/

Epcuvntikn dpaoctnplotnta

Mé&Aog Epeuvntikig opadag

2023-2027: LH2CRAFT: Safe and Efficient Marine Transportation of Liquid Hydrogen https://lh2craft.e S »
HYDRUS(GR) BV(FR) RINA (IT) GABADI (ES) ABS (GR) WEGEMT (NL) TU Dresden (DE) |

KSOE(KR) UPatras (GR)
(E.Y. N. ToouBaAng)

LiHz

PoAoc:
2xXedlaopOg Ttpoypappatog Mnxavikwy dokipwy (Tensile, SSRT, NSST, Fatigue) petaAA\ikwyv VAkwyv o€ RT, LT kat CT

A&loAoynon emtidpaong YOpoyovou ota PETAAKA UAIKA Kataokeung de&apevwy HePBpavikou TUTIou
[Moocotikomtoinon emidpaong Yopoyovou
2xedLa0POC cuyKoANoewvV & aéloAoynon emidpacng mapouvoiag Ydopoyovou

2022-2025: SIRENES: Structural Integrity of offshore Renewable ENErgy platformS
(xpnpatodotnon amno EAIAEK, INM.0. E.Y. Z. Kapapavog)

PoAog:

2xedlaocpog (WPS) kat emtiBAedn poumotikwy cuyKoAArjoswyv (regular steel, HSLA steel).
2xedlaopocg Kat emiBAePn katepyaociag HFMI

2UUTIEPLPOPA KOTTWONCG LTIO SLABPWTLKO TtEPLBAAOV

16
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https://lh2craft.eu/

Mapoxn Ynnpeowwyv otn Blopnxavia

AmnevBeioc xpnuatodatnon ano Blopnxavia

2022-2026: MeA€teg aotoyiag UALKWY
Xpnuatodotnon: Motor Oil

2021-2026: MeA€tec aotoyiac VALKWY ot Blropnxavikéc Eykataotdoelc EAevoivag
Xpnuatodotnon: EA.NME.

2021-2026: MeA€teg aotoyiac VALKWVY ot Blopnxovikég Eykataotdoel Aomponupyou
Xpnuatodotnon: EA.NME.

2021-2026: Napoxn unnpeoclwv actoxiag petaAAitkwv VALKwv Epyaoctnpiov Navrmtnyikng Texvoloyiog
Xpnuatodotnon: Awddopot dopeic (METKA, METLEN, FRIGOGLASS, CORAL GAS, ELPEDISON)

Gunee  @ororo M metka  elpedisol

m‘” Metlen @-. w

i
Energy & Metals
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Metadopa LH2

- LHz
" CRAFT

Item Description Unit
Tank type Membrane type -
=S Gross volume ADL. 160k’000 (4 3
KHI, Suiso Frontier (2021) tanks)
Spherical tank, 1250m?3 Hull Protection Dual metal barrier -
Density of LH, 71.0 kg/m3
R G Yinge . 0.035 MPa
i 2 e — Design vapor pressure
sl i 350 mbar
Design temperature -253 °C
Entlre. insulation <1,000 mm
thickness
Target BOR <0.2 %/day

Insulation

18
Choietal. (2023) / doi: 10.3390/met13010035



ltem

Candidate

MetaAAka YAka o€ meptfaAiov LH2

Selection basis

Assessment Requirements

* STS 316L has been known to be stable
enough to be used in hydrogen environments,
. with very little martensitic phase

Prlmf:\ry STS 316L transformation even when subjected to large

barrier deformation.
The references are CSA CHMC, IGC interim
recommendation, NASA report, etc.
A metal based corrugated membrane is
decided to be more suitable than
composite-based secondary barrier at LH2

Secon.clary STS 304L temperatl.Jre(-253°C).

barrier STS 304L is selected due to the fact that the
temperature at the secondary barrier in
normal operation is similar to LNG carriers
and itis already proven in many LNG carriers.

* Hydrogen embrittlement under
large (plastic) deformation.

* Cryogenic (20K) mechanical
strength, fatigue strength, etc.

Correlation between strain-induced martensitic transformation (SIM) and hydrogen effect

Identification of trap sites within the material (TDS)
Assessment of Hydrogen embrittlement under RT, LT, CT (SSRT tests).

LH=
CRAFT

19



Afopata oe mpo-mapapopPwpeEvo xaluvpa 31

Total Partition
Phase Fraction Fraction

[ Austenite 0968  0.968

Il Marensite Afa 0.032  0.032

-
o

2 —A2
(b) -
o
|5 l -2
E F2
—AR2

Martensite phase

Intensity (a.u.)
o - N w =N 19,1 o ~ (o] (Vo)

48 49 50 51 52 53 54
2Theta (°)

S. Maritsa, I. Tzanetos, M. Szczerba, M. Bieda, J. Wojewoda-Budka and A.D. Zervaki, IMAM 2025, 20th International Congress of the International Maritime Association of the Mediterranean,
September 28 - October 3, 2025 Crete, Greece 20



KavovioTilKO TtAaioclo

Existing Regulatory Framework

Guidelines — Recommendations International Standards

Rules & Regulations for material testing
“.N,vm-o IMO Working ISO (Gas H,,
e Grou DS (CCC 8 & 9) | fUEI)

'm Aﬂ]‘b)
o |-
¥aes Classification

IGF (as fuel) @ societies

@ ANSI-CSA

New Rules & Guidelines under progress... (e.g. IMO CCC)

21



KavovioTilKO TtAaioclo

Regulatory Gaps

Limited official rules specifically for carriage of LH, - mainly LNG based regulations

No international standards specifically applicable to
hydrogen containment systems and hydrogen carrier ships

Lack of LH, material compatibility testing and

standardization —> gaseous hydrogen environment

is mainly addressed

Lack of integration of the provisions of LH, in bulk with the
regulations of hydrogen as fuel

22



Vacuum Port
ressure sensor Port

Stainless Steel 304L

Stainless Steel 304L
Mylar
Stainless Steel 304L
Mylar

Mylar

MetaAAwika YAika o€ mepiBaiiov LH2

Foil material: AISI 316L, t=0.2 mm

* BeAtwotomoinon cuykoAAnocewv GTAW / LBW
* ‘EAeyxocg puBpuou elcaywyng Bepuotntag
* A&loAoynon punxavikng ocupmeptdopac (WM/HAZ) o CT mapouacia H2

Evacuated Perlite
Evacuated Perlite
Evacuated Perlite LV

Evacuated Perlite

Silica (Fumed/Aerogel)

Silica (Fumed/Aerogel)

Polyurethane Foam

Polyurethane Foam

Glass Wool
Polyester/Dacron
Glass Wool
Glass Wool
Glass Wool
Glass Wool
Glass Wool

Polyester/Dacron

Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L

Stainless Steel 304L

NI (ILHy

Vacuum Insulation Panels (VIP) for LH2 storage tanks

0,5362
0,5487
0,738
0,7588
1.41
1,66
1.97

2.05




Popmotikeg ouykoAAnoelg (GMAW) xaAuBa HSLA. Katepyaoia peta tn cuykoAAnon (HFMI)

up |-|.r- o .
Humber of Cwcles

AutAwpoartikéc Epyaoiec INMM:
N.AaoKaAOTIOUAOG

A. NEKKOLC

A. XauAidng

Y. ZITUPOTIOUAOU

E. XpltotodiAng

S. Spyropoulou, E. Christofilis and A.D. Zervaki, Effect of Corrosion and Post-Weld Treatment on the Fatigue Behavior of Multipass Robot GMAW Welds of S700MC Steel, Crystals

2024, 14, 609. https://doi.org/10.3390/cryst14070609

¥ dinddded
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https://doi.org/10.3390/cryst14070609
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E. Adumtpoc, MpoaBetikn Kataokeun ue HAsktptko Toéo (WAAM) ae Naumnyikec epappoyec AmAwpatikn Epyacia, >NMM 2024
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LBW Al alloys

Laser Beam
Welding

Parent Material
AA2198-T351

HAZ
HAZ,

HAZ, A,

«

Microhardness

4

Over-aged material

Aged m'aterial
(Dissolution +

Precipitation) (Coarsening)
Solution heat '
treatments Over-aging heat
+ Natural Aging treatments

Parent Material

Hardness HVj,

(©)

1
0 1000 2000 3000 4000 5000

Distance (um)

S. Maritsa, S. Deligiannis, P. E. Tsakiridis and A. D. Zervaki, Experimental and Computational Study of Microhardness Evolution in the HAZ for Al-Cu-Li Alloys, Crystals 2024, 14,
246. https://doi.org/10.3390/cryst14030246 26



https://doi.org/10.3390/cryst14030246

FSW Al alloys

Axial Load (kg)
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Axial Load vs Penetration Depth

B8

B5 B4

B9

B6

B2

Bl

2.083

2.621

2.644

2.659 2.667 2.710
Penetration Depth (mm)

I. Payopavikng, AtmAwpatikf Epyacia, FSW avopolwwy kpapdatwyv Al, ZNMM 2025

2.728

2.755

2.778
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ANHOGLEVUHEVO EPYO

2021 - onpepa

AnHoGClEVHEVO £PYO
* 39 ApOpa o€ EMOTNHOVIKA MEPLOSIKA

» 10 dpOpa amod 2021 - onpepa

* 41 apOpa ce cLVESpPLA
» EUROMAT
> ICEAF
» EUROSTEEL
» AWAMR
» PVP

Wrgy Shifts for Oxygen
on 4-atom Metal-
aphene Catalysts Via

EUROPEAN e hencmooric= [
\ U J :Q ]\j ‘ /:\ |_ L_) }_ Diverse Vegetable Oils
ENGINEERING '
STRUCTURES §Y

suRaL o PRESSURE = 4 y |
VESSEL TECHNOLOGY ™2

al

MareriaLs ENGINEERING
AND PERFORMANCE

JOURNAL OF
CONSTRUCTIONAI
STEEL RESEARCH

Effect on the Al-Mg-Si Alloy
AA 6086



YrtoBoAn Epsuvnuikwyv lMpoypappatwyv

SURFAM (2022): ADVANCED SURFACE TREATMENTS OF PARTS PRODUCED BY AM TECHNOLOGIES (HORIZON EUROPE)
Chemetall (DE), IAI (IL), LORTEK(ES), HAI (GR), CNRS (FR), Vrije Universiteit Brussel (BE), LKEME(GR),
MPT(GR), AFEKA(IL), MAIER (ES) , IFAM(DE).
SMART WELD (2022): A UNIVERSALLY APPLICABLE PLATFORM FOR AI-BASED CONTROL OF INDUSTRIAL
ROBOT WELDING PROCESSES
UNIVERSITAET SIEGEN (DE), CESKE VYSOKE UCENI TECHNICKE V PRAZE (CZ), Rittal GmbH(DE), PRIME
LASER (GR), MPT(GR), CARL CLOOS (DE), mySCADA (CZ) SSI Schafer (CZ)
HYDEM (2023): Advanced metallic and composite materials for Hydrogen storage Demonstrators

ADAPTIVE WELD (2023) Universally applicable platform for Al-based control of industrial robot welding processes (A(l)daptive Weld
Platform)
POLDI (2023): Quantification of residual stresses distribution in butt joints of Robot Flux Cored Arc Welds (FCAW) of HSLA S700MC
steel, treated by High Frequency Mechanical Impact (HFMI)
Deutsches Elektronen-Synchrotron (DESY 2024): Phase Transformation Kinetics in Austenitic Stainless Steel under Cryogenic
Conditions.
Zupnpa&elg Epeuvnuiking Aptoteiag (2024): 1) Avuuetwmion tng Yabupomoinong Yopoyovou ogs ZUuyKoAAROelC ZwWARVWYV
XaAvuBa XaunAnc Kpauatwaoncg
Mav. Natpag, ZOQA.KOPINOGQOY
2) Avanttuén Kpapatwyv Quoltalopevwy Avodiwy yla xpnon o€ cuctipata
KaB®odikng Npootaciag
Mav. Natpag, MNav. ©ecoaliag, EME
Trust Your Stars(2024): Additive Manufacturing for Sustainable Recycling of Stainless Steels (AM4Ro0SS)
Mav. Natpag, AMNO, Institute of Physics of Materials of the Czech Academy of Sciences,
Institute of Metallurgy and Materials Science, Polish Academy of Sciences
MARINUS Cost Action(2024): Marine Materials Network for Sustainable Use of our Seas 29



* MeAAOVTIKOL OTOXOL
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MeAAOVTIKOL OTOYXOL

A

Exnaidevon

Eltcaywyn veou KedpaAaiov oto padnua «Emiotriun & TexvoAoyia ZUyKOAA|CcEWV»

Edappoyr ZuykoAArjoewyv otnv aveyepon @aiacoiwyv Kataokevwyv 8°e€aunvo

31



MeAAOVTIKOL OTOYXOL

A

‘Epeuva

Anulovpyia vtodopung yia YrroAoylotikn Oeppoduvapikn / Kivntikn
Avarmttuén Kpapatwyv Al:Sc yla vauttnyikeg edappoyeg
Avavewon/ avaBaduion E€omAtlopoV ENT yia dnuloupyia ocuyxpovng UTtodo NG OTIC ZUYKOAANCELG

Anploupyia hub yia avamtuén, edappoyn kat diaxuon texvoloylwy MNpooBetikng Kataokeung (WAAM,
SLM) yia edpappoyeg otn Nautnykn

2uveEXela tpooTadelag yla TpooeAKuon Xxpnuatodotnong

32



Euxaplotw yia tnv mpoocoxn oag!!
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