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AnoOnkevon evépyetlac ywa tnv eéanAwon twv AME

Mé£BodoL armobnKkevong EVEPYELAC

Napoxn NALakig Loxvog vs Zitnon toxvocg

2UyKplon HEBOSWV anoBnKevong EVEPYELOAG
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H owkovopia tou H,

Avaykeg ywa anobnkevon & Metadopa tou H,
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H npokAnon tng armodnkevong kot peragdopag tov H,

Best source of low-carbon hydrogen in different regions

» To H, gival to o eAadpl otoleio Kal £XEL TV
XOHNAOTEPN OYKOMETPLKA EVEPYELAKN TUKVOTNTA
OUYKPLTIKA ME Tt AAAQL KaU Lo

> Ma va anobnkevow Ml Kov moooTNTA
evépyelac oe popdn H, oe pia de€apevny Me
AoyLKO OyKo Ba PEMEL va CUMTILECW TO USpoyovo
o€ UPNAEG TILECELC 1] VAL TO UYPOTIOLHOW.
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[ optimal renewable and low-carbon resources

I optimal low-carbon resources
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Renewables-constrained - @ R constraints; may import
due to varying load curves - hydrogen

.

and limited space -
availability \ -,

China
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and wind !_arge investments
conditions : _ {,‘ in hydrogen economy
’ ‘ ] Potential to be self-
Middle East \;‘_5;“,’&5\:\ sufficient
High PV/wind
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Chile due to good local Australia
Favourable PV/wind resources "W Potental for large-

v scalg’PV farms with
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profiles

hybrid conditions

SOURCE: IEA; McKinsey

> Zto MEAAovV Ba amrattnBei va petadEpetal To vdpoyovo ano
TLG TIEPLOXEG OTLG OTOLEG EVVOELTAL N Tapaywyn Toug oo ANE
O€ XWPEG He peyaAn {ntnon o€ H,



Mé£BoboL anoBnkevong ko petadopag tov H,

ZAUEPA £VO  ONMOVILKO TOCOCTO TOU
neps 320 — 700 bar) TLOLPOLYOLEVOU USPOYOVOU XPNOLUOTIOLELTOLL
yta tnv cUvBeon NH; kat CH;0H

» Zuprecpévo H, (T

» Yypomnownpévo H, (T=-252.8 °C, 1 bar)

» MetaAAka udpidLa

» LOHC, NH;, CH;OH (Yypa o€
OTHOOPOLPLKEC KOl ATILEC CUVONKEC)
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H onupaocia th¢ appwvioc

Flgure 8 Production and uses of ammonia
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IRENA and AEA (2022), Innovation Outlook: Renewable Ammonia
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Current U.SeS: .
1920 1940 1960 1980 2000 2020 e,
- Iron manufacturing

- Mobility (fuel cell vehicles, forklifts, trains,
planes, marine vessels, etc.)

- Stationary power generation

- Heat applications




Mapoywyn avavewWGCLHNG CHHWVLOG

Flgure 15 Schematic overview of steps involved in ammonia synthesis from water and air
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Flgure 23 Schematic overview of steps involved in ammonia synthesis from biogas and solid biomass
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AVTOYWVLOTLKOTNTO OLVOVEWOLNG OHHWVLOLC

Flgure 19 Estimated costs of renewable ammonia up to 2050 KatavaAlO.Ké Ilevrl EVéPVGla
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To KOOTOC TNG AVAVEWOCLNG AUHWVIOC E€QPpTATAL OE CNUAVTIKO TO000TO (90%) armo 1o KOGTOG oPAYWYNE OVOVEWCLOU
H,, To omoio avapévetal vo PelwBel Spapatikd AOYwW OLKOVOULWY KALHaKac, alénong Twv amodocewv Kal Xpovou {wNG
Twv Slatdgewv NAekTPOAUONG
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AVTOYWVLIOTIKOTNTO QVOVEWOLNG OLRLWVLOC

ZuvoAwn anodoon xpriong NH; wg kaouo o€ mAoia

Flgure 25 Best available technology (BAT) for ammonia synthesis from various feedstock Table 4 Round-trip efficiency of ammonia production and utilisation for the maritime sector
100 -
n _ Current technology Solid oxide technology
% 80 |-
% Hydrogen production technology Alkaline or PEM electrolysis Solid oxide electrolysis (SOE)
é Energy consumption
= T (GJ/t ammonia) LA pil
_‘2 Energy conversion efficiency 50-57% on LHV basis 62-72% on LHV basis
g “r _ ~ Ammonia conversion technology Two-stroke engine Solid oxide fuel cell (SOFC)
g Theoretical minimum energy consumption = woo————————p = FTT"=-< Energy Convemlon efﬂdency 45'50% on LHV bas‘s 55'60% on LHV baSIS
T 20
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MEeAAOVTLKEC XPNOELG ALULWVIOG KoL oLyopQL

Figure 27 Schematic of the ammonia economy Figure 29 Current and projected ammonia production by source and demand by sector
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H onpaocia tnc peoavoAng
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Mapaywyn avavewolpnc pedovoAng

Flgure 20. Gaslification-based methanol plant - general scheme
Bio-CH,OH

Figure 2. Principal methanol product/on routes
CH,OH
Green methanol

Pretfreat i Gas conditioning

incl. WGS

Biomass

H,S CO;

MeOH
synthesis distillation

* Of various kinds, including corn stover, straw and black liquor. Methanol
Notes: H,S = hydrogen suiphide; MeOH = methanol.

Figure 22. Reformer-based methanol plant - general scheme
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MeOH
compression synthesis distillation

/Mi
ethanol

* Of various kinds, such as manure and water treatment sludge.
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Mapaywyn avavewolpns pedavoAing

Flgure 24. Approaches to e-methanol production through electrolysis and electrochemical processes
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(3) Direct electrocatalytic synthesis of methanol form water and carbon dioxide
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AVTOYWVLOTLKOTNTA OLVAVEWOLNG LEBVOANG

Flgure 4. Comparison of renewable methanol with other fuels on a price per unit of energy basls
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MeAAovtikn mapaywyn LEBaVOANC Kol KOGTOC
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JUMTTEPACHOTA

U MNa tnv kKAAUYP N Twv avoykwy yla Ipacvn evepyela oto PEAAOV Ba mpEmeL €kTOg anod 1o H,, To
omoio eival dUokoAo va amoBnkeutel kal va petadepbei, va yivouv ol amopaitntec enevéUoeLg
KoL OTOL TTapAywya Tou, Wlaitepa o€ e-NH; kat e-CH;OH.

1 H NH; kot n CH;0H amoteAoUv moAU onpavikad Kat eupewg dtadebopeva mpolovta TNG XNILKNAG
Blopnxaviag pe mAnBoc edbappoywy, Ol OTOLEC AVAUEVETAL Vo €TEKTAOOUV KoL O€ TOUELC TOU
onuepa Bewpeitat oA dVokoAo va amneéoptnBolv amo tov avopaka, aUEAVOVTAC CNUOVTLKA TLG
aratnoelg ya paowvn NH; kat CH;OH oto peAlov.

 Ou texvoloylec yla mpaown oppwviar Kot HeBavoAn vdilotavral Kol EXEL EMITEVXOEL ONUOVTLKN
nPoodo otnv avénon TNE EVeEPYELAKNC armodoonc, N onoio UMopEeL vl UTIEPKEPATEL TIC CUUBATIKEC
texvoloyiec av avarmtuxbouv oe upnAotepa TRLs nAektpoxnuikoi avtidpaotrpec mou Oa
ocuvbualouv TNV mapaywyn H, Kol Twv MapAywywv TOU O€ €va OTAOLO, QMAOTIOLWVTOG TNV
Slepyaciog Kol LELWVOVTOC TO KOOTOC.

1 To CAPEX kat 10 oTaBUIOpEVO KOOTOG Twv TeXVoAoyLwv mapaywyng e-NH;,CH;OH glval oxetika
VPNAQ, OMWC AVOULEVETOL LLECW: i) OLKOVOULLWV KALHLOKAC, ii) LElWONG TOU KOOTOUC Kol avénong tne
anodoong Kat xpovou {wng twv dtataewv nAektpoluong, iii) av§nong twv dikawwpatwv CO,, iv)
avénoncg tng {ATNoNG Kol EVOPUOVLONG TNG VOUoBeaoiag Kat v) emGOTACEWV VAL KATAOTOUV UETA TO
2030 avToywVLOTIKA TWV AVTLoToLWV cUupPaTtikwy texvoloywwyv pe CCS.
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