Nétpog Nanayswpyiov

MnxavoAdyog HAéKtpoAéyoq MnXavikog
MSc otig Avavewotueg NMnyeg Evépyetag kat ta Mponyuéva YAKA.




To CO, sivat tpodn Twv pUTWV KAl MAPAYWV TIPACLVNG AVATITUENG
2TOV aVATT0d0 KOGHO OUWGE N IMPACLVN avAantuén eMdLWKETAL XWPIC aUTO

Plants love CO2 for a good reason

PP PP
Idso 2013 The positive externalities of CO2
CO2 Science http://www.co2science.org




Function of a stoma

To CO, wg Tpodn Twv PuTwv

* Mwa tepiAnn 270 gpyaoctnplakwv peAetwy (ldso, 2013) and 83
KaAALEpyeLeg €6Lée OTL N av§non Twv cuykevipwoswv CO, katd 300
ppm avfdvel TNV avantuén twv GuTwV KAatd peEco 0po 46% oe OAEC
TIC KAAALEPYELEC TTOU HEAETHONKav.

Closing
of stoma

* AvtiBeta, évag peyalog aplBuog peAdetwyv deixvel tig Suopeveig
gmuNTWOoeLg evog nepLBaAiovrog xapnAwyv emunédwv CO,.

* a napadeypa, o Overdieck (1988) £dsife 6T, o cUYKpLON UE
oNUEP, N avartuén twv GuTWV NTAV HELWHEVN KATA 8% KATA TNV
nepiodo npwv and tn Bropnyxavikn Emavaoctacn, e tn XaunAn bt

ouykevtpwon twv 280 ppm CO,. more skomata on the lower surscs o

Idso, 2013 — Evepyetikecg enmtdpaocelc tou CO, ota puUTA

Idso, C.D. (2013). The Positive Externalities of Carbon Dioxide: Estimating the Monetary Benefits of Rising Atmospheric
CO2 Concentrations on Global Food Production. Center for the Study of Carbon Dioxide and Global Change.

https://www.co2science.org/education/reports/co2benefits/idso2013.pdf
(Opyaviopog CO, Science — Emtotnuoviki Baon dedopévwy yia embpaoceilg CO, otn yewpyla)

https://extension.okstate.edu/fact-sheets/greenhouse-carbon-dioxide-supplementation?
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EAayiota kot peEylota enineda CO, yia ta

neplocotepa dbuta:

EAaxloto yia emiBiwon: 150 ppm

Oplo yia pewwpevn avartuén: 200 ppm
Turikod CO, mepParrovtoc: 410 ppm

EUpoc yla evioyvon tnc avamntuéng: 1.000 ewc
1.500 ppm

Méyioto yia emiBiwon: 1.500-2.000 ppm

To Yrnioupyeio Mewpyiog, Tpodipwv kat
Aypotikwv YoB£oswv tou Ovtapio (OMAFRA),
KOOWC KOl YEWTIOVIKA Ttavemiotipa twv HMA
(onwc¢ to Oklahoma State University kat to
University of Florida), éxouv ekdwoel
OVOAUTLKOUG 08nyou¢ yia tnv evioxvon pe CO,
ota Beppuoknma Kot avadEPoUV OTL N avénaon
CO, ota 1.000—-1.200 ppm UIOPEL VL EVIOXUOEL

TNV rtapoywyn Katd 20% ewc 30% .

To péyiloto CO; (onpeio KOpEOHOU) yla Ta MEPLOCOTEPL

duta kupaiveton petav 1.000 ko 1.300 ppm.
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https://www.agrowtronics.com/how-much-co%E2%82%82-do-plants-need/
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Taon avénonc tnc BAactnong
TOYKOOMLWwC (1982-2021)

Otav avéavetal to CO,, n @Lon avtidpa Kat
TAPAYEL TEPLOGSTEPN YAWPOWUAAN® n BAdoTnon
EVIOYVETOL, OTTOPPOWYWVTAC EPLGGOTEPO S10EEiSL0
KOl ETAVOQEPOVTAC LO (QUOLKN LooppoTTial!

AvdAvon dedougvwy Ttep(tovu 35 eTwv (1980-2015)
- €8eL&e OTL:
H maykooua uAAIKN empavela avgnonke
TLEPITTOL 5-10%.
To eMUMAEOV TTPAGLVO LOODUVAEL UE Lo TTEPLOXN
BAdotnong mepimov oto uéyebog twv HMA

https://www.ipl.nasa.gov/videos/watching-earth-breathe-the-
seasonal-vegetation-cycle-and-carbon-dioxide/

https://www.sciencedirect.com/science/article/pii/S00344257240030
06
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Christy, ].R. & McNider, R.T. (2017). Satellite Bulk Tropospheric Temperatures as a Metric for Climate Sensitivity.

Asia-Pacific Journal of Atmospheric Sciences, 53(4), 511-518. https://doi.org/10.1007/s13143-017-0070-z
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» Christy, ].R. & McNider, R.T. (2017). Satellite Bulk Tropospheric Temperatures as a Metric for Climate Sensitivity.
Asia-Pacific Journal of Atmospheric Sciences, 53(4), 511-518.
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H tpg€xovoa taon avénonc tng Beppokpaacioc Oev lval
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H emtiotnuovikn €peuva £xel Oel€el 0TI TO KAl NG NG KaBopilleTal amod puGIKOUG
TPOXLAKOUG KUKAOULC (KUKAOL Milankovitch) Tou TpokaAoUyv GnUAVTIKES LETAPOAEC
Oepuokpaociag avefdptnta and tnv avBpwrivn emidpacon.

Milankovitch, M. (1941). Canon of Insolation
and the Ice-Age Problem

(To €pyo yLa TOUG AOTPOVORLLKOUG KUKAOUC TTOU
ennpealouv to KAipa tng 'ng)

¢ https://archive.org/details/MilankovicCano
nlnsolation
https://earthobservatory.nasa.gov/features/Mi
lankovitch

¢ NASA ywa Milankovitch Cycles:
https://climate.nasa.gov/news/2948/what-
are-milankovitch-cycles/

https://www.universetoday.com/39012/milankovitch-cycle/
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H mtpayuatiki duvatétnta tng yng va anodnkevcel pue ac@daieia Stogeidlo tov avOpaka (CO,)
g(val TOAU LWKPOTEPN ATIO O,TL TTOTEVOTAY £WE TWPO, CUUPWYVA LE VEX LEAETI TTOV SNUOGCLEVONKE
oTIG 3 ZemTteUPpiov 2025 TNV eMIOTNUOVIKY EMOewpnon Nature.

nature View all journals ~ (Q Search  Login H Xpl’iO’l‘]
Explore content v About the journal v  Publish with us v Sign up for alerts £\ RSS feed TEXVOAOY[({)V
nature > articles > article 68’0'!18\)01']( Kal
Article  Open access Published: 03 September 2025 Download PDF N anoenksuonq
A prudent planetary limit for geologic carbon storage __ B dvOpaxa (CCS)
Matthew J. Gidden E, Siddharth Joshi, John J. Armitage, Alina-Berenice Christ, Miranda Boettcher, Elina /4 ’
Brutschin, Alexandre C. Kéberle, Keywan Riahi, Hans Joachim Schellnhuber, Carl-Friedrich Schleussner & Associated content pnopsl va pslwcsl
Joeri Rogelj Collection i Tn [J.EO'I’] Tt(lYKOO'l.lla
Nature 645, 124-132 (2025) | Cite this article Carbon Dioxide Removal GEPHOKPQG&I l.lO’AlC
123k Accesses | 57 Citations ‘ 1772 Altmetric | Metrics Sections Figures References Katd 0’7°c, T[OA()
© This article has been updated Abstract 4 4
: XOUNAOTEPOA ATTO
Main ,
Abstract Limits to geologic carbon storage nponvoupsveq
cat o mitigat - ekTiunoelg (5-6 °C).
Geologically storing carbon is a key strategy for abating emissions from fossil fuels and 'mplications for future mitigation strategies l—lrl q (5 )

durably removing carbon dioxide (CO,) from the atmospherel-2. However, the storage Robust strategies under uncertainty

https://www.nature.com/articles/s41586-025-09423-y?




H Evpwnaiki Evwon euBuvetau yua tepinov 7-8% twv
TIOLYKOO LWV eKmopunwyv CO2.

H Kiva €emepva to 30% kot n lvéia av€avel cuvexwe to
QIO TUTIWUA TNCG.
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https://www.iea.org/reports/global-energy-review-2025/co2-emissions
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EKtlpd»stn sknopnﬁ SloEELSioO TOU o’wGpaka (CO,)
ava emmpdtn Ka avd dtadpoun

‘ x|  Sunday, 07 JUN 2026

BA 854 07JUN, 14:20
British Airways 07JUN, 17:20
Check-in 02h 00m (Non stop)

Baggage : OPC

| X Tuesday, 09 JUN 2026

BA 853 09JUN, 14:00
British Airways 09JUN, 15:10
Check-in 02h 10m (Non stop)

Baggage : OPC

Airlin

London, (Heathrow)
Prague, (Vaclav Havel)

CO2 E:118.779 kg

Airlin

Prague, (Vaclav Havel)
London, (Heathrow

CO2E:118.769 kg
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CO2 Nnyn Afopevon Iuvpmicon Metadopa
Napaywync

AmoBrikevon . émwe otov Mpivo
CCS : Carbon Capture and Storage

Qutpapoupe 1o CO2 and 1o xWwpo Twy Blopnxavixwy
anofiftwy, to Suaywpilovps To and ra dA\a ovoTaTkd Kat
01tn SUVEXELA TO anoBNKEGOUE O YEWAOYIXOUE OXNUATIONOUS
N xdrw and ) Bd\acoa... Exot yiverar to CO2 kAypuaroloyxd
aphaBéc. ESW npdxewrat yia xaBapd xeipropd anofirtwy.

NPOIOVIWY

CO2 Aéopcuon ﬁﬁ Mapaywyh GAwY

CCU: Carbon Capture and Usage

O otdyoq edw elvat va xpnowponownBel

10 CO2 wq npwtn VAN yia TNV napaywyn

OPLOPEVWV Blopnxavixwy npoitdviwy,

X

*  Xnpuxd npotdvia

* napaywyr] ouvBETIKWY KAUOLWY
(e-fuels) xAr.
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CCS - Can we simply bury our
CO2 problem?

02.12.2024 Dr. Steffen Bukold CCS

Our latest report on CCS is now available in English. It was commissioned by Greenpeace
Germany and first released in September 2024.

| would like to emphasize two aspects in particular:

1. The report provides a detailed and, in my opinion, clear and jargon-free presentation of the most important
active CCS projects to date (Sleipner, Snghvit, Gorgon et al.). They demonstrate how difficult, unplannable
and individual each CCS project is.

Even under the most favorable conditions (capture of CO2 in a neighboring natural gas field) and executed by
the most capable actors such as Equinor or Shell, CCS projects remain an enormous challenge. Complete
failure is not uncommon.

2. The second point is closely related: CCS projects are not scalable and the entire CO2 chain is prone to
technical faults, especially CO2 capture with amine scrubbing. For example, to dispose of 10 percent of
fossil CO2 emissions (oil, gas, coal) with CCS, 3300 Sleipner projects or 570 Northern Lights (Phase Il)
projects would be necessary.

https://www.energycomment.de/ccs-can-we-just-bury-our-co2-problem/
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- 20pdwva pe tov AleBvi Opyaviouo Evépyerag (IEA-International Energy Agency),

«To kooto¢ kepadaiov Twv puovadwv avipako ue CCS ewc to 2030 ektiuatal tepinov
£EL opEc uPnAotepo armo ekeivo twv wTtoBoAtaikwv peyaAncg kAipakag, kadiotwvrac tnv
texvoloyio autn eéalpetiko akptBn».

- To lvotitouto OWKOVOMIKAC Kot XpnUatoolkovouilkne AvaAuvonc tnc Evépyeioc IEEFA
Institute for Energy Economics and Financial Analysis emBeBalwvel otL:

«Tae opukta kavowua ouvvbvaocueva ue CCS kadiotavrat O0Ao kat Alyotepo
QVTOYWVIOTIKQ CUYKPLTIKO UE TNV QULOALKN) KOl nAlakn eVEPyeEla, KAGOTWVTAC TO
uokportpodeauo ueAAov touc eéaipetikce SUCKOAO».
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Gorgon CCS underperformance hits new low in
2023-24
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Chevron’s Gorgon CCS Plant Records Worst Performance
Ever

Key Findings

In the last financial year, the Gorgon CCS project captured only 30% of the
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of CO2 captured increased again in the last year to $222.
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World's biggest carbon capture plant running at one
third capacity, Chevron Australia reveals

By energy reporter Daniel Mercer
Energy Industry
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received for the project, nor the cost of purchasing carbon offsets.

Figure 2 - Theoretical vs actual costs for the Gorgon CCS project, $/tCO2 captured
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https://www.theenergymix.com/chevrons-gorgon-ccs-
plant-records-worst-performance-ever/ Source: Chevron, IEEFA analysis. Note: the theoretical cost is calculated based on initial

project costs of $2.5 billion and annual capture rate of 4 MtCOZ2.
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2.3 Failures overseas: In Salah, Gorgon, Quest

2.3.1 In Salah (Algeria): surface uplift and project cancellation

Another CCS project was carried out next to the In Salah gas field in the Algerian desert. As

with Sleipner and Snehvit, the natural gas had a very high CO, content, which the project

partners BP, Equinor and the Algerian state company Sonatrach (operator) wanted to
capture and inject into an older gas field in the ground.

The geological conditions were considered simple and manageable. A common fold in the

rock layers (anticline) had formed a geological saddle with a very thick impermeable layer

(950 metres). The chosen disposal site (Krechba formation) was at a more than adequate
depth of 1900 metres.[Q49]

Surface uplift due to CO, injection
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Source: Greenpeace Germany

2. In Salah CO2 Storage Project

CO, Re-injection

Dehydration

https://ieefa.org/resources/carbon-capture-has-long-history-failure

https://www.yumpu.com/en/document/read/237062/the-in-salah-ccs-

| experience-sonatrach-algeria-the-in-salah-ccs-/9

https://www.energycomment.de/ccs-can-we-just-bury-our-co2-problem/
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In Salah CO2 Storage Project

Caution required due to In Salah, Algeria experience

What happened?

« Massive pressure rise
happened early on in
operations

« Jeopardized gas
production

» Kept injecting

» Detected geologic failure
due to pressure drop

* Injections permanently
suspended

« Was deemed okay since
it was voluntary storage
activity

» CO, again vented to
atmosphere

._&ﬁ'.ﬂ;ff,:, Institute for Energy Economics
.‘.“.‘.'.::ag and Financial Analysis

o
Upward movement

of surface, approx.
25mm. Sufficient to
induce cracking in

Rock mechanical strajn built structures
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Possible vertical extension Elevated pressure in
of fault/fracture reservolr volume

| [\ .

primary Storage Unit e ) }_ L4 —:::

CO; plume
{free-phase gas) ~Tkm

Unchecked CO.; injection without pressure relief measures appears to have induced
fracture of the caprock layer above the storage site. Had the two caprock layers not

been so thick (~900m), containment could have been compromised

d injection well KB-502 IEEFA

ect: lessons learned and knowledge transfer.

Sketch illustrates main geomecha
Source: Energy Procedia. The
Ringrose et al. Mo 37 2013, p. 6226-6236




3. Boundary Dam (Kavaddg) & Petra Nova (HMA):

* To kOotoG oto Boundary Dam &enmépaos to $1,5 81c Kat
o pouciooe ouveXelc LnNXavIKeG BAABec.

e To Petra Nova £kAetoe to 2020 (kat emavaAetoupynoe
opyoTEPA HE HEYAAEC €ETULPUAAEELC) AOYW OLKOVOULKAC
acupPatotnTog HeE TG SLOKUMAVOELG TNG TWUAG TOU
nietpehaiou.
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Norway'’s Sleipner
and Snehvit CCS:
Industry models or
cautionary tales?

Unexpected subsurface geology developments
in the two projects call into question the world's
offshore CO, storage ambitions

Grant Hauber, Energy Finance Analyst

4. Sleipner & Snghvit (Noppnyia)

210 Snghvit, LOALG 18 pnveg Peta tnv €vapén, n mieon oto onpeio anoBnkevong
OVEBNKE HUE YEWHETPLKN TPO0SO o€ eMiKivéuva emnineda.

OL emiotrpoveg ocuveldntomnoinoav otL n yewAoywkn dopun v anoppodouoe 1o
CO2 onwc eixav deifel o OewpnTIKA LOVTEAQ.

XpeLdotnkav ENElYOUOES, MAVAKPLBEG TPOTIOTOLCELG KOl VEEG YEWTPHOELG

EKATOVTASWV EKATOUpLUPIiwV doAapiwv yia va Bpebel véo octpwipa armoBnkev
artodELKVUOVTOC OTL N UTTOYELA CUUTEPLPOPA TOU aegpiou eival v ToAAoL
arnpoPAertn.

G

Eight CO, storage layers become nine

« Original geophysics concept was that
CO, would gradually percolate up
through a number of shaly layers over a
period of many years

( Layer 9 was not known to exist
before COz into

Utsira Formation

« This configuration was identified through
preliminary seismic studies and
calculations

Side (layer) view

* Instead, in less than three years, CO,
had moved all the way up to underneath
the caprock

» CO, accumulated in a previously -
unidentified layer 9

+ At some point after 2004, this
accumulation accelerated to large
volumes

Top (plan) view

» The horizontal boundaries of Layer 9
remain unknown

TN
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Aiseve(q anbtux(eq CC-S:
Gorgon (Avotpalia): KATtw amod 50% amodoaon
In Salah (AAyepia): ctaudtnoe AOyw YEWAOYLKWY KIVOUVWY
Petra Nova (HIMA): oikovoukad un Buwaotuo
Snghvit (Nopfnyia): emikivouvn av€&non mieong

Kowvd cuunépacua: VPnAo KOGTOG, TEXVIKA TTPpoBArjuata,
aféPaia amoteAsouata.




Eav mpokOyouy .
aoctoxieg otn
OTEYAVOTNTA TWV
TMETPWUATWY 1
LEAAOVTIKEG SLAPPOEQ,
TToLo06 Oa pag
T(POCTATEVCEL;

H acpaing e€6puén
TMETPEAAiIOV, OEV
UTtopEi va eyyunOei
KOl 0o @aAN
anoBnkevon CO,.

EZOPY=H NETPEAAIOY

ANMOAEIFMENA
AzZIONIZTO
A XPONIA

XAMHAOZ
KINAYNOZ

’ 1A10 YNOOAAAZZIO KOITAIMA. 2
“ AIA®OPETIKOZ BAOMOZ ABEBAIOTHTAZ “

\ iy ”: _ Kmxmfvnov ) N

H NMPOHITOYMENH AZ®AAHZ EZOPY=H AEN ElTYATAI AZOAAH ANOOHKEYZH CO,.

ANMOOGHKEYZH CO,

YNAPXOYN

' ABEBAIOTHTEZ

AIAPPOH ?
METANAZITEYZH ?

AANATEL
ITO NETPQOMA ?

YYHAOTEPOZ
KINAYNOZ




Kivouvol Tou evog Epyou amoOnkevong CO, atov Mpivo

Actoyia vtodouwy (aywyoli, yewtprioelg, cuotrijuata cuumieong) kat Stappon CO, 6Ty atudc@aipa
Kal otn 0dAacoa HEGw pnYUATWY.

AUEnon tng mMiEoNG GTOLG TAMEVTAPES, LE KiVOLVO ETTAYOUEVNG CELGUKOTNTAG 1] aTtocTaOepomoinong
TWV YEWAOYIKWY CXNUATIOLWV.

MOAAuveon LTTOYELWY LEATWY TOV LEPOWOAPOL opilovTa HEGw HETAKIVNONG AAATWY 1] BapEwy
UETAAAWY. H Xprion XNHIKWV QUVOV yia th 8£cEuon Tou dvBpaka aneAevBEPWVEL TOSIKEG KAl KOPKLVOYOVEG
OUGLEC TTOU puTtalivouv Tov aépa Kat To £€6atdoc yUpw aTtO TIG EYKATOAOTACELG

O¢ivion twv BaAdcolwv vdatwyv, urntofaduLon Twv OAAACOLWV OLKOCUOTNUATWY KoL LELWON TNG
BlomoktAotntag..

ZoBapEG EMMTWOELG OTNV AALELQL.

OIKOVOULKEG KOl KOLVWVLKEG ETUTTTWOELG: H avnouyia ylo mibavd atuxpata LRopei va EnNpedosL apvnTikd
TOV TOUPLOMO, HELWVOVTOC TNV EMLOKEPLUOTNTA KAl EMNEEAIOVTAC TNV TOTILKI) OLKOVOHLiOL.

YUnAo KOG Tog Kat Stayelplotiki apefatdtnTa: To épyo amoutei onpavrki Snuécia xpnparodétnon Kat
HaKpoXpovia tapakoAolBOnon. Eyeipovton eUAoya epwtiota yio To motog Oa KaAUYP EL TO KOOTOG KOl TLG
EMUMTWOELC o€ BABoc dekaeTiwy, LOiWC o€ nepintwon dtappowv A mepLBaAloviikwy BAaBwv.




Aipvn Nyos, Kapepouv, 1986:

Méoa o€ aktiva 25 XIAIOUETPWY, 1.746 dvOpwT oL Kol
nepimov 3.500 {wa méBavav and acyuiia péca oe
Alya AeTtTd, TNV OPA TTOU KOLLOVTOLGAV.

H Aipvn Nyos oxedov kokkivn (ano tnv nAouoia o€ aidnpo IAU
TOU NUBPEVA PETA TO CUPBAV TNG auBopunTNG EKAUCNC TOU
povikoU vepouc CO2 kal Ta konadia vekpwv {wwv.

http://webapps.chem.uoa.gr/efs/chemicals/chem carbondioxide.htm#11



http://webapps.chem.uoa.gr/efs/chemicals/chem_carbondioxide.htm#11

Z0G EVXOPLOTW!
Métpog Nanayswpyiov

Mnxavokéyoq HAsKtpoAéyoq Mnxavixéq
MSc otig Avavewotueg MnyEg EvEpyelag Kat Ta TPonyUEVA LAIKA.
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