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Power-to-X: Mia atro Tig vEeg TEXVOAOYieG TTOU aAAGdouV TO TTaiyVidl,
- - T0 Power-to-X gival €vag 6pog TTou KAAUTTTE
H T£XVO)\OYIG KA€IOI OIOPOPETIKEG DIADIKATIEG TTOU PMETATPETTOUV TNV

yia Tnv q§|o1Toir|o'r| NAEKTPIKI EVEPYEID O BeppOTNTA, USPOYSVO i
AME OUVOETIKA KaUoIha, TTPAyHa TTou onuaivel 4TI Ao Kal
TWV TTEPICCOTEPO TO EVEPYEIAKO PAG OUOTNUA UTTOPEI va

(also known as PtX or P2X) ATTOXAIPETACEI OTOV AvOpaKa, TO TTETPEAAIO KAl TO
PUOIKO aéplo.

https://www.envinow.qgr/post/power-to-x-i-technologia-kleidi-gia-tin-axiopoiisi-ton-ape



https://www.envinow.gr/post/power-to-x-i-technologia-kleidi-gia-tin-axiopoiisi-ton-ape

Power-to-X direct electrification routes

Renewable Energy Direct Electrification
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https://www.howden.com/en-gb/articles/renewables/power-to-x-explained



Power-to-X indirect electrification routes
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GREEN ENERGY ELECTROLYSIS SYNTHESIS FUELS AND CHEMICALS
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lllustration showing the individual parts of Power-to-X.

https://baeredygtighed.dtu.dk/en/teknologi/power-to-x
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TRANSFORMATION IN JOINING UP SECTORS

Scheme of coupled sectors and major linking “power-to-X" technologies
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Power-to-Methane
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Alkanes
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Power-to-X via CO, hydrogenation.

B.R. de Vasconcelos, J.M. Lavoie. Recent advances in power-to-X technology for the production of fuels and
chemicals. Front. Chem., 7 (2019), 1-24, 10.3389/fchem.2019.00392
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Power-to-Liquids (PtL) technology.
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https://www.energiforumdanmark.dk/app-magasiner/2021/november-tema-vi-far-travlt-i-2027/power-to-x-viser- 10
vejen-til-en-gronnere-fremtid/
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Schematic representation of the P2X conversion pathways.

Ahmed Rufai Dahiru, Ari Vuokila, Mika Huuhtanen, Recent development in Power-to-X: Part | - A review on techno-
economic analysis, Journal of Energy Storage, 56, Part A, 2022, 105861, https://doi.org/10.1016/].est.2022.105861 11
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A typical schematic representation of P2G.
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A schematic of P2L pathways
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Power-to-X technologies
Power-to-X technologies can be subdivided according to
Intended use or form of energy.

Power-to-X technologies by usage:
‘Power-to-Fuel
‘Power-to-Chemicals
‘Power-to-Ammonia
Power-to-Power

‘Power-to-Protein
‘Power-to-Syngas

Power-to-X technologies by energy form:
‘Power-to-Gas

Power-to-Liquid

‘Power-to-Heat

https://as-schneider.blog/2022/03/02/what-are-power-to-x-solutions/
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Power to X
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regard to the countries involved; year for commissioning not specified (n.s.).
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Historical development of the involvement of countries in Power-to-X projects.
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A 2016-2020 B 2021-2025

Newly installed capacities of Power-to-X projects in Europe, (A) commissioned between
2016 and 2020, (B) planned for 2021-2025. Shaded countries: installed capacity not
specified, gray countries: no Power-to-X projects.

20



O Surplus RE

@ Direct RE

M Certificate

B National Grid

T

__
0006420006420
AN - o

syofoud jo Jaqunpn

paldafoid
's'u

0€0¢
L20¢
9¢0¢
5¢0¢
¥0¢
€a0c¢
[44]4
1¢0¢
0¢0c¢
610¢
810¢
LTOC
910¢
S10¢
v10¢
€10¢
¢10¢
110¢
0Toc¢
600¢
800¢
£00¢
900¢
500¢
¥00¢
€00¢

to-X projects with regard to electricity

Historical development of Power
supply. RE, renewable energy.

21



2012 2013 2014 2015 2016 2017 2018 2019 2020

/

2,000 14

§ 1,800 80

= 1600

= 1,400 40

§ 1,200

8 1000 2V

2 8o O

S 600

S 400

©

L 200

(¢8)

S 0

& n <

5 o O

@) o O
AN N

W Alkaline m PEM

SOEC M n.s.

\

2005
2006
2007
2008
2009
2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024
2025

2026

Cumulative installed capacity according to electrolyzer type. n.s., not specified;
PEM, polymer electrolyte membrane; SOEC, solid oxide electrolyzer cell.

2027

2030

projected

22




70
60
@
(6]
@ 50
.§ O n.s.
.g 40 O SOEC
3 39 | @ Alkaline SPE
£
2 20 | mPEM
B Alkaline
10
O _

5< kW 5-100 kW 100-500 kW  500-1000 >=1000 kW n.s.
kw

Electrolyzer types according to capacity.
* PEM, Polymer electrolyte membrane;
* SOEC, solid oxide electrolyzer cell;

* SPE, solid polymeric electrolyte.

23



e
22%
6% e
3%
m no processing ® Methanation = Methanol other

Number of projects

50
45
40
35
30
25
20
15
10

0

On.s.

O biological

Process steps of Power-to-X projects in Europe with a focus on

methanation technologies, n.s., not specified.

M catalytic

24



PtX has a number of potential applications, and can be used to
change electricity into:

 Power-to-Gas (PtG): This technology converts excess electricity
into gases like hydrogen or methane. These e-fuel gases can be
stored and used later to generate electricity again or even to
power vehicles.

« Power-to-Liquid (PtL): In this case, extra electricity is used to
produce liguid e-fuels such as synthetic gasoline or diesel. These
fuels can be used in existing engines or machinery.

 Power-to-Heat (PtH): Here, the surplus electricity is turned into
heat, which can be stored and then used for things like heating
buildings or generating steam for industrial processes.

 Power-to-Chemicals (PtC): This involves using the electrical
energy to facilitate chemical reactions, creating valuable
products like fertilizers or other industrial chemicals.

https://www.pinsentmasons.com/out-law/guides/power-to-x-technologies-e-fuels-and-their-applications o5



H ayopd avavewaoidwy TTNywv evépyelag aAAadlel xapn oTtnv
TTITWAON TWV TIMWV Kal TNV augnuevn (NTNon yia KaBapoTePES
TTNYEG EVEPYEIQC.

OAo kai TTepIocoOTEPN NAEKTPIKI EVEPYEIQ TTAPAYETAI ATTO TOV
NAIO KOl TOV AVEMO, AAAA Ol AVAVEWOINEG TTNYEC EVEPYEIAG
£COKOAOUBOUV va atroTeAoUV Eva TTOAU PIKPO TTOCOCTO.

H B¢ppavaon, ol JETAPOPESC KAl Ol BIOUNXAVIKEC OIAdIKATIES
£COKOAOUBOUV va Kupliapxouvtal OTTO OPUKTA KaAUOlIuad Kal
TTOAAQ ATTO QUTA TA CUCTAMUATA OEV UTTOPOUV VO AEITOUPYOUV
LUE NAEKTPIKN EVEPYEIQ HIA KAl XpelalovTal Ta Kaualua.

Mia a1 TIG veeC TEXVOAOyieC TToU aAAAlouv TO TTAIXVIOI, TO
Power-to-X ¢€ival €&vagc OpoC¢ TToU KOAUTITEI OIQPOPETIKEG
OladIKACIEC TTOU METATPETTOUV TNV NAEKTPIKN EVEPYEIQ OF€
OepudTnNTa, UOPOYOVO N OUVOETIKA KOUOIYA, TTPAYMO TTOU
onMaivel OTl OAO KOl TIEPICCOTEPO TO EVEPYEIAKO MOC
oUoTnUa MTTOPEI VO  ATTOXAIPETAOEI OTOV  AvOpaka, TO
TTETPEAQIO KOl TO QUOIKO aépIO. 26



 H 1exvoAoyia Power-to-X TTpoo@EPEl Jia ONUAVTIKN
gUKaIPIa yIa va €MITAXUVOEi N oTPOYI) TTPOGC TIC
QVOAVEWOIPEG TTNYEC EVEPYEIOC AUCAVOVTAC TNV
TTapaywyn OUVOETIKWY KAUTiIJWYV KAl JEIWVOVTAG
YPNYOoPA TIC EKTTOUTTEC OPUKTWY KAUTIMWY O€ TOUEIC TTOU
KupaivovTtal aTtro Tn Biounxavia xaAua kai Tnv
TTapaywyn TPOQIMWY £wG TN XNMIKA Biounxavia kai 1a
AITTaouaTa.

« Qi1 TOUEIC OTOUC OTTOIOUG PUTTOPEI Va dladpauaTioEl BACIKO
POAO gival TTOAAOI Kal ETTEKTEIVOVTAI KOl OTNV €TTIAUCN
UAKPOTTPOBEOUWY TTPOKANOEWYV ATTOBNKEUONG EVEPYEIQC,
puBuilovtag Ta okauTTaveRAouaTa oTOoV £QPOJIATUO ATTO
QVOAVEWOIUEC TTNYEC.

* [lpog 1o TTapPOV, Ol AVEPOYEVVNTPIEC OTN PBopeia [epuavia,
VIO TTAPAOEIYUA, UEPIKEC POPEC TTAPAYOUV TOOO UEYAAN
IOXU TTOU TTPETTEI VO atToouvOEBOUV aTTd TO dIKTUO YIa va_
QTTOTPATIEI N UTTEPPOPTWON.



H 1repicocia 10xU0¢ 6a PTTopouUcE va XpNoIPoTToINBEi yia TN
d1doTracn Tou vepou o€ O, Kal H,, JEow NAEKTPOAUONG.

To H, OxI JOvO PTTOPEI va aTToBNKEUTEN KAl VO ATTOONKEUTEI
VIO AIlYOTEPEC BOAEC NUEPES, AAAG UTTOPEI va XPNOIMNOTTOINOEI
yia TN B€ppavon KTipiwv, TNV KATAOKEUN XAAuBa tTou
AVO@EPONKE N TN METAPOPA KUWEAWYV KOQUTIUOU Yia popTnya
Kal TTAOIQ.

Ta TePIBAANOVTIKA OQEAN ATTO TNV UIOBETNON AUTAC TNG
TEXVOAOYIAG gival TEPAOTIOC ONUagiag KaBw¢ odnNyouuaoTE
o€ atravOpakoTToinon Kal EAAXICTOTTOIEITAI TO EVEPYEIAKO
ATTOTUTTWMA ATTO XPNOEIC TTOU TTAPAOOCIOKA TTPOKAAOUV
TTANB0C pUTTWV.

To CO, 1Tou atraITeiTal yia TNV TTapAywyn Twv KAUCiJwv
UTTOPEI VO QIATPOAPIOTEI ATTO TIC EKTTOUTTEC ATTO JOVADEC
TTApAywyNnG EVEPYEIOC aTTO TPOYOdOTNON AvOpaKa, TOINEVTO
N Bloaépio, N atreuBeiag atrd Tov aEpa, dNAAdN, aKOUa g
KAAUTEPA VIO EvaV KOOUO ME OUDETEPO AvOpaKa.



AuTn TN aTIYUN, TO UYPNAO KOOTOC £ival icwWC TO JEYAAUTEPO
EUTTO0I0 O0TO Power-to-X TTou KOAUTITEI OAO KOl TTEPICCOTEPEC
EVEPYEIOKEC UOAG AVAYKEC.

To peyaAutepo PEPOG TOu H, ecakoAouBei va TTapayeTal aTro
apyo TTETPEAAIO KAl PUOIKO AEPIO, KATI TTOU Eival APKETA
PeONVOTEPO ATTO TO VA TO TTPOUNBEUETAI ATTO AIOAIKN EVEPYEIQ.

YTTapyouv Opla oTNV ATTOTEAEOUATIKOTNTA TOU KOBWC otav
EVa €I00C EVEPYEIOC METATPETTETAI O AAAN, KATTOIO XAVETAI
TTAVTA OTNV TTOPEIQ.

Av An@Bei uTTOWN TO KOOTOC TTOU ETTEPXETAI ATTO TNV
KAIMOTIKA aAAay ) TO TTWGS avTIAauBavopaocTav TIC
QVAVEWOINEC TTNYEC EVEPYEIAC TTPIV OPICHEVO APIOUO ETWV,
TTOAU eUKOAa Ba kKaBiepwvape 10 H, wg eVAANOKTIKA Auon.
Mia padikr) erékTaon Twv AlNE Ba TTpoo@Epel aoPAAEla yia
eTTEVOUOEIC O€ VEEC TEXVOAOYiEC OTTWC N Power-to-X kai 6a
UAC ETTITPEWEI VA ATTOKOMIOTOUUE TA TTAEOVEKTAMATA TOUG. 29



« To Power-to-X €ival yia ogipa peBOdWV PETATPOTINAG
NAEKTPIKNG EVEPYEIOC, ATTOBNKEUONC EVEPYEIOC KAl
QVOMETATPOTIAG TTOU XPNOIMOTTOIOUV TO TTAEOVAO A
NAEKTPIKNG EVEPYEIQC, OUVNOBWC O€ TTEPIOOOUC OTTOU N
KUMQIVOUEVN TTAPAYWYI QVAVEWOIUNG EVEPYEIQC
UTTEPPAiVEI TO POPETIO.

* Q1 1exvoloyiec Power-to-X (PtX) BewpouvTtal KaAOC
TPOTTOC YIA TN MEIWON TWV EKTTOUTIWYV AEPIWV
OepuoknTriou, dIOTI TO SUVANIKO ATTOBAKEUONC EVEPYEIQC
0a utTopoUCE va CICOPPOTINOEI TO NAEKTPIKO OIKTUO TTOU
QTTAITEITAI VIO TNV TTEPAITEPW AVATITUEN TWV
AVAVEWOCINWY TTYWV evépyelag. QQoTO00, Ol YEPUAVIKES
repIBaAlovTikEC opadec BUND kar Oko-Institut
ETTIKPIVOUV QUTN TNV TEXVOAOYiQ.

https://www.euractiv.gr/section/energia/news/germanikes-perivallontikes-omades-i-technologia-ptx-tech-den-
einai-aparaitita-filiki-pros-to-klima/
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Texvnta TTapaAyouEVa aEPIA, UypPA Kal XNUIKEC OUCTIEC TTOU
ATTOONKEUOUV EVEPYEIQ -OI OTTOKOAOUUEVEC TEXVOAOVIEC
Power-to-X (PtX)- ouxva ava@épovTal we To KAEIDi yia TN
LUETABOON OTNV EVEPYEIQ.

H vyepuaviky TrepiBalrovtikn MKO BUND kai 1O
epeuvnTikO  idpupa  Oko-Institut  onueiwver 611 ol
TEXVOAOYiec PtX Ogv €ival KAT avayknv Trio QIAIKEC TTPOC
TO TTEPIBAAAOV aTTO TNV £€0pUCn avBpaka (29/6/23).

EAv n nAeKTpIK €vEPYEIQ TIOU ATTAITEITAI YIQ TNV
TPpOoPOodOCia TNG evepyelaknc Oladikaoiag PtX Ogv
xpnoiuotrolei TTANpwg TIG ATE, o1 ektrouTrég CO, Ba gival
UWnAEG.

To ammotutTrwua Aavepaka Twv TeEXVoAoyiwv PtX «Ba
UTTOPOUCE VA €ival TTOAU XEIPOTEPO ATTO O, TI UE TA OPUKTA
Kauolya OTTw¢ TO QUOIKO aéplo 1 1o vrileA» (Ernst-
Christoph Stolper, mpoedpoc BUND).
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H 1nyn evépyelag €ival atrapaitntn OTav TTPOKEITAl YId
PtX, etreidn n diadikaoia €ival TOOO EVTATIKA ATTO ATTOWN
evEpyelag Kabwg BaaifeTal o€ TEXVNTA TTAPAYOUEVO H,.

H Od&iadikacia PtX ptropei va Trpayuarorroinfei  Pe
aQvauopPwaon Tou aThou, n otroia BacileTal OTO PUOIKO
aEplo kal atreAeuBepwvel TTOAU CO.,.

H diadikagia PTTopEi £TTioNG va TTPAYUATOTIOINOEI HEOoW
NAEKTPOAUCONG, N OTToId, TTAPA TO YEYOVOG OTI OEV TTEPIEXEI
EKTTOMTTEG, ATTAITEI AKOMA TTOAAN NAEKTPIKN EVEPYEIQ.

O1 oucie¢ PtX Trpémrer va Trapdayovrtal  POVO  ME
QVAVEWOINEC TTNYEC EVEPYEIQC

Av pBaolotoupe oT10 PtX w¢ TNynR €vépyelag oTa
MEANOVTIKA OiKTUO nNAEKTPIKAC €EVEPYEIOG, TIPETTEl VA
dlaoc@aAioTei OTi Ba aclotroiouvtal AlE, oUpewva e

TOUC OUVTAKTEC TOU EYYPAPOU.
32



« [lpgmeL e€miong va amooa@nVIoTEL N TIPOEAEUCN  TOU
artattovpevou CO,. Movo os ocuvbuacouo pe to CO, pmopel va
uetamolnBel to uUbdpoyovo O €EUPEWG XPNOLUOTIOLOUPEVO
HEBAVLO 1 NAEKTPOVLKA KaUoLua.

« Eav to CO, 6ev eEayetal amo avBpaka, TETPEAALO 1) (PUOLKO
aEPLO, OL EVAAAAKTLKEC AUCELG Elval TIEPLOPLOPEVEC.

« To &UAO elval pla amod TG TPWTIAPXLKEC TINYEC, aAAAQ N
KAAALEPYELA TOU ATTaLTeL PEYAAEC EKTACELG. To eyypawo kateAnge
OTO OUMTIEpACHA OTL €lval amapaltnto va SlacpaAllotel OTL
xpnotuotolouvtat ovo Buwotpa BLoUALKa.

« Me aMa AoyLa, to CO, pttopel va arokoTIEL aTto ToV agpa, arAAa
N TeExVoAoyla Sev XEL AKOUN WPLPACEL ETTAPKWC.

* «H Ttexyvoloyla 6Oa elvar 6&wabBeowun otnv mpagn povo
LECOTIPOBECUA KAl WC PLa CUYKPLTLKA Sattavnpn A0y »

Florence Schulz, EurActiv.de,
Metawpaon Zowia EAavidou, 31 louA 2019

https://www.euractiv.gr/section/energia/news/germanikes-perivallontikes-omades-i-technologia-ptx-tech-den- 33
einai-aparaitita-filiki-pros-to-klima/
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Systematic effects of flexible power-to-X operation in a
renewable energy system: a case study from Japan

For achieving a carbon—neutral energy system, economical flexibility mechanisms are crucial to
accommodate intermittent and decentralized renewable energy sources.

Power-to-X (P2X) is a promising technology for this purpose.

This study aims to elucidate the systematic effects and competition of dynamically operated power-
to-X (P2X) technologies as a flexibility option in comprehensive renewable energy systems.

They developed a linear programming model to optimize energy systems incorporating P2X
technologies, including water electrolysis, methanation, Fischer—Tropsch synthesis, and Haber—Bosch
synthesis, and investigated the impact of P2X flexibility on the system structure and energy costs,
focusing on Japan as a case study.

The results demonstrate that each P2X technology effectively shifts electricity loads and reduces
curtailment by more than 80%.

The contribution of each P2X technology varies, with water electrolysis playing a dominant role due to
its relatively low fixed costs and large scale.

P2X has a cost advantage over these flexibility options.

The results also highlight that the maximum effect is achieved when the capacity factor of P2X is 30%.
Synthetic hydrocarbons would require a carbon price of over 356 €/tCO, to compete with fossil fuels.
Domestic electrofuels would face tough competition with global fuel costs.

The reduction in electricity costs through P2X, along with its contribution to energy security, may

incentivize its adoption.
34
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Systematic effects of flexible Power-to-X operation
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Cumulative load duration curve of P2X technology in Tohoku area for FLEX case.

The load is hourly fuel outputs based on LHV.
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factor for each P2X component.
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