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Mepiexopeva NMapouoiaong

Biwoiun AvanTtuén kai Eknopneg ATO

KaivoTtopiec otnv Evepyeiakn MetaBaon

KooToc Texvohoyiwv Avavewoipwv MNnywv Evepyeiac (AME)

MoAimikec Tou Neou KAhipaTikou Nopou (Metagopéeg, Ktnpia, Biopnxavia, MAN)

MikpodikTua Kal 0 pOAOC TWV PUNAaTapiwv

DN N N NN

Kpioipa YAika yia AME kai Evepyeiakn Anodoon (OB, aloAika, anobrkeuon evepyelac Kal

udpPOoYOVoU)

N

Biokauoiya — Topeag MeTapopwv
v' Evepyeiakn Autoduvapia EAANadoC
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Biwoiyn Avatrtuén

Sustainable development

can be defined as

development that meets the needs of the present,
without compromising the ability of future
generations to meet their own needs.

Described in 1987 at the Bruntland Commission Report.

https.//en.wikipedia.org/wiki/Sustainable_development

KUkAol BiwoipoTntag
ECONOMICS ECOLOGY

Production & Resourcing Materials & Energy
Exchange & Transfer Water & Air
Accounting & Regulation Flora & Fauna
Consumption & Use Habitat & Food
Labour & Welfare Place & Space
Technology & Infrastructure Constructions & Settlements
Wealth & Distribution

Emission & Waste

Engagement & Identity
Recreation & Creativity
Memory & Projection
Belief & Meaning
Gender & Generations
Enquiry & Learning

Organization & Governance
Law & Justice
Communication & Movement
Representation & Negotiation
Security & Accord

Dialogue & Reconciliation
Health & Wellbeing

CULTURE

Ethics & Accountability

POLITICS

Vibrant

Good

| Highly Satisfactory
|| Satisfactory+

|| satisfactory

.| Satisfactory—

Highly Unsatisfactory
Bad

Critical

Framing of sustainable development progress according to
the Circles of Sustainability, used by the United Nations.



https://en.wikipedia.org/wiki/Circles_of_Sustainability
https://en.wikipedia.org/wiki/United_Nations_Global_Compact
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ATTO TNV ATHOOQAIPIKK) PUTTAVOT TNV KAIMATIKI aAAAyn)

Tropospheric ozone (O3), sulphate (S04%),

and carbonaceous aerosols At the global scale, understanding both
the natural ozone chemistry of the
troposphere and the causes of
continually increasing background
troposheric ozone levels is a major goal.

At the urban and regional scale,
significant policy issues concern how to
decrease ozone levels by controlling the
ozone precursors—hydrocarbons and

Greenhouse gases (GHG): carbon dioxide (CO2), ~ Oxides of nitrogen.
methane (CHa4), and nitrous oxide (N20)
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ATTO TNV aTHOOC@AIPIKA PUTTAVON OTNV KAIMATIKA aAAayR

Greenhouse gas (GHG) is a gas that contributes to the natural greenhouse effect.

The Kyoto Protocol covers a basket of six (GHGs) produced by human activities:

carbon dioxide (74,5%)?),
Methane (17%),

nitrous oxide (6,3%)
hydrofluorocarbons,
perfluorocarbons and
sulphur hexafluoride (bal.)

AN NN N YR

An important natural GHG that is not covered by the protocol is water vapour.

Ref.: (1) European Environment Agency https.//www.eea.europa.eu/help/glossary/eea-glossary/greenhouse-gas
(2) https.//www.wri.orq/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



https://www.eea.europa.eu/help/glossary/eea-glossary/greenhouse-gas
https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors
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Ch an g n g Water CyC l € Catastrophic events: environment, extinction of species, cities, infrastructures

Species extinction: thylacine, california condor, coelecanth

Ref: NERC Science of the Environment, 2010-2017

https://scoutlife.org/features/140090/extinct-and-endangered-animals/
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Extroutrég Agpiwyv Tou Qaivopévou Tou OgppoknTriou (ATO)

AUEnon ekmopnwv AtO 1990-2020: 41%
JupBOAN Tou Topéa evépyetag ota AtO: 73%

MayKOOULEC EKTTOUTTEG ATO: 46.141 Mt CO2e
Eupwrn (27 K-M): 3.598 Mt CO2e (7,8%)

Eupwnn (3.598 Mt CO2e)

Mny£g eknopn®v Mt CO2e MoocooTo
HAekTpIONOG/ 1.158 32,2%
©¢puavon
MeTapopEg 789 21,9%
KThpia 460 12,8%
AYPOTIKEC 395 12,0%
EKPETAMEUOEIC
KaTaokeueg 355 9,9%
Biounyxavia 163 4,5%
AnoppiypaTa 111 3,1%
Kauaipeg UAeg kal 166 4,6%
OlaPUYOVTEG EKMOMNEG

WORLD RESOURCES INSTITUTE

T'pagika: Johannes Friedrich
IInyr) otoxeiwv: Global greenhouse gas emissions 2016 excluding land-use change and forestry (LUCF) from Climate Watch
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O&onion 81ad1IKaciac KaTapTionNG TOHEAK®V NpolUnoAoyicH®V avepaka

Oeomiletal n Sltadilkaocia KATAPTLONE TOUEAKWY MPOUTIOAOYLIOMWY AvOpaKa
TLEVTAETOUC SLAPKELAG YLa TOUG BacIKoUG TOUELC TG OLKOVOULOG

1.mapaywyn NAEKTPLKAG eVEpyELag & Bepuotntag,
2.uetadopeg,

3.Blounxavia,
4.xtnpla,
5.yewpyla kal ktnvotpodia

6.amoBANTa,

7.XPNOELC YNNG aAAQYEC XpIOEWV YNCG Kat dacormovia

Ano To aBpolopa TwV TOPEAKWY NPOUNOAOYIOHWY NMPOKUMNTEI O

OUVOAIKOC MpolnoAoyiopog Avbpaka yia Tn Xwpd
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MEPIBAAAONTOZ
& ENEPIEIAZ

METpa NpomONOoNG TWV OXNHATWV HNOEVIK®OV EKNOHN®WV
MsETpa yia TN HEIWOoN TOV EKNOUN®WV ATO AEPi®V ano ENIXEIPNOEIC

MsTpa yia anavBpakonoinon Hn diacuvdedspévwyv vnoiov (MAN)




% KENTPO ANANEQZIMQN MHIQN
T KAI E20IKONOMHZHZ ENEPTEIAZ YNOYPFEIO

MEPIBAAAONTOZ
& ENEPIrEIAZ

M<Tpa yia Tn pEiwon TOV eknopnwv ATO ano Ta KTnpia

Ano 1o 2023, anayopeUETal n €yKAaTaoTaon KAuoTAPWV NETPEAAiou
BEpupavong onou unapxel enapkeg diabeaipo diktuo ®/A. KaTt’ e€aipeaon, o€
UQIOTAUEVA KTipIa ENITPEMNETAI N AVTIKATAOTAGN UQPIOTAPEVOU AEBNTA.

Ano 1o 2025 anayopeUeTal n €yKaTaoTaAoN KAUOTHPWV NETPEAAioU
BEpuavaong

Anod 1o 2030 anayopeUseTal n Xpnon KauoTApwVv NeTpeAdiou BEppavoncg

Ano 1o 2023, o OAd TA VEA KTipla NANV KATOIKIWV Kal EEVOOOXEIWY HE
KaAuwn > 500 T.4. TonoBeToUVTAl UNOXPEWTIKA 0 TouAdaxioTov 30% TNG
KaAuwnc ewToBoATaikA. AuvaTtoTnTa €EAIPECEWY OPICHEVWYV KATNYOPIWV.

Ano 1o 2023 kal peTa, oto ZEAK Tnc nap. 12 Tou apbpou 7 Tou V.
4342/2015 cupnepiAapBaveral o unoAoyiopog Tou avepakikou
anoTuUNWNATOC TWV KTIPiwV cUPNPwva PJE To npoTuno ISO 14064-1:2018.
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KailvoTopieg yia eva peAAov he ANE

v ECNAEKTPIONOC PO TNPIOTATWYV
v ATTOKEVTPWON Kal
v Wnoelotroinon

QATTOTEAOUV KOPUPAIEC TAOEIC KAIVOTOUIOC TTOU CEKAEIDWVOUV TNV EUEAICIA TOU
ouaTnMaToc via reploocoTepec AlE.
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Oikovopia Oudétepou AtroTuTTWHOTOS AvBpaka 2050

Evepyelakn Anodoon Avav;\c:)écg\;::élq‘l NY€G

Carbon
Neutral
Economy

KaUOLHa OU&?TEPOU ‘Eéumtva. Mikpodiktua
Amotuniwpoatog AvBpaka
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Aieioduon AMNE oto Evepyeiako Miypa kai o POAoG Twv MIKpodIKTUWV

MaTi pikpodikTua;

v Kupiwcg yia nepiBaAAovTikoUC Kal OIKOVOUIKOUG
AOyouG
o AUEnon Tonika Tng diigduong AMNE — Meiwon
eknopnwv CO,

o Meiwon otn xpnon dIKTUWV HETAPOPAg (anwAeieg =
KOOTOC)

o AElonoinon evepyeiakwv anwAgiwv Tonika (n.x.
BepuOTNTA ANO Povadeg oupnapaywyne)

v AuEnuevn acpaieia ooov apopa Tnv napoxn
peUPATOC OTOUG TENIKOUC XPrOTEC

v BEATIOTOC EAEYXOC AEITOUPYIAC CUCTNHATWY 10XUOC
Kal JIKTUWV dIavouNnC

o 2agpnc duvaTtoTnTa EAEyXou, Neplopiopou Kal
avalnTnonc eubuvwv yia Tn AsIToupyia Tou SIKTUOU.

AnNaITOUPEVEC KAIVOTOUIEG:

v’ 'EEUNVOC PETAOXNMATIOHOC JIKTUWY, HE
EQApPPOYN TEXVOAOYIWV NANPOPOPIKNG Kal
EMNIKOIVWVIWYV, MOU ENITPENOUV KAAUTEPN
eNiBAewn Kkai EAeyxo TNG AsIToupyiag Touc.

v EvowpaTwon TeXVoAoYIwv anobrkeuong Kal
€UENIKTNG dlaxEipion (popTiou nou Ba
eNMITpEYOUV eueli€ia oTn dlaxeipion evepyeiac.

H avanTu&n pIKpodIKTUWV anoTeAEI YIa OnUavTIKn

KalvoToia yia TNV evowudaTtwon Twv AlME oTta
dikTua HE kal Tnv anoTeAeopaTikn AEIToupyia Toug,.
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KENTPO ANANEQZIMQN MHIQN
ES KAI EZ20IKONOMHZHZ ENEPTEIAZ
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H anoBnkeuon evEPYEIAC OTA KTAPIA MMNOPEI VA UnooTNPIEEI TO NAEKTPIKO OiKTUO

H anobrikeuon evepyelac oTa
KTrpia 8a pnopouoe va Bonbnoel
OTNV UNooTnNpPIEN TOU NAEKTPIKOU
OIKTUOU.

O1 ynartapieg KTnpiwv Ba
hNnopoucav va ocudfBalouv oTo va
YiVel To dikTUO Mo anodoTIKO,
a&lonIoTo, avOeKTIKO KAl dOPAAEC—
av ol Napoxol hnatapiwyv Alavikng,
Ol ENIXEIPNOEIC KOIVING WPEAEIAC Kal
Ol PUBUICTIKEC apXEC JNopouV va
eMAUOOUV guaiocbnTa epnopika,
AEITOUPYIKA Kal Beouika (nTAHATa.

Ma Tnv avanTuén TnG ayopac, ol pUBUIOTIKEC APXEG Kal Ol EMIXEIPNOEIC KOIVIC WPEAEIag 6a npenel va a&loAoyrnoouv nwg kai nou
Ol UNATapiec KTNPIWV YNnopouv va unooTnpi€ouv To dikTuo, yia napadslypa, evronidovrac neplopiopoUc XwpnTIKOTNTAG O<

eninedo TpoPodoaiac, Kal va EVOWPATWOO0UV TIC a&IOAOYNOEIC TOUG 0TO OXeJIAoNO NOPWV Kal OIKTUOU TwV EMIXEIPAOEWY K.W.
O1 puBUICTIKEG apXeC Oa npenel va EETACOUV PNXaviopoUg avTioTaduIonG yia TIC UNAaTapieg KTNPIwV Kal TV EVOWHATWON TOUG
OTO OXe0IA0UO TOU EVEPYEIOKOU OUCTAHATOC,
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lNMoieg AMNE odnyouv tnv Evepyeiakn AAAayn;

To duvapikd NAIaKNC Kal aloAiknG evepyeiag eival 100 popec peyaAUTePO ano TNV Naykoouia

{nNTnon evepyeiac.

Ynapxel evac TEPACTIOC EVEPYEIAKOC NOPOC XauNAOU KOOTOUC. Me TnV TpEXoUaa TEXVoAoyia
Kal O€ €va unooUVoAO JIaBEoIPwWY ToMoBEOIWV UNOPOUNE va KATAYPAWOUUE TOUAAXIOTOV
6700x10° MWh £Tnoi®G ano Tov NAIO KAl TOV AVEHO, Nnou €ival navw ano 100 ¢popec n
naykoopia {ATnon evepyelac.

H diaB&oiun yn yia eykataotacn AlE dev sival nepiopiouoc.

H yn nou anaiteital povo yia nAIaKouG GUAAEKTEC yia TNV Napoxn OANG TNG NAyKOOMIAG
evepyelac ival 450.000 km?, 0,3% Tnc naykoopiag xepoaiac ektaonc 149x106 km?2.

AUTO €ival AlyOTEpO ano Tn yn NouU anaiTeiTal yia Ta OpuUKTA Kauolua onuePa, n onoia HoOvo
oTic HMA eivar 126.000 km?, 1,3% Tnc em@aveiac Tng Xwpac.

Ref.: carbon tracker initiative, 2021
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2Uykpion TexvoAovyiwyv AllE

2UVOAIkO K6oT1og EyKaTtadoTaong, ouvteAeoTS atracXOAnong (capacity factor) kai
loooTaBuiopévo Kéotog HAeKTpIKN G EVEpyElag

Total installed costs Capacity factor Levelised cost of electricity
(2020 USD/kW) ) (2020 USD/kWh)
2010 2020 z::“:: 2010 2020 :::‘“:: 2010 2020 :::I“g":
Bioenergy 2619 2543 @ 3% 72 | 70 2% | 0076 @ 0076 @ 0%
Geothermal | 2620 | 4468 | 71% | 87 | 8 | 5% | 0049 | 0071 | 45%
Hydropower 1269 = 1870 | 47% 44 | 46 4% 0038 | 0044  18%
Solar PV 4731 | 883 | -81% | 14 | 16 | 17% | 0381 | 0057 |(-85% )
CSP | 9095 = 4581 = -50% = 30 | 42 | 40% | 0340 | 0108 @ -68%
Onshorewind | 1971 | 1355 | -31% | 27 | 36 | 31% | 0089 | 0.039
Offshorewind = 4706 = 3185 | -32% | 38 | 40 6% 0162  0.084

MeA€tn tou AleBvouc Opyaviopol Avavewotpng Evépyetag (IRENA, mapouoiaon louviog 2021) ||3biEE|g\VL/A§
Baon debopévwy amod 20.000 £pya AME (1982 GW) kat 13.000 cupdwviwy ayopag Loxvog (PPA, 583 GW)
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210X0I1 EKTTOuTTWY ATO O0TnVv EAAGOQ, diagpopa oevapia
loxU¢ twv ANE Kat tng cupBatikig napaywyne, 2050

EyKOTEOTNHEVN LOXUG LOVAS WV

GW

+ TupBartiki Osppkn loxig
B lrewOeppia
N Blopala
DwrtofoAtaika
MNopadktio ALoAKA
B Xepoaia atoAka
®Y/H
ZUvolo

19.0

2015
11.0

0.1
2.6

2.1
3.3
19.0

31.9

EZEK-
2030

7.1
0.2
0.6
9.7
0.3
10.0
4.0
31.9

32.9

EZEK-
2050

6.5
0.4
0.7
9.8
0.4
11.2
4.0
32.9

33.9

5.3
0.4
0.7
10.5
0.5
12.0
4.5
33.9

2050

4.3
0.5
1.0
26.2
1.2
16.0
5.0
54.2

EE1.5

4.9
0.4
0.8

0.5

4.7

71.8

NC1.5

BLBA.: MakpompoBeoun Itpatnytkn, He evapén oevapiwv amnod to 2030, onwc napouvactalovrtal
oto EZEK (EBvikO 2x€SLo yia tnv Evépyela kat to KAlpa), YNEN, 2019
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Critical Raw Materials for Strategic Technologies and Sectors in EU
P

N\
Fuel ﬁ
cells g
= N\

Wind /I\
Traction
Motors
Strontium
Moderate Cobalt

PGMs

PV @

A Foresight Study, Bobba, S., Carrara, S., Huisman, J. (co-lead), Mathieux, F., Pavel, C. (co-lead).
European Commission, 2020, pdf: ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N
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Development of advanced materials applications for RES and EnEff

In the field of development of advanced materials applications for RES and EnEff, Greece has
highly specialized research and academic institutions for Research & Innovation.

Critical materials are necessary in important energy applications, such as

v’ permanent magnets for wind turbines and electric vehicle engines (Dysprosium-Dy,
Neodymium-Nd, Iron-Fe, Boron-B),

alloys for batteries (Lithium-Li, nickel-Ni, cadmium- Cd, zinc-Zn, bromine-Br, vanadium-V),

for energy efficient lighting (Yttrium-Y, Cerium-Ce, Lanthanum-La, Europium-Eu, Terbium-Tr),
catalysts and separators in fuel cells (Platinum- Pt, Palladium-Pd, Yttrium-Y),

supercapacitors for energy storage (carbon-nanotubes, ruthenium-RuO2, Ag-doped MnO2) and

D N N N NN

photovoltaics (tellurium-Te, gallium-Ga, germanium-Ge, indium-In, selenium- Se, silver-Ag and
cadmium-Cd).

Ref: Critical Materials for Sustainable Energy Applications, Resnick Institute Report, Sept. 2011
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Raw Materials Used in solar PV Technologies

Aluminium: in panel frames and
inverters or in alloys for construc-
tion and support

-
.
5
o
.

Iron: in steel alloys for different
parts and in fixing systems of PV
installations

-
L
I

Boron: as dopant (p-type) in crystal
lattice of the silicon-based wafers

Lead: in alloys with tin (5n) as
solder for electric circuits and
interconnectors

Germanium: as semiconductor
materials for multi-junction solar

cells
Nickel: in electroplating or in

stainless steel frames, fasteners
and connectors

Silicon: as semiconductor
materials in crystalline or
amorphaus solar cells

Zinc as transparent conductive
oxide in the front contact of solar
cells

Silver: as conductive paste on
front and back side of the
crystalline solar cells

Critical Raw Materials for Strategic Technologies and Sectors in EU
A Foresight Study, Bobba, S., et al, European Commission, 2020
ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N

_thin-film copper indium gallium selenide
(CIGS) or indium-tin-oxide (ITO)

Copper: highly used for wires,
cables, inverters, also in 0GS
technoloay

Gallium: as dopant in semiconduc-
tors or in CIGS technology

Indium: as ITO conductive layer or
in CIGS technology

‘_® Molybdenum: as back contact for
(IGS or in stainless steel frames

Selenium: in thin-flm CIGS solar
cell

Tin: in combination with lead for
soldering or with indium in
conductive layers (ITO)

Cadmium: in thin-film cadmium
telluride (CdTe) photovoltaic
technology

e,
L,
O
[,
©

@ (Critical Raw Material

©
:@
o

Tellurium: in thin-film cadmium
telluride (CdTe) photovoltaic
technoloay

Ag: used as paste to
collect, transmit
electrons and create an
electric current.

Silica: for high
transmittance and
resistant glass in PV
modules.

Al: for making the
frames around the solar
panels; and

Cu: as conductor
material in cabling,
earthing, inverter,
transformers and PV cell
ribbons.
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Critical Raw Materials for Strategic Technologies and Sectors in EU
A Foresight Study, Bobba, S., et al, European Commission, 2020
ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N

Raw Materials Used in solar PV Technologies

An overview of supply risks, bottlenecks and key players along the supply chain

Raw materials Processed Components Assemblies
materials
Al B, Cd, Cu, Ga, Si-metal, polysilicon, Crystalline / Si modules,
Ge, In, Fe, Pb, Mo, Cu refined, Al, CdTe amorphous Si cells, Thin film Si/non Si
Ni, Se, Si, Ag, Te, Wafer modules
Sn, Zn
Critical Raw Material
EU27 M &% i 5% 1%
Rest of Europe 0 3%
China 53% I 0% I co N 0
Japan
Russia
USA B 6%
Africa
Rest of Asia 1% B 8%
Latin America
Others B 5% M 9% Al 21%
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Raw Materials Used in solar PV Technologies

¥ times mare

x times mare

EU annual material demand for PV in 2030 and 2050
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Critical Raw Materials for Strategic Technologies and Sectors in EU
A Foresight Study, Bobba, S., et al, European Commission, 2020
ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N

2030

2050

Tellurium, germanium, and indium
show the most critical demand-to-
supply ratio.
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Wind Turbines

REEs
Neodymium, praseodymium and dysprosium

Key materials in the most powerful magnet material,
namely neodymium-iron-boron (NdFeB).

NdFeB magnet is used to manufacture permanent magnet synchronous generators
(PMSG), which are used in the major wind turbine configurations.
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Wind Turbines

Iron: as cast iron or in steel e
composition for tower, nacelle,

rotor and foundation; in NdFeB

Boron: in composition of
neodymium-iron-boron (NdFeB)

Q (g ’ magnets or as lubricant
o3 C-

permanent magnets

Chromium: essential for stainless @ —_
steel and other alloys in rotor and

blades

Manganese: essential for steel @ T
production used for many parts of

a turbine

Molybdenum: in stainless steel @ T
composition for many components

of the turbine

Nickel: in alloys and stainless steel o ]
for different components of the

turbine

Niobium: a microalloying element @ —
in high strength structural steel for

towers of a turbine

L

@

B @ Dysprosium: important additive of
neodymium-iron- boron (NdFeB)
permanent magnets

B @ Neodymium: in NdFeB permanent
magnets for electricity generation

- N _ _ - ° Praseodymium: together with
o Aluminium: as lightweight neodymium in permanent magnets
material in nacelle equipment,
blades, etc.

c‘_)pper‘ widely US_’EEI In generator Critical Raw Materials for Strategic Technologies and Sectors in EU
windings, cables, inverters, control A Foresight Study, Bobba, S., et al, European Commission, 2020
systems ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N

Lead: for soldering or cable

sheathing in electricity transmission
(offshore) @ Critical Raw Material



lll"“‘% KAIE | KENTPO ANANEQZIMQON MHION
%“"“T CRES | KAI EZ0IKONOMHZHS ENEPTEIAS

Energy Storage - Batteries

The most common raw materials used (and forecasted) in batteries and their functionality
]

Copper: as current collector foil at
anode side, in wires and other
conductive parts

Graphite: natural or synthetic
high-grade purity in anode electrode
in all Li-ion battery types

Silicon: in (future) anodes to
enhance energy density

Titanium: in future anode materials
and coatings, in LTO, for battery
packaging

@_—

-0
-0

o Aluminium: for battery
o packaging or as current collector

foil (cathode), in NCA batteries

|
Niobium: in future anode and

—O

cathode material (coatings) to

improve stability and energy density

Critical Raw Materials for Strategic Technologies and Sectors in EU, A Foresight Study, Bobba, S., et al
European Commission, 2020, ISBN 978-92-76-15336-8 doi: 10.2873/58081 ET-04-20-034-EN-N

Cobalt: in cathode materials in
LCO, NCA and NMC batteries

Lithium: as lithium-cobalt oxide
(cathode) and as salt (electrolyte) in
Li-ion battery

Manganese: in cathode materials

@ for NMC and LMO batteries

o Nickel: as hydroxide or intermetallic
compounds in NMC, NCA batteries

@ (Critical Raw Material

LCO: Lithium Cobalt Oxide
NCA Lithium Nickel Cobalt Aluminium Oxide
NMC: Lithium Nickel Manganese Cobalt Oxide
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Smart Grid — Supercapacitors (energy conversion, storage systems)

Materials used to fabricate supercapacitors:
v spinel ferrites - MFe204, MMoO4 and MCo0204 (M denotes a transition metal ion)

Nickel molybdate ferrite crystal shapes depend upon the
synthesizing technique and temperature of the annealing
process.

a—d SEM images of A
a nanoflower, adapted from Kumar et al. (2020)

b nanorods, adapted from Liu et al. (2013a)

c nanowire, adapted from Chen et al. (2015)

d nanogravel, adapted from Hussain et al. (2020)

e the crystal structure, adapted from Huang et al. (2018a)

(g) (i) (g) (ii) (g) (iii)

f, g EDX spectra and elemental mapping images, adapted
from Kumar et al. (2020)

Advanced materials and technologies for supercapacitors used in energy conversion and storage: a review
by M. I. A. Abdel Maksoud et al (11 authors, 12 institutes, 65 pages)
Environmental Chemistry Letters (2021) 19:375-439 https://doi.org/10.1007/s10311-020-01075-w
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Smart Grid — Supercapacitors (energy conversion, storage systems)

Materials used to fabricate supercapacitors:
v perovskite oxides;

MCo0204 nanowires are completely
segregated with the symmetrical arrangement

Field-emission FESEM

a, d, g MnCo204

b, e, h NiCo204

c, f, 1 CuCo204 nanowires

Adapted Liu et al. (2018b). Copyright 2018,
Royal Society of chemistry

Advanced materials and technologies for supercapacitors used in energy conversion and storage: a review, by M. I. A. Abdel Maksoud et al
(11 authors, 12 institutes, 65 pages), Environmental Chemistry Letters (2021) 19:375-439 https://doi.org/10.1007/s10311-020-01075-w
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Hydrogen Production - Electrolysers

Ir/Pt for PEM Electrolysers
will support an estimated 3 GW to 7,5 GW

| -Challenges: lndustriaiisalion |

* Technology Breakthrough: | o Challenges: Cost » Challenges: Efficiency, (REf: IRENA)
Diaphragms replaced by * Technology Breakthrough: durability and cost .
membranes Redesign of over-complex ; Bre

« Significance: | systems
Industrialisations of .« Significance: Industrialisation « Significe

. Electrolysers . of PEM Electrolysers Electrolys:s
1800 1950 1980 2010 2020 2050
» Challenges: Power density » Challenges: Size and cost
» Technology Breakthrough: » Technology Breakthrough:
Polymeric Solid Electrolyte 1 MW larger stacks
» Significance: Life-support « Significance: Demonstration
applications (Space of large-scale applications

Programs) (power to gas)
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Hydrogen Storage

Electrochemical hydrogen storage performance of carbon nanosheets synthesized from
bituminous coal, H. Seifi, S. Masoum*, Dept. of Analytical Chemistry, Faculty of Chemistry,
University of Kashan, Kashan, Iran, Int J of Hydrogen Energy xxx (2017) 1ell

Porous carbon (PC) nanostructure derived from
bituminous coal, showed promising property as a
hydrogen storage adsorbent.

The PC was characterized by XRD, FT-IR, N2 BET,
SEM and TEM.

The PC shows high ultra microporosity, high total pore
volume and achieves an excellent discharge capacity
equal to 3485 mAh/g (corresponding to a hydrogen
storage capacity of 11.6 wt%) at RT.

The study shows that PC can store H2 in the range of
10.1e11.6 wt%, which meets the US DoE 2020 specs.
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Hydrogen Storage

Material Hydrogen storage Reference
capacity (mAh/g)

Graphene sheets 147.8 [12]
Carbon coated flower like Bi;S; grown on nickel foam 165 [49]

Metal contained carbon nano-onions 387.2 [50]

PtRu Nanoparticle Decorated Ordered Mesoporous Carbons 411.8 [51]
NiFe,/ordered mesoporous carbon 418 [52]
Hollow carbon nano-onions 481.6 [53]
Aligned single-walled carbon nanotubes 503 [54]
Ordered Porous Carbon 527 [55]
Hollow Core/Mesopore Shell Carbon 586 [56]
Mesoporous carbon nanofibers 679 [1]
Cobalt—graphene nanocomposites 899.5 [57]
Fullerene/Cobalt Core/Shell Nanocomposites 907 [58]
Bituminous porous carbon 3485 This study

Electrochemical hydrogen storage performance of carbon nanosheets synthesized from bituminous
coal, Hooman Seifi, Saeed Masoum*

Dept. of Analytical Chemistry, Faculty of Chemistry, University of Kashan, Kashan, Iran

Int J of Hydrogen Energy xxx (2017) 1ell
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=

Tehikn KaravaAwon Evepyelac oTov Topea Twv MeTapopwv (ktoe)

5770 0146
5% U 7489 7855 7395
6834
mES NN
EZEK-2030 EZEK-2030 EZEK-2050 EE2 MNC2 EE1.5 MCLl5
2015 2030 2050
KavUowa bunkers 1783 2962 3254 3205 2827 2530 2686 2779
m HASKTpLOUOC 33 138 407 720 516 799 1161 820
B FuvBeTika uypa Kol oo 0 0 0 0 0 713 0 1546
B Buwkalowa 152 356 435 1713 2408 1682 1108
B Bwoagpo 0 0 4 o] 50 93 143
YBpoyovo 0 0 2 120 103 368 A87
N ZuvBeTiko MeBawo 0 0 0 0 0 234 414
B Quowd agpo 13 147 331 439 177 153 61 2
®Yypd OpUKTA KO O 6357 6127 4913 2042 1008 882 21 27
IOvoAo TEAKAC KaTavAaAwong 8339 9770 9346 8308 7489 7855 6834 7395

LTS
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KaTtnyopiec Biokauoipwyv

>  ZUMBATIKA ) TPWTNG YEVLAC BloKaU oL

/

% BuovrileA - peBuleotépacg Autapwv ofewv (FAME) - mou mapayetal ano eotepomnoinon Gutikwyv eAaiwv (Omwe coyLlEAaLo,
dowikeéAalo, kpapPEAaLo, nALEAaLo)

X/

% BoatdavoAn mou mopayetal anod (VHWoN OCOKXAPWV KoL OpUAoU ocoakyapoUXwv ¢utwv (Oomwe {axapoKAAQUO Ko
{oxapOTEUTAQ) | APUAOUXWV KAAALEPYELWV (OTIWC KAAQTTOKL KOLL OLTAPL).

X/

%  Bloaépto, IOV TTOPAYETAL ATIO AVAEPOPLA XWVELTN OPYAVLKWY UTIOAELUMATWY Kol armtoBARTWY KOBWE Kal YEWPYLKWVY ELOWV.

2tnV aélomolnon VEWPVYLKNG yNC avtaywvilovtol KOAALEPYELEC TPODLUWY, UE EMUTTWOELC OTN XPNOoN ync Kot otn BlomolkiAoTnTa.
Amatteital n cUPHOPPWON TOUC LUE Ta KpLTrpLa asldopiag.

» lMponyuéva Biokavoiua

MopAayovTtol amo YEWPYLKA Kal SAOLKA UTIOAELPpATA KAl amOBANTA TWV OXETLKWV BlLOUNXaviwy 1 amo KOAALEPYELA N TPODLIKWV
dUTWV TIOU KOAALEPYOUVTOL OE AYOVEC EKTAOELG £(TE 0€ aeldpOpa ouoTripata KaAALEpYELac. MepthapBavouv:

/7

s AyvokutaplvoUyo atbavoln, mou napaystal ano tn Vpwon Tng KUTTOPLvng Kat NULIKUTTApivng Twv dutwv

/7

s BTL (biomass-to-liquids), cuxva avadepetat kat wg Fischer-Tropsch vtileA

/

¢ Ybépoyovwpueva putika €Aata (HVO/Hydrotreated Vegetable Qils)

/

s Blokavolpa udpoemnetepyaopuevwy eoTEPWV Kat Autapwv ofewv (HEFA — Hydroprocessed Esters and Fatty Acids) amofAnRtwy Kat
UTTOAELUHLOTWV.

Ta Blokavowpa BTL, HVO kot HEFA eival ‘drop-in” Brokavowpa, dnAadn vypol Blo-udpoyovavOpakec mou eival AELTOUPYLKA
toodUvapol Tou etpeAaiov, cupPatol pe TG UPLOTAUEVEC UTTOSOUEC TIETPEAALOU KOl TLG TEXVOAOYIEC OXNHUATWV.
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KooTtoc NMapaywyng BiIokauoipwv

A
I B st A AP S A P A A A S
170 MWh! === Original data Chapter 2
Y B e isian sttt S S sl m Adjusted by SGAB--—--—--ooene
Fuels for L
150 — MDY s essssssisiss s amaisissieiies B
Via = Cellulosic
140—1 1. Pyrolysis s EOH .
130 =i J Jougor . ... e PR | . g
12044~ N L | s P
- : Biomethane
110 =t----- :é., viéA;i;L""""" NS | S—
100 — G — ] ------------------------------------ MeOH/ -
" a8 a
90— o :‘7‘ ................................................ DME .......... S
80— BerrencrnneneeeBcnieenneeeen -Biomethane———J 4 f-
. lvia gasif.
70—1 : -----------------------------------------------------------------------------------
60— e ] L i e i
DO T e e GOl (lasel = U A Rty =l DEEEE NI e T
el s St e S S S e S S e sk r b i coai e s s e crudeoil.............
40 ;
R Crudeat50USD/bbl PIE 2
30
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YEUR / MWh)/3.6 = €/G)

2Anaerobe Digestion
(large span due to very different feedstock costs)

Mnyn: Building Up the Future Cost of Biofuel. Sub Group on, Advanced Biofuels Sustainable Transport Forum, 2017

To BlopeBavio kat ta udpoyovwpeEva
dutka €Aaia (HVO) Bpilokovtal péca
oTa 0pLa SLAKUPAVONG TWV TLHWV TWV
OPUKTWV KaUOLHwV (TeTpéAalo Ko

Bevlivn).
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Kpitnpia asigpopiag BIokauoipwv Kal BIOPEUCTOV

... Ta onoia diac@aAifouv OTI ano Tn xpnon PBIoKaAuUCiJwWV Kal BIOPEUCTWV ENITUYXAVETAI PEIWON TWV
eknounwv ATO Kal OTI sV NAPAYOVTAl and NPWTEC UAEC NPOEPYOLIEVEC ano £dA®N LE uwnAn a&ia
BionoIKINOTATAC Kal EI0IKO KABEOTWC NPOOTACIAC N EKTACEIC UWNAWY anoBsuaTwyv avepaka.

Biokauolila, KPICIHOI NAPAHETPOI

v'Ta asipopa PBlokauaoipa eEapTwvTal ano 7o KOGTOG TNG NP®WTNG UANG.

v'Kpiolyo¢ napayovrtag yia TNV OIKOVOMIKN PlwoIgoTnTa TNG napaywyng Plokaucipwy, &iTe ano
unoAeippata  (Yewpylka/daoika) €iTe ano €eVveEPYEIAKEC KAMIEPYEIEC, anoTeAei i OnHIoupyia
£(od1aoTIK®OV AAUcidwv.

vTa udpoyovwpueva ¢uTika €haia (HVO) napayovrtal nAEov O€ €UNOPIKN KAiHAKa o€ XapnAOTepa
KOOTN and Ta aAha nponyudeva Biokauoipa, NANV OPWC Ol NAPAYOPEVEC NOCOTNTEC Eival PIKPEC AOYW
neplopiopevnc O1abeo1NOTNTAC NPWTWV UAWV.
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Evepysiakn Autoduvapia EAAadoG

E€EALEN Asiktn Evepyelaknic E€dptnong

80%

75%

70%

65%

60%

55%

50%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

>Tolxeia Eurostat, avaktnOnkav ZenT. 2021
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Apaoeic yia Tnv Evepysiakn Autoduvapia TnG EAAadog

v BeATiwon Evepyeiakng Anodoong € 0Ao To GUVOAO TNC OIKOVOUIKNG Kal KOIVWVIKNG
dpaoTnpIOTNTAC.

v Nieioduon AME 100% otnv MNapaywyn HE pe epappoyn TexvoAoyiwv EUNvVwV SIKTUWV Kal
anoBnKeuonG EvEPYEIAC,

v EENAEKTPIONO OIKTUOU OBIKWV HETAPOPWV.
v’ Biokauolua: Peiwon Tou KOOTOUC O ouVOUAONO KE TNV EKNANPWON TWV KPITNPIWV AgIpopiac.
v’ Aflonoinon Tou udpoyovou w¢ EvepyEIaKoU (POPEA Kal HECOU anobnKeUONC EVEPYEIAC, UE TNV

avanTuén unodopwV Kal XPnoewV Tou OTIC HETAPOPEC, oTa dikTua DA Kal o€ BIOUNXAVIKEC
dlEPYATIEC.
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Kévrpo Avavewoipwy MNMnywv kai E¢oikovopunong Evépyeiag
19° xAu. Acwpdpou MapaBwvog, 19009 Miképui
T. 2106603229, grpr@cres.gr
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