Aéopeuon Kai
amrodnkevon CO,

lwavvng HAi6TouAog

ldarpa, 2015

O1 extroptrég CO, Bewpeital 6T ATTOTEAOUV TO
BaCIKOTEPO AVOPWTTOYEVEG AEPIO BEPUOKNTTIOU UE
ONMAVTIKI) CUPBOAN OTO QAIVOUEVO TNG UTTEPBEPUAVONG
TOU TTAQVITN KOI KOT ETTEKTACN TWV KAIUATIKWY OAAQYwWV

TTOU QUTI] ETTIPEPEL.

7/11/2017



IMivukoeg 1-2. Zuykevtpaosig uépuwv Osppoknmiov Yo ta £t 1750 ko 2010

(Blasing)
‘Etog
Aépra 1750 | 2010
Duykéivrpoon (ppm)  Zvykévrpwon (ppb)
CO, 280 384.8
CH,4 700 1865
N>O 270 322
O; 25 34

twittery KAigatikiy ahhayr Kai
avBpwTroyevng TTpoéAeuon Tou CO2

Peter English @PeterEng252525 - Oct 25 ~
As a scientist how do you differentiate natural occurrences vs "man made?'ls that
even possible.Trying to wrap my head around the difference

L2 3 Qs =

Dennis Just f/
% @sciencepolicia m v
Replying to @PeterEng252525 @DrShepherd2013
That's a really great question. First let's see if
the CO2 in the atmosphere is natural or
"man-made", i.e. comes from burning fossil
(1/14)

1:48 PM - 25 Oct 2017

17 Retweets 36 Likes 1 @ e _E gﬁzi_l . ‘ e ‘H

Q7 17 ¥ 3 [}

‘ Tweet your reply

2
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twitter ¥

g

Dennis Just ¥ @sc encepolicia - Oct 25 v
Replying to @sciencepolicia @PeterEng252525 @DrShepherd2013

.. fuels (FF). FF carbon has a different isotopic compaosition than inorganic carbon.
Climate scientists confirmed it's the FF carbon! (2/14)

s F
7F
5 {81
2 £
l; 6 140 o
8 {7s 8
4 o
T sf 17t o
] @
-1 q-7.7
K]
T 4f L " , \ ' . vl
1970 1975 1980 1885 1990 1895 2000 2005
1 m 3 (VAT &
Dennis Just J! @sc encepolicia - Oct 25 ~

So we know we're adding CO2 to the atmosphere, but is it responsible for the
warming? Let's check. (3/14)

(21 2 (VAR ]
twitter¥
Dennis Just ¥ @sc encepolicia - Oct 25 ~

g

Ifit's CO2, we'd expect less heat escaping to space and more being trapped in
the lower atmasphere. Both are confirmed! (4/14)

Spectrum of greenhouse radiation

ves

Radiance (W/{cm? sr cm™))
§

600 800 1000 1200 Ta00 1600 1800 2000

Wavenumber (em™)

1 2 QD 12 i
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Dennis Just ' @sciencepolicia - Oct 25 ~
We'd also expect the stratosphere to cool, since more heat is being trapped

below it. This is confirmed! (5/14)

Gilobal lower stratospheric anomalies from Jan 1958 to Dec 2012
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twitter¥

Dennis Just @sciencepolicia - Oct 25 v
We'd also expect nights to get warmer than days if it's CO2. This is confirmed!

(6/14)
Frequency of cold and warm days and nights
Cold nights Cold days

20 ]

o o I o EA;"—HM:“W
ST TS 970 eSS TS0 B000 1065 WG WT0 TeR Tee0 3000

Warm nights Warm days
20| 4 20| -
0 : q m\'_ﬂ',_q,ﬁ.-u,‘dﬂlr:ﬂImIL

1950 1880 1970 1880 1000 2000 1960 1060 1070 1860 1980 2000

Dennis Just @sciencepolicia - Oct 25 v
We'd also expect a rising tropopause and a shrinking ionosphere if it's CO2.

Confirmed! (7/14)

Q1 2 O n i

- Dennis Just @sciencepolicia - Oct 25 v
And finally, the amount of CO2 is enough to account for the observed warming.

It's all consistent ;) (8/14)
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twitter ¥

a3

Dennis Just ¥/ @sciencepolicia - Oct 25

~

Now, what about other culprits? It can't be the Sun - solar activity is falling while

the Earth is still warming. (9/14)

Temperature vs Solar Activity

— Temperature 11-year average
Temperature yearly
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Total Solar Irradiance (W m )
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twitter ¥

¢ & ¢ ¢

Dennis Just J/ @sciencepolicia - Oct 25
Furthermore, the Sun would warm days more than nights - the opposite is
observed! (10/14)

D 2 (WA =

Dennis Just @sciencepolicia - Oct 25
Even maoreso, the Sun would warm the stratosphere, too - the opposite is
observed! (11/14)

Q1 2 Q7 ]

Dennis Just @sciencepolicia - Oct 25

Similar arguments are made to rule out cosmic rays, the Earth's albedo, etc.

(12/14)
O 2 Q7 =

Dennis Just J/ @sciencepolicia - Oct 25

~

And clouds. while a big source of uncertainty. have enough offsetting effects that

they can't account for the observations. (13/14)

(9281 2 Qs =
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twitter ¥

Dennis Just ¥ @:c encepolicia - Oct 25 A
Replying to @sciencepolicia @PeterEng252525 @DrShepherd2013

So that's the basic idea - does that make sense? Cheers! (14/14)

ak AF Torms: RF valuos (W m®) [Spatial scala] LOSU
1880149101831 | oover | vaon
Longlived
areennousa gases 0.48 (04310 0.53]
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Ozona Med
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Oiroctsfnet 0510901 | Srieel | M |9
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Yoroen | Coudskeda Connanial s
g 07F810-03) | TUNE | ww |,
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é Salar irraciance. 01200810030 | Gobal | Low |3
=
Total net T
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Radiative Forcing (W m2)

The National Oceanic and Atmospheric
Administration produced this video showing
the unique nature of the modern spike in the
atmospheric concentration of carbon dioxide

http://www.youtube.com/watch?v=Roa73Q8qZtA
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1.4.3  lnyéc exmoumne
Or xkOpron topeic  exmopmis  wepiov  TeV  Beppoknmiov  and  avbpomoyeveig
SpucTpoTTes sivar o1 e&ig:
26% exmopnig and mupayey nrexrpreol peipatog ku fepuotntag (CO,)

# 17% uno pnetapopég (CO,)

» 10% uno epyootdora (CO;)

~ 8% amo okisg (CO,)

7 4% and vempyia (N,0)

» 4% and yuroPovpyia (CO,)

7 4% and uxtomhioikd (CO,)

L& JKpoTEPO TOGOGTO Umd dihes uitieg Omms Qaivetal ato Lynua 1-1.

Owrekn gpion 8%

Epyootaoia fopnyaviag 10%
J rl‘.%)pyia 4%

Axrtomhoia 4%
[ Tprroyeviic topéag 3%

Metagpopés 17%

| _Agponopia 3%
1._?# Anociviean 3%

A
o/ Awhion metpehaiov 3%
Hapayoyi NAekTpicig 7 ~Tlapayoyn touéviov 2%
avém'em; Kat \E_\_ﬁ;éﬂaun anoppidtov 2%
Bepuotrog 26% Alec Tyée

12,7%

IZnjpa 1-1. Exkropnég Sro0ediov Tov avBpako ava topsa (E.E.A, 2009)

7/11/2017
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* O evepyelOKOG TOPEAG KAl OUYKEKPIPEVA O TOUEAG
NAEKTPOTTAPAYWYNG Eival N KUPIA TTNYT EKTTOUTTWV
CO2

* YtroloyiZetal 611 TO 30% TwV CUVOAIKWYV EKTTOUTTWV
CO2 ogeiletal oTnv TTAPAYWYA NAEKTPIKNAG EVEPYEIAG

atmd OPUKTA KAUOIUA.

* O evepyelakog TOPEAG £€aKOAOUBEI va gival 1Ioxupd
€CAPTWHEVOG ATTO TA OPUKTA KAUoIua (avBpakag,
(PUOIKO 0£PIO) TTAPA TIG TIPOOTTABEIEG TTOU
KataBAaAAovTal yia Tnv UTtokataoTaon Toug atrd AAAEG
EVAANAKTIKEG TTNYEG EVEPYEING PE PNOEVIKEG EKTTOUTTEG

CO, T1.X avaveEWOIUEG TTNYEG EVEPYEIDG.




7/11/2017

* Ekmipgdarai 611 10 85% TWV EVEPYEIQKWYV OVAYKWYV
TTAYKOOHiWG KAAUTITETAI ATTO TO OPUKTA KAUCIUA.
« 2mnv EAAGBQ O Topéag TTapaywyng evEPYEIQg TTAPAYEl

oXedbV 10 50% TWV OCUVOAIKWYV eKTTOUTTWV CO2.

* H mmaykoéopia kovotnTa £XEl OECPEUTEI HEOW TNG
oUPBaoNG—TTAQioI0 yia TIG KAIUATIKEG HETABOAEG
(UNFCCC) va otaBepotroinael Tig ekmroutég CO,

ota emiTreda Tou 1990, Kai

e HEow TOU MpwTokOAAoU Tou KIOTO va PEIWOEI TIG
EKTTOUTTEG AEPIWV TTOU CUHUPBAAAOUV OTO PAIVOUEVO
TOU BeppoknTTiou Katé 5,2% £wg TNV TTEPiodo 2008-

2012 o€ ox€on Pe TIG eKTTOPTTEG TOU 1990.




[MoLleg elval oL EMIAOYEG UG,

Carbon Sequestration Options

Power Station
Terrestrial Sequestration with CO; Capture
4 A4 4 $M Geologic Storage '

Depleted Oil
Coal Beds | or Gas Reserve

Enhanced Recovery Prac ;

https:/imww.zmescience.com/ecclogy/climate/co2-turned-carbon-nanofibres-0432423/

Mia evaAAakTiKr) AUon yia pndevikég ektmoptrég CO, o€

OTOOUOUG TTAPAYWYNG EVEPYEIAS OTTO OPUKTA KAUCIHO

Ba utropouce va atroTeAéoel N 10€a TNG BEOUEUONG

Tou CO, Kal aTTOORKEUOTG TOU

* O€ UTTOYEIOUG YEWAOYIKOUG OXNMATIONOUG, OTTWG
TAPIEUTAPEG TTETPEAQIOU ] QUOIKOU QEPIOU E
BeATiwuévn avakTnon Tou koitdopatog (Enhanced

Oil Recovery) i

* vutmrofaAdooia

7/11/2017
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AvTiaTolixn TEXVOAOYia EXEI EQAPUOOTEI ETTITUXWG OTN

meploxn Sleipner Tng Bopeiag ©dAacoag

*  gUTTAOUTIONOG TOU QUOIKOU QEPioU PE BIaxwpIouo Tou
CO.,.

* 10 CO, oupTéCeTal Kal atroBnKeUETAl O€ YEWAOYIKO
oxnuatiopo 1000m kaTw atoé Tov TTUBPéva TNG

8aAaooag.

» To é€pyo ptTAKE o€ e@apuoyr To 1996 kal atrd TOTE

éxouv atmoBnkeuTei emTuxwe 80 K. TOvol CO2.

Carbon Capture & Sequestration Technologies @ III  Contact Us - MIT - MiTei

Home | Bisliegraphy Research | Csl

Sleipner Fact Sheet: Carbon Dicxide Capture and Storage Project

Company/Alllance: Statol
Location: Norway, North Sea

Storage: Utsira Farmation A doep saline reservoir 600-1000 matsrs (2600-330011) below the sea floor

Motivation/Economics:

12 gas processing and caplune unit was
it for the ingacted COZ and does not pay i

der 10 avacde the 1991 Norwegian COZ tax. Slegpner

n is & 200-250 meters thick massive sandstone. |t
15 of COZ. 3D seismac monitoring of the CO2 inection
into other honizons.

L] e
Otmer Onine Datadases The Utsria Format
storing 600 billion
leakage of the CO

Project Link: Slaipnar Projact website
Other Sources and Press Releases:

he Utsira Formation is capabie of
# Format shows that there is no

Startoil website

Statoil wins leadership in new energy award (July 2015)

Succr 02 storage in Utsira Formation (March 2009

Stonng 10 million fonnes of CO2 { May 2008)

Geophysical monitoring of the CO2 plumde al Skipner [PDF] (February 2004)
Diate Modified August 12, 2015

Pleasa send any comments, additions o comections 10 cskimit edu

7/11/2017
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Sleipner

Knowledge sharing in CCS projects - Workshop Mobile, Alabama
Sveinung Hagen and colleagues - Statoil

May 16 and 17 — 2012

1.1
1“‘ g
Statoil

Diverse Storage Experience

f

o

Sleipner ' WESTvEE

In Salah

+ Offshore/onshore

+ Shallow/deep

« Horizontallvertical wells

* High/low por-perm parameters

Eiken et al. 2011

o Depth (km) ~

Snohvit

sieipner

7/11/2017

12



Sleipner CO, Time-lapse Seismic Data

 Injection at 10101013 meter depth (TVD) | . == = |

© i . 2008-1994

£ "“'Lajerg:yll;_

» Emiong oTig HIMA otnv avBpakikr) povada Warrior
Run 150 1évor CO, arropovwvovTal NUEPNTIwWG o€
oTAAEG atroppdPnong povoaiBavolauivng (MEA) kai

XPNolyoTroiouvTal oTnVv Blounxavia

7/11/2017
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Summary

C0; Source/Project Name

of £ Cap

Capture Rate
{tons/year)

ies Operating in 2009

COy End Use

Post-Combustion Capture fram

Pulverized Coal-Fired El

actric Power Plants

AES Warrior Run Power Plant Cumberland, MD, USA 120,000 Food/Beverage
AES Shady Point Power Plant Panama, OK, USA 73,000
Saarles Valley Minerals Trona, CA, USA 200,000 Soda ash Praduction

CO; Capture from Coal Casification

Great B

s Synfuels Plant

Beulah, NO, USa

2,000,000

Enhanced Oil Recovery

CO; Capture from Oxygen-Fired Coal Combustion

vattenfall Schwarze Pumpe Plant Germany 75,000 Varlous Industrial

Post-Combustion Capture from Natural Gas-Fired Facilities

Sumitemo Chemicals Plant Japan 60,000

Prosint Methanal Production Flant erazil 30,000 Food/Beverage
CO; Capture for Natural Gas Reforming
Indian Farmers Fertilizer Co. India 600,000 Manufacturing
Batronas Fartllizer Malaysla 55,000 Urea Production
Fuwais Fertilizer Industries usE 145,000 RS
Luzhou Natural Gas Chemicals China 55,000 Urea Preduction
(CO; Capture from Natural Gas Production
[Srotivit LNG Project Horway 700,000 Geclogic Storage
Slelpner West Fleld Horway 1,000,000 Gecloglc Storage
In Salah Natural Gas Production Algeria 1,200,000 Geologic Storag
::‘:‘:;Zr::k Hatural Gas La Barge, WY, USA 4,000,000 Enhanced Oil Recovery
val Verde Natural Gas Blants Tarrall/Fyros, TX, USA 1,400,000 Enhanced Ol Recovery
OTE Turtle Lake Gas Processing Qstega, MI, USA 200,000 Eahancad Gil Recovery /

Geslagic Starage

MR = Mot Reported

2010, Avallable at: hitp://fossi)

Material obtained from "Report of the Interagency Task Force on

Jocstfic

Carbon Capture and Storage,” August

kForceR f.

7/11/2017
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MYBROADBAND

f ¥ G+ ™ Magazine
TRUSTED IN TECH

NEWS  PRESS OFFICE BREAKING NEWS ~ FORUM  CLASSIFIEDS  INDUSTRY NEWS DEALS  SPEED TEST  Q

The world’s first carbon removal o
through direct air capture plant POLL

Staff Writer 69

Are you going to buy an Xbox One X?

Yes
No
Vote
FOLLOW UsS

(e[ ]e][n][#][#]

| Er— |

IBCR - RECOMMENDED

Don't send your
Bitcoin Cash to
Luno

KEN < ] -

The world's first commercial direct air capture (DAC) plant, which removes
carbon dioxide from the air, has gone live in Switzerland

Climeworks is behind the plant, which is part of the CarbFix2 project. It
stores the air-captured CO2 permanently in basalt and will help reduce

Mwg Aeimroupyei:

* H povada Climeworks DAC cuAAéyel CO2 atd Tov
aépa.

+ To CO2 oulAéyetal o€ Eva QIATpoO.

* To kKopeauévo QiATpo BepuaiveTal ammd xaunAng
BaBuidag atTréPANTa TTAPAKEIMEVNG YEWOEPMIKNG
EYKaTAoTOONG

* To CO2 atreAeuBepwveTtal Kal OCPEVETAI O VEPO

* To avBpakoUxo vepsd BIOXETEUETAI [E TTiEON O€
BaBog 700m

* AvTidpd pe 1o BacaATIKO UTTORABPO, dnuIoupyovTag
OTOOEPEG OPUKTEG PATEIG

* Anuioupyeital £T01 hia uévIN Kal acaAig Auon
amoBrkeuong CO2

7/11/2017
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Texvoloyieg Aéopeuong CO,

O1 TexvoAoyieg déopeguong CO, diakpivovTal
avaloya pe 1o oTddIo TNG diEpyaciag OTO OTT0I0

atropovwvetal 1o CO, . ZuveTtwg dlaKpivovTal O€:

7/11/2017
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o) Texvoloyieg déopeuong YHETA TRV Kauon: 1o CO,

dlaywpicetal atro éva aéplo piypa adwrtou N, kai O,. H
TTPOKTIKI TTOU XPNOIYOTIOIEITAI oUVABWG gival 0
SlaXwWPIoUOGS YE XNUIKA atroppd®non ME XPHoN APIVWV
o€ 0TNAEG aTToppdPNOoNG - avayEvvnong. AANEG
TTPOKTIKEG TTOU PTTOPOUV Va XPNOIKoTToINBouv
(SraxwpIoPOg pe pePPBPaveG) BpiokovTal OTa TTPWTA

o1adIa TNG avATITUENG TOUG

B) TexvoAoyigg déoeuong PIv a1rd TNV Kauon:

€dw 10 CO2 amopovwveTal ammd agpio Piyua TTAoUcio
o€ H2 trpoidv e€aépwang avbpaka r avaudpewaong
QUOIKOU agpiou o€ uwnAn TTieon (15-40 bar). ESw, n
ETTIKPATEDTEPN TEXVIKNA €ival 0 dIAXWPIOUOS ATTO TO
KUPIWG peUPA PE DIAPOPESG EVOANAKTIKEG OTTWG PUUOIKI)

aTroppoOPnOn, atroppOPnon YE evaAAayn TTieong KTA.,

7/11/2017
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Y) Kavon pe uwnAn ouykévipwon O,/CO,: n
TeXvoAoyia auTr] BaaideTtal oTo diaxwpiopd Tou N, atrd
TOV 0€Pa KaUong Kal otnv Kauon pe O, avTi yia aépa
€XOVTOG WG ATTOTEAEOUA KAUOAEPIO TTOU ATTOTEAEITAI
até CO2 ka1 H20.

0) KalvoToueg e@apuoyEéG: onUavTIKr TTpooTTadeIa

KataBAaAAeTal oTnv avAaTTuén KAIVOTOUWY £QAPUOYWV
déopeuong CO, 6TTWG N KAUON PE TOV INXAVIOHO
XNUIKAGS avadpaong (Chemical Looping Combustion),
n otroia otnpifeTal TNV Xpron o&eidiwyv diapdpwv
METAAAWY TO OTTOIO XPNOIKOTTOIOUVTAI WG POPEIG
o&uyovou Kal HETaPEPOUV 0Luydvo atrd Tov agpa

Kauong 0To KaUOIuO.

18



TexvoAoyieg Metagpopag CO,

Ma v petagopd Tou CO2 atrd Toug OTABUOUG
TTAPAYWYNG NAEKTPIKAG EVEPYEIOG OTOUG TOUIEUTAPES
QTTOBNKEUONG UTTAPXOUV TECTEPA DIAPOPETIKA

ouoTAMOTA:

7/11/2017
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0) METOQOPA ME QOPTNYA MEYAANG XWPNTIKOTNTAG:
N TTI0 KOIVr} EVOAAAKTIKA) AUGT YIa JETAPOPA TTPOIOVTWYV
ME BAPOG AIYOTEPO TWV TTEVTE TOVWYV £EAITIOG TNG
agloTmoTiag, TNG TTPOCAPUOYNS Kal TNG EUEAIIAg TTou
TTapEXEl 0 TPOTTOG AUTOG,

B) pe Tpaiva: €I0IKA TTPOCAPUOCHEVA Baydvia
MTTOPOUV VA PETAPEPOUV PEYAAEG TTOOOTNTEG CO2 O¢

MEYAAEG ATTOOTAOEIG,

Y) ME BuTio@Opa TTAOIa: KOTAAANAOG TPOTTOC yIa
BaAdoola peTapopd o€ HEYAAEG aTTooTAOEIS. TO
MEYAAO TTAEOVEKTNMA €OW €ival N OIKOVOMIKA
atTOdOTIKOTNTA APOU £TCI JTTOPOUV VA PETAPEPOOUV
TTOAU peydAeg (38000-78000m3) Troaodtnteg CO,,

8) pe aywyoug: pe Tov TPATTO aUTO peTagépetal CO,
atro TIG apx€G TNG dekaeTiag Tou 1980. ATTd TToAAOUG
EUTTEIPOYVWHPOVEG BEWPEITAI WG N TTI0 ATTOOOTIKN,
OIKOVOUIKG, TEXVOAOYia yIa ouveEXH METAPOPA PEYAAWV

TToooTATWY CO,.

7/11/2017
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TexvoAoyieg Atrofnkeuong CO,

Eicaywyn} CO, o€ TapIEUTHPEG TTETPEAAIOU YIa TNV
BeATiwon TNG avakTnong Tou, EAae Xwpa yia TTpwTn
@opd tnv dekaeTia Tou 70 oTig H.IM.A.

O1 10 oNPAVTIKOI YEWAOYIKOI XWpPOol UTTOYEIag

atroBbnkeuong eivai:

7/11/2017
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* ammoBrkeuon o€ evepyous TAUIEUTHPES TTETPEAQiOU
(EOR)

* QTTOBAKEUON O€ TAPIEUTHPEG TTETPEAAIOU / QUOIKOU
agpiou TTou AN €XOUV EKKEVWOEI Kal o€ aAaTOUXOUG
udpoPOpPoUg opifovTeg peydAou Baboug

* ammoBrkeuon o€ KoITAouaTa un eE0puypévou
yaiavBpaka (ECBMR)

* aTmOBAKEUON 0€ WKEAVOUG HECW aYywyouU f JEow
BuTiopdpou TTAcIOU

* amobnkeuon pEow opukToTToinoNG (mineralization)

Power station

Ewova 2-1. Yroyaa anrobhjksvon os tapieotipeg metpeiaion, pueikod aspiov
Kl ahaTodyov vépopdpov opilovra

7/11/2017
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O taptevtnpeg anobrikeuong CO, Ba mpemel
* va dIaBETOUV PEYAAN XwpeNnTIKOTNTA
* VO TTOPEXOUV Kal Eva aTToOEDEIYUEVA AOPAAEG KAl

oiyoupo TTepIBGAANOV atToBrKeuoNG.

H 16éa TG uttdyElag atToBAKEUONG OE TAMIEUTAPES

TTETPEAQIOU KOl QUOIKOU AEPIOU EVIOYXUETAI OTTO TO

TIAEOVEKTNUA TNG YVWOTAG YEWAOYIKNG JoppoAoyiag

» atroTreAouvTal aTTd TTOPWON TTETPWHATA,

* €YxOouv OUVABWG oxnua BOAou Kal

* TTEPIKAEIOVTAI OTTO TETOIA TTETPWHATA TA OTTOIA
ATTayOPEUOUV TNV PETAKIVAON TOU agpiou o€
OTTOIO®ATTOTE KATEUBUVON £TOI WWOTE VA PNV UTTAPXEI

dlappon TTPOG TNV aTudéoeaIpa.

7/11/2017
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Rafirwry Injection
with pure  Inection- peoduction ?.0 AN it prochuction-
COpsveam  inatalla ;E‘_-‘_”“""“ Mar ransport ppeine plattom
§ i 2
e 3 e e |
™ |
W\ A
\ [\ J |
Ofsro
tarage
Onshore storage \

Ewkova 1 ATEiOVION NEPIKOV 00 TIC YEMAOYIKES TomoBesies v vroyew axotijkevan ton CO,.

XwpnTIKOTNTA TWV TaHIEUTAPWYV (0t Gt CO,)

*  UdPOYOPOI OPICOVTEG ~ 400 - 10000

* TOMIEUTNPEG TTETPEAQiOU  ~ 473 -1152
Kl UOIKOU agPiou

* OTPWHATA KOITAOUATWYV  ~5— 267
KN €€opuyuévou yaiavopaka

O1 extropTrég Tou CO, OTNV aTHOOPaIPA TTAYKOO HiWG
utroAoyidovTal, yupw oTtoug 24 Gt tov xpdvo ue

augavopevn Tdon

7/11/2017
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Tlivakos 1. XopyTikoT o FEOAOYIKGOV TONEVTPpoY vid arofikenal) tov CO-» TuyKoTHing

Turkenburg Hendriks IPCC 2001/ Stevens 2000 ECOFYS,
1999 1994 ARC 2000 TNO 2004
Kordaopota 500-1800 385 370 126 242
AETpELAiOD
Koraopata 1500 1500 800 210
PUELKoT aspion
ECBM na na 150 na 267
Yapogpopor na 200 4000 na 247
opilovres

ATroBnkeuon o€ evepyoug TAUIEUTAPES TTETPEAQioU
(EOR, Enhanced Oil Recovery)

» Z€ TAULEUTNPEG TTOU EXOUV OoXeOOV eKKeVWOEL 1 o€
TaLEVTHPEC teTpeAaiou uPnAou LEwdoug.

» TexviKn Tou £€xeL TNV SuvatotnTa OXL LOVO Vo AUEAVEL
TNV AVAKTNON Tou METpeAaiov aAAd va amoBnkeVEL oToV
TOMLEUTAPA KOL TNV TToooTNTa Tou CO, Ttou

XPNoLUoToLEiTaL.
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[ecytpmen maparyoyms

Ewsayonym CO. l

% »

Zinm oil Avitknen
m'ﬂ_ul;'_'u.; bank METPEACION

.

o,

Ewova 2-4. Erweayoyy CO; nu feiniopévn avaktnon retpeiaiov (IPIECA,
2003)

+ CO2 og utrepkpioiun kardotaon (P >7.38 MPa kai
T>-60°C)

* au&non NG KIVNTIKOTNTAG TOU TTETPEAAIOU Kal €XEI
WG aTTOTEAECHA TRV TTIO EUKOAN avAKTNON TOU.

* ‘Eva 1mooooT6 Tou eicayopevou CO, Ba avakTnOei
TTAAI padi pe 1o TTeETPEAAIo, Ba dlaXwPIOTE AT AUTO
ME TNV KATAAANAN digpyacia kal Ba gicaxOei kal TTAAI

OTOV TAMIEUTAPA.
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Aigpyacieg EOR: CO, avapi§ipo i oxi
CO, avapiyvueTal JE TO AKATEPYAOTO TTETPEAQIO 2>
d10yKwaon =2 peiwon 1EWdoug vy TTapdAAnAa
au¢avel  dlaTnpei TNV TTiEoN Tou TaUIEUTAPA. TO
TTETPEAAIO KUKAOQOPEI TTIO EAEUBEPQ TTPOG TOV
aywyo a1r’ 01Tou Kal 8a yivel n avaktnon Tou.
CO, XpnOIYOTIOIEITAI YIO VO AUEATEI TNV TTIECN TOU
TAMIEUTAPO OTA APXIKG TOu OTAdIA KAl VA TTapacUpEl
TO AKATEPYAOTO TTETPEAQIO TTPOG TOV AYWYO WOTE VA
avoKTNOEi ye PEYAAUTEPN EUKOAIQ (TPITOYEVIAG

€€oputn, augnon mapaywyns 10% pe 15%)

ATroBnkeuon og KevoUg TAMIEUTAPES TTETPEAaiou /
(PUOIKOU aEPiOU Kal € aAAATOUXOUG USPOPOPOUG
opidovteg peyaiou Badoug

H o eAmdo@opa e1iAoyr ammobrikeuong oTo
TTPOOEXEC MEANOV.

O1 aAhatouxol udpoPdpol OpIoVTES £XOUV TN MEYIOTN
duvatoTnTa atrodrikeuong Tou CO,, agpou ol
TAMIEUTAPES AUTOI €ival oI TTI0 dIadedOUEVOI KAl

€XOUV TNV PEYAAUTEPN XWPNTIKOTNTA.
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Arofikenon CO. ae chatoiyoug
T , ™ o i -
Anrobikevon CO, o udpopdpoug opidovies

Aboviipaxo@dpo koltacun

Anobikeven CO, oe Anobikzvon CO, ox
TaMIELTTPES TETpEnaion WATOTEOUG Sy PaTIoRonHS
KUl PUOIKOL weEpion

Ewkova 2-6. Zynuoniki onsikovien sicoyoync CO: 68 TUEVTPES TETPELUIOD
Kat puoikoy aspiov (Lawrence livermore research, 2005)

ATro0KeUON O€ KOITACHATA UN £§OpUYHEVOU
yaid@paka (ECBMR, Enhanced Coal-bed Methane
Recovery)
+ CO, gi0ayeTal O€ KOITGOMATA AvBpaKa =>
ATTOPPOPATAI OTIG ETTIPAVEIEG TWV CTPWHATWV
avlpaka > eAeuBepwvel HEBAVIO = avdakTnon wWg

eAeUBepO aépio.

* [AgovEKTNUA: TA KOITAOPATA AUTA PTTOPOUV va
atroBnkeuoouv TTOAU peyaAuTepeg TToooTNTEG CO,
atro Tov 1I008UvVapo OyKo VoS GUNBATIKOU
TapIEUTAPA Adyw Tou OTI 0 AvBpaKkag £XEl

MEYAAUTEPEG TTEPIOXEG ETTIPAVEIQG.

7/11/2017

28



Rock

i Coal Seam

—_— L0,

Ewéva 4. Teyvoroyio ECBMR ypnciuonotdvrog CO,

oo,

. l‘s

ATroBrkeuon og WKeavoug

+ To CO, gival d1aAuUpPEVO OTO VEPS TWV WKEAVWYV, EVW

Ol WKEAVOI KAl atToppoPouV aAAG KAl EKTTEUTTOUV

CO, pEoW PUOIKWYV BIABIKACIWV.

+ To CO, ptropei va el0ax0ei pEow PioG OUOKEUAG

diaxuong o€ a6n 1.000 £€wg 2.000 m.

* A1 1a BA6n autd, 10 €l0ayOUEVO VEQOG

oTtayovidiwv Tou CO, avépyeTal TTPOG TNV ETTIPAVEIQ

Kal SIAAUETAI OTO vEPO TTPOTOU PTACElI 0 BAB0og 500

m OTTOU Ta gTayovidia TTaipvouv TTAEOV Hopon

QUOOAIdWV 01 0TToiEG Ba PTACOUV OTNV ETTIPAVEIQ.
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ATroBrkeuon og WKeAvoUg

Meipduata o€ epyacTrpla £xouv O€igel OTI pia Taivia
évudpwv ouoiwv (hydrate film) ptropei diapopPwOEi
yupw atréd Ta atayovidia Tou CO, kaBioTwvTag Ta
Baputepa atrd 10 vEPDO TNG BAAACCOG PE
atmmoTéAeoua va Ta wOei oTov TTUBPEVA.

‘Eto1 To CO, ytropei va gioayBei o€ Badn
MeyaAuTepa atrd 3.000 m, oTrdTE O AUTH TNV
TTepiTITwon 10 uypod CO, Ba yivel BapuTepo atrd To
vepo TnNG BdAacoag kal Ba BuBioTei oTov TTUBUEVA

OnNUIoUPYWVTAG Wia Aipvn, 6TTou Kal Ba TTapapEiveEl

Avnibipustijpag
ca L';\F 0 Anuéoia
[T— AEGPEDIEVO Kil
...... arolineenpivo CO,
Aweamopa CO, aao kapifio "" ——
Aomoplt piypatog = wen
o & Ll | 3 et ¥
= " CO.JCaCD £
\
|
| A ad
\ A gkm
g Karafiibion CO,
———

Aiwm CO,
Aigvn CO,

Ewova 2-7. Levapuo erisoyoyig 6roieidiov Tov dvlpuka oz mkeavoig.
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Sink It in the Ocean?

Two ocean carbon strategies are being considered.

One is to injecte carbon dioxide directly into the deep sea, and the other is to fertilize
the ocean with iron, which will increase its uptake of atmospheric carbon dioxide.

Direct injection involves separating carbon dioxide from the flue gas produced by
power plants, compressing and liquefying it, and then pumping it into the ocean.

If the injection site is deep enough, carbon dioxide will sink and perhaps form a “lake”
at the bottom of the ocean.

One concern about this approach, says Caldeira, is that the pH level of such a lake
would make the deep ocean environment more acidic.

“If we continue consuming fossil fuels without doing anything at all,” Caldeira says,
“the ocean—particularly its upper layer—will become more acidic than it has been in
millions of years.

That change is bound to affect corals and other marine life near the surface of the
ocean.

By piping it down deep, we might protect this biosystem to some extent, but how the
increased acidity will affect the lower depths of the ocean has yet to be determined.”

from: https://www.lInl.gov/str/May04/Caldeira.html

Sink It in the Ocean?

The other major approach to ocean sequestration involves fertilizing the ocean with
iron.

Adding nutrients such as iron to the surface of the ocean can stimulate the growth of
phytoplankton, which would take up additional carbon from the atmosphere as well.

When these plants and the animals that eat them reach the end of their lifecycles and
die, they—and the carbon inside them—would eventually drift down into the ocean’s
depths.

Carbon dioxide from the atmosphere would then enter the surface ocean to replace
some of the carbon that sinks.

from: https://www.lInl.gov/str/May04/Caldeira.html

7/11/2017

31



SEIEheE:

Simulations of the iron
fertilization process after
1 year show s dramatic

J&ehin

incraase in (a) the flux of
carben diexide (CO,)
from the atmosphers to
the ocean and (b) the
sedimentary export of
particulats organic carbon
(POC) from the surface
ocean. However, after
500 years, (c) POC export
has greatly diminished.

o 04 0.8 4 16
CO, increase, moles per square meter per year

0 0.002 0.01 0.05 0.2
Increase in POC export, moles of carbon per square meter per year

from: https://www.lInl.gov/str/May04/Caldeira.html

Limestone May Help

In research funded by Livermore’s Laboratory Directed Research and
Development Program, Livermore geochemist Kevin Knauss worked with
Greg Rau of the University of California at Santa Cruz to address the pH
problem. One solution may be to use common limestone in a technique
called enhanced carbonate dissolution. This process involves hydrating
carbon dioxide from power plant flue gas with water to produce a carbonic
acid solution. The solution is then mixed with crushed limestone, which
neutralizes the carbon dioxide by converting it to a calcium bicarbonate
solution that can be released into the ocean. This process converts the
carbon dioxide to a form that does not readily exchange with the
atmosphere and that causes a less drastic change to the ocean’s pH. The
process occurs in nature through carbonate weathering, but at a much
slower pace than envisioned in this enhanced version.

According to Rau, the carbonate dissolution process also might expand
the capacity of the ocean to store carbon dioxide and minimize the amount
of carbon escaping to the atmosphere. Another benefit is that the process
would add calcium and bicarbonate to the ocean, which would enhance the
growth of corals and other calcifying marine organisms.

from: https://www.lInl.gov/str/May04/Caldeira.html
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ATroBnkeuon HEOW OPUKTOTTOINONG

* Mia véa TTOAG utToOXOMEVN PEBODOG PE TNV OTToIx
10 CO, ammoBnkeveTal UTTO HOPPN AVOPAKIKWV
OPUKTWV.

* Havridpaon tou CO, pe 0&eidia woTe va
oXNMaTIoTOUV avOpaKIKa OPUKTA OTTWG PJayvnaoitng
1 aoBeaTiTng €ival e€wBepUN.

» [eTpwpuaTta TTOU PTTOPOUV Va XPnOoIhoTToInBouv
oTnv opukTotroinon Tou CO, gival utrepBacika
TTETPWHPATA TTAOUCIa o€ Mg OTTWG BOUVITEG,

TTEPIOOTITEG KAl OEPTTEVTIVITEG.

Y002 vewe @ 90% emaiency

- co,
IO B Piciine

Vigion 21 Power Plant

=

Mineral CO2 sequestration (NETL, 2001)
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CO;

" = (Ca, Mg) CO5
Pipaline Mingral
carbonation

. [‘.“ —_———
plant = kf:h i ".‘
Storage £
== (= 5" .
e el
Power plant Disposal
Generation Sequestration Re-use/Disposal

ATroBnkeuon HEOW OPUKTOTTOINONG

» Tétoleg avTIOPAOEIG Ep@avifovTal OTA YEWAOYIKA

XPOVIKA diaoThuara.

*  O1 HEAETEG ETTIKEVTPWVOVTAI WWOTE VA ETTITAXUVOEI TO
PUOIKO TTOO0O0TO avTiIdPAONG PE ATTOTEAEOUA VO
MTTOpPEI va gival oikovouiké Biwaoiun n atrobikeuon
CO, wg oTePed 0puUKTO aVvOPAKIKO GAAG.

* Ta avBpakikd aAata gival otaBepd BeppoduvapIKa
Kal OEV UTTOPOUV VA ATTEAEUBEPWOOUV TIG

11000TNTEG TOU CO,,
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ATroBnkeuon HEOW OPUKTOTTOINONG

* H amobrikeuon Tou CO, oTa OPUKTA gival TMBavA Kal
ao@AaAEOTEPN ATTO AAAEG TEXVOAOYIEG OE UTTOYEIOUG
TAMIEUTAPEG I O€ WKEAVOUG.

* Ta ogeidia aoPBeaTiou Kal payvnaoiou TTou
atraitouvTal yia Tn SIauopPwaon Twv oTaBePWV
OPUKTWYV avOpaKIKWV aAdTwyV gival diaBéaiua oTtn

PuUOoN o€ JEYAAEG TTOOOTNTEG.

World-wide distribution of magnesium-rich ultramafic rocks (Los Alamos National
Laboratory)
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Onroc answwovilstar oty Ewova 2-8, 1 gk petatpom| o6 pid KUTdoTOo
Oeppodvvapukd yopmiotepn eivar embounty ko egkt]. To CO; eivar 1 dvodpn
uopely (anhydrous form) tov avOpaxiod ofémg Kal Guvem®dg pmopel v
ypnoorombel Yo voo avTikataoTtoet uoOevesTEpU 05L0 OTMS TO TUPITIKO 0L
(silicic acid). ®egppodvvapukd to CO, pmopei va deopcvbel ®¢ avOpukikd dhog
(carbonate). Xe UpKeTEC MTEPIMTOOES 0LTA Tor avOpuKIKA dhato Swwddoviul 6To vepod,
oA pHEPIKG OMmS To avOpUKIKG OPUKTA TOL poyvnoiov Kol Tov aoPectiov, sival
evTUTOGIOKd oTubepd ©F OTEPEd. LUVENMS UECH TS OPUKTOAOYIKNG BEGHELGNS
UTOpOLY VoL umoONKeLTOOV NEYdLES TOCOTITES Sroéeldion Tov dvOpuKkd.

Evepyewnkés kataotaoelg avipouka

AvBpakac

400 kJ/mole \

Y AoEeidio Tou dvlpaxa

60-180 kJ/mole

AvBpaxikd dhog

Ewova 2-8. Howtik) arsikovien s Deppoduvepikns erubepitnres Tov
avBpaxikév popeav Tov avlpaeka (U.S.DOE.)
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H opuktoioyikn décpevcn umopei vo mpaypatonombei site oto vIEdUpog £ite Ge
fropnyavies. Emy apot) dwdiwasio, to CO; eodyeton pécu 610 LALSUQOS O
OPUKTH KOMTAGHOT (TOpmAN TETPOUUTE To OTOiK TEPIEYOLV TETPOUATA HayVI|Gion
Kut acPection) yia evevBpdrmon (eni tomov evavBpdkman). e coykpion ue my
unoBKEDGT 08 TUIEVTIPES METPEAUION, PVGIKOD depion Kot vipoedpov opilovia, N
vmoyele amobikevcn ce opoktd sivar pic povipn arobikevon CO: ywoti to
UMOTEAEGHOTE QUTHS TG diepyadias sival ymkd otabepd avBpouxikd dhota. H
avtidpaon pmopei va fondnbel amd puoikés vymiés mécelg (AOY® TOV DIEPKEILEVOV
TETPOUATOV) KUl UTOPEL VIL TPOYOPNGEL TO YPYOPUE Und TV 0pLKTH urocabpmnon

oafpwon oty emoedvew ™ yne. (Park. 2005).

H Puowen upyi g 6éopevong tov CO; pe 1 popen t@v avBpuxik®dv opuktdv sivin
N smtayuven Tev Gispyeciov wov cupfaivouy ot puon. Adye outdv Tov
SIEPYUCIOV, EAUTTOVETUL 1] VYA SuykEVTIpea Tov CO: 6TV atuoceUIpd. e duTis
115 Sigpyasiss o CO2 avndpd pe acPeotodya fxkur poyvhelobyd opuktd Kl
deouedetar povipe. Ho ovykexpiuévn depyosic pmopei v amodobei Pdoer g

omiomonuévng avtiopaong (2.8).

(Ca.Mg)O+CO, > (CaMg)CO, (2.8)

To wiplo mheovéxmnua ™S décpevang tov CO; amd opuktd sivat 1) Beppoduvapkn
gtabepom e TOv oyuaTilopevey avlpukikGyY OpuKTOVY, 1) Omold SYYLATdl pud

acEurn anobnKevo).
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» OMNIBivNng ka1 ogpTTeEVTIVNG aTTOTEAOUV TOUG 18aVIKOUG UTTOWAPIOUG.

» Orav gival 6¢Ivog 0 dIaAUTNG TTOU XPNOIPOTIOIEITAI YIO TNV
evavopakwaon Twv £VudpwY OPUKTWY, N GUVOAIKN dlepyaaia
TeplopideTal Adyw Tou puBuou didAuong Tou CO2 kail Tng
a1TO00UNONG TOU avBPAKIKOU 0&EwG TTapa e€aITiag Tou pubuou
d1dAuong Tou opukTOoU.

» H pnxavikr) avadeuon dIapéoou TNG ECWTEPIKAG KOVIOTTOINONG aTTO
MOvVN TNG dev BeATiwvel TR DIGAUCN TOU CEPTTEVTIVN, EVW) O

Ouvduaou6g TNG HE Evav diIaAuTn Mg odnyei oe Taxeia dIGAUCH Tou.

» XpnOIYOTIOIWVTAG TO TIPOTEIVOUEVO OXAUa TTou Baacifetal aTo pH N

OUVOAIKI] HETOTPOTT TNG OPUKTOTTOINONG BEATILOONKE OPACTIKG.

» EAéyxovTtag 1o pH ToUu ouoTAPaTog dnuioupyoUvTal TPia OTEPEA
TTpoidvTa:

* SiO2-rich solids,
* iron oxide kail
* MgCO3?3H20.

» KaBwg n kabapdtnta Twv dUo TeAsuTaiwy gival afloonueiwTn, autd Ta
TIPOIGVTA OTA OTTOIa TTPOCTIBETAI Agia YTTOPOUV VA ETTIPEPOUV
TTEPAITEPW PEIWON TOU CUVOAIKOU KOOTOUG TNG diepyaaiag SEaPeUonS
Tou CO2.

» EmmrpocOeTa, Bpédnke 611 TO TTAOUGIO 0 Mg didAupa ATav IdiaiTepa
QTTOTEAEOPOTIKO OTNV aTTodAKpuvan SO, atrd aépia KATTVOdSXWV.

» YTapxel AoItrév pia onuavTikh duvapik auTig Tng dlEpyadies yia Eva
TIOAUTTAEUPO PACUA TOU CUOTAHATOG EAEYXOU HOAUVONG.
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Product 1: silica

> ‘

Product 2: iron oxide

Product 3: magnesium carbonate]

Figure 1. Mg-bearing mineral and three solid products of Carbon Mineral Sequestration Process

OVERALL SCHEME OF CARBON MINERAL SEQUESTRATION

A -, DISPOSAL (MINE RECLAMATION)
<=

MINERAL CARBOMATES
MINE
MINERALS (i.e., Serpentine,
Olivine, Wollastonite)

Value-added products
(e.g., paper fillers, plastic
fillers, CO: capture sorbent,
construction materials)

"
Engineered ‘
MgCO3 or CaCO;3 \

CO:z sources

Serpentine: Mga5iz0s(OHM + 3005 = 3MgCO; + 25i0; + 2H0 + B4 klimol CO3
Ofivine: MgzS5i0s + 002 > 2MgCO; + 5i0; + 80 klimol CO;
Wollastonite: CaSiOs + G0z = Cal0s + Si0; + 80 kimol SOz

Carbon Capture Carbon Mineralization Re.use/Disposal

Am6: http://www.columbia.edu/~ap2622/research_carbon.html
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PROPOSED MECHANISM OF SERPENTINE DISSOLUTION

u

— —_— E—
fast ow fast

s

pH SWING CAREON MINERAL SEQUESTRATION TECHNOLOGY

|Mg— and Fe-rich solution | atroom T

pHE.6 ﬂﬂ:b Precipitated iron oxide ‘
Mg-rich solution | atroom T

(Park and Fan, Patent publication # 20050180810)

Am6: http://www.columbia.edu/~ap2622/research_carbon.html
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AvTIOpaoEIg EVAVOPAKWONG HAYVNOI0UXWYV Kal
Ao BECTOUXWV TTUPITIKWV OPUKTWYV

Mg 51,0, (OH), (cepreviivng) + 3CO, <
3MgCO, +28i0, + H,0 + 64kl/mole (2.9)
Mg SiO, (OH), (0mpivne) +2C0, <> 2MgCO, +Si0, +2[L0  (2.10)

Mg, SiO, (popatepitie) + 2C0O, <> 2MgCO, + Si0, +95kT/mole  (2.11)

CaSi0, + CO,(g) & CaCO, + S10, + 10,6Kcal (2.19)

Advantages
The major advantages of CO2 sequestration by mineral carbonation are:

Long Term Stability - Mineral carbonation is a natural process that is known to
produce environmentally safe and stable material over geological time frames. The
production of mineral carbonates insures a permanent fixation rather than temporary
storage of the CO2, thereby guaranteeing no legacy issues for future generations.

Vast Capacity - Raw materials for binding the CO2 exist in vast quantities across the
globe. Readily accessible deposits exist in quantities that far exceed even the most
optimistic estimate of coal reserves (~10,000 (11109 tons).

Potential to be Economically Viable - The overall process is exothermic and, hence,
has the potential to be economically viable. In addition, its potential to produce value-
added by-products during the carbonation process may further compensate its costs.
At a single site and scale that is consistent with current industrial practice, the process
can handle the output of one to several large power plants. It is directly applicable to
advanced power plants such as zero-emissions Vision 21 system configurations being
developed by DOE’s Fossil Energy Program or to existing power plants, thereby
providing an additional degree of flexibility for future implementation.

http://www.powerplantccs.com/ccs/sto/nc/min/advantages_disadvantages.html
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Disadvantages

+ Carbonation plant must be at the site of the mine due to the large volumes of
material required.

* Volumes increase upon carbonation so in order to store the newly formed
carbonates back in the mine some terrain alteration will be necessary.
 Extensive mining operations necessary, which will have environmental impact.
* There is the potential for asbestos to be present in the mineral deposit.

» Must be able to deal with ore impurities

http://www.powerplantccs.com/ccs/sto/nc/min/advantages_disadvantages.html

Carbon dioxide sequestration in deep-sea basalt
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The injection of CO2 in deep-sea basalt offers critical advantages for
sequestration that warrant pressing investigation.

The injection of CO2 into deep-sea basalt :

« facilitates the formation of stable carbonates retarding the return of CO2
to the atmosphere,

» provides sufficient depth for denser CO2 liquid to sink,
» blocks upward migration of acidified basement fluids with an impermeable
» sediment cover, and

» forms stable hydrate if CO2 accidentally escapes to shallower depths with
cooler water temperatures.

Further research for CO2 sequestration in deep-sea basalt is essential and
should aim toward a pilot injection study.

Important topics for ongoing research include:
* in situ reaction rates for dissolution of injected CO2, carbonate
precipitation rates and the resulting rates of change in permeability,

» competing and augmenting effects of alteration, and site-specific
hydrological testing.

Only through further scientific investigation of these in situ effects can we
confidently determine the viability of deep-sea basalt reservoirs such as the
Juan de Fuca plate, which offers a geological option with potentially
enormous capacity and highly secure CO2 storage.
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H ééopsvon CO, oe opuktd oammtei e26pudn uneyding siipoxkas xai ) ¥pnon
QUoIKGOVY TPOTOV LAGV. Mt evbupépovon svullaxtikn eivan n ypion uixuiikov
atepemv arofintov cav myn acPectiov ) kat payvneiov. [Mupadeiypata tétotmv
oTepe®V amoPANTov eival LIOALIPUUTE KUDGNS OPUKTOV KUVG{H®V (ITTANEV)) TEQPO),
TEQpa oo Kavon arofintov, okovpid and mapayoyn yaivfa | ketdhowa foim.
O mpidteg Hlheg autés eivan dwwbéaiues o pevaies mocdTnTes 68 fropnyavonoinpuéves
TEPIOYES Kt YPNGIHOTOIo0VTHL 8V LEpet OTIS KuTuokeLES. [lodhd umd autd tu oteped
umopinto eivon miovow os Ca, 0AKEAIKGE KUl £00V TI] QUGIKI TACT] VU GVTIOPODY UE

10 CO,.

ZUMTTEPACHOTA
» OLtexvoloyieg anopdvwong CO2 amoteAouv Kploluo
onueio yla tnv €€EALEN TWV CTABUWV TAPAYWYNG
EVEPYELOG OPUKTWV KAUOLUWVY PE INOEVIKEG EKTIOUTTEG.
» Eotlaon Twv EpEUVWYV OTNV AVTLUETWTILON TWV BaoIKWV
{NTnUATWV Tou cuvdéovtal
v’ e TV yewloyikn arodrikevon tou CO2
oupmneplAapBavopévng tng achaielag ,
v TNV oTa@epdTNTA TN UTIOYELAC ATTOBRKEUONG
v Tic mepBAAMOVTIKWY EMUTTWOELS OO pia bavn

SL0ppor| KATTOLOU UTIOYELOU TOULEUTAPA.
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ZUMTTEPACHOTA
» To neplBaAAovTiko auto mpoBAnua dev adopd povo To
TIPOV OAAQ KalL TLG LEANOVTIKEG YEVLEG.
» EXEL ONUOVTLKEG KOWWVLKEG, OLKOVOLKEG, TLOALTLKEG KOl
NOLKES MTUXEG.
» Mpokettal, Aowmov, yla €aPETLKA TTOAUTIAOKO Kall
TIAYKOOULO {NTNHA KAL YL UTO ATOULTEL CUVTOVIOUEVN

Spaon ot Siebveg eminedo.

CCSorCCU?

Carbon Capture and Storage or Carbon Capture and Utilization

» Passing carbon dioxide through slag left over from steel-making turns
the waste product into a strong material that can be used for
construction.

» Pumped into greenhouses, it provides a growing boost for crops.
» Put into tanks of algae, it can be used to make biofuels.

+ Waste carbon dioxide can even be cleaned up to "food grade" and
injected into fizzy drinks.

http://www.guardian.co.uk/environment/2011/jul/25/carbon-capture-utilisation-economic-sense
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Researchers turn CO2 seized from the air into valuable
high-tech material

i 4t Gonorge Whadhirghin Uriewrity i Fousrd 4 may 50 il oo bk with e storse: viligatis chmats charge by jasfing €20 from the
atrrcsghems and mate & makiabiv materia o the . T scker o] st reacts & motten lihiurn bt in the presence of heat
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Can slag heaps help save the planet?

British scientists are exploring ways to use the steel industry's waste to capture carbon dioxide in the
atmosphere

Robin McKie
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