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Koldioxidbudgeten

Vad innebdr Parisavtalet? Hur mycket mer koldioxid kan vi sldppa ut ??

Koldioxidbudget for max 1.5¢2C and 22C (1 jan. 2018):
420 and 1120 Gton CO,
Utslapp idag c:a 40 Gton CO,/ar :

— 10 - 30 ar kvar med dagens utsldpp

Minusutsldpp behévs for att na klimatmadlen

Ny Svensk klimatlag 2017:

Nollutslapp senast 2045,
och dérefter minusutslipp



Global CO, emissions (Gt CO./year)
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1,5-gradersmalet

Global total net CO2 emissions

Billion tonnes of CO,/yr
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Koldioxidinfangning och lagring
= CCS / Carbon Capture and Storage

Biomassa

Fossila
branslen

Inga
utslapp




Vad ar minusutslapp?

Forbranning av Forbranning av
biomassa ar 0 biomassa med =
klimatneutral koldioxidinfangning

dvs. nollutslapp a ger negativa utslapp a

® =l @




Koldioxidlagring

akviferer (vattenfylld poros sten bildad av
packad sand)

naturgas- och oljefalt




Sleipner gasplattform




SLEIPNER AQUIFER CO2 STORAGE

Sleipner A
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SLEIPNER AQUIFER CO2 STORAGE
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Seismisk undersokning av Utsira
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Koldioxid
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Tatskikt (caprock)
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Hur kommer koldioxid att rora sig under “taket” i Utsira?
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World geological storage suitability | Modata AN/ Main fauits
Bl Highly suitable, sedimentary basin or conbinental margin Ureuitable, deep water

B Suitable, sedimentary basin or continental margin Unsuitabie, ignecus rock

I Possible, sedimentary basin or continental margin | Unproven



Geologisk lagringspotential (enl. IPCC*):
1700 - 10 000 Gton CO,
eller dagens globala utslapp i

50-300ar

*Intergovernmental Panel on Climate Change
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5 TRAPPING MECHANISMS

These trapping processes take place over many years at different rates from days to years to thousands
of years, but in general, geologically stored CO, becomes more securely trapped with time.

% trapping contribution

Structural Trapping

Once injected, the supercritical
CO, can be more buoyant than
other liquids that might be
present in the pore space. The
CO, will therefore percolate up
through the porous rocks until it
reaches the top of the formation
where it meets, and is trapped by,
an impermeable layer of
cap-rock.

GAPROCK

| Residual Trapping

| As the supercritical CO, is

| injected into the formation it

| displaces fluid as it moves

| through the porous rock. As the

| CO, continues to move, fluid

| again replaces it, but some of the

| CO, will be left behind as

| disconnected - or residual -
droplets in the pore spaces
which are immobile, just like
water in a sponge.

Contribution of each form of trapping over time

Elapsed time since injection - years

1000

| Dissolution Trapping

CO, in its gaseous and

| supercritical state dissolves in
other fluids like the salt water or

| brine already present in the

| porous rock. Salt water with CO,
is denser than surrounding fluids
and sinks to the bottom of the
rock formation over time,
trapping the CO, even more
securely.

| Mineral Trapping

| The final phase of trapping

| results from the fact that when

| CO, dissolves in water, it forms a

| weak carbonic acid. Over a long
time, this weak acid can react
with the minerals in the
surrounding rock to form solid
carbonate minerals, effectively
binding CO, to the rock.

Hinder:

1)

2)
3)
4)

Tat bergart (tak),
"caprock”

fastnar i porer
l0ser sig i vatten

reagerar med
mineraler



Hur lange behover koldioxiden lagras?
Olika stora lackage med 800 Gt minusutslapp,
jamfort med referensfall utan minusutslapp
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Geologisk lagring: langsamt lackage ger ingen skillnad jamfort med inget lackage
Osaker lagring (skog, biokoks): meningsfull aven om det lacker mycket (men ingen

skillnad om 1000 ar)



Lackage hantering av risk
* Noggrann forundersokning
e Overvakning

* Avsluta injektion

 Tata lacka, om mojligt

* “Depressurize”, alltsa flytta CO, till
annat stalle (inte sarskilt dyrt)

Sista utvag: Fanga in CO, igen med
negativa utslapp (dyrare)

Men en mycket stor del av koldioxiden binds och kan inte lacka
ut.
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18 stora projekt, totalt 35 Mton CO,/ar
0,1% av globala utslappen

15 projekt vantar pa investeringsbeslut 2022
Kan ge ytterligare 35 Mton/ar.



Global Status of CCS 2021 (Global CCS Institute)
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542 facilities identified

e
—_—
Increasing
concentration of
Carbon capture retrofit opportunities emissions and
Near- and mediurn-term facilities
capture oppartunities
Sized by CO, emissions
45Q-eligible facilities
Sized by CO, emissions

@  Other industrial facilities

Geologic storage epportunity

() Assessed low-cost saline storage
~ Saline CO; storage formation

7/ Fossil GO, storage formation

4 Existing petroleum production site



CCS NETWORKS

STORAGE
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SECTOR

CAPACITY (Mtpa)

VARIOUS OPTIONS CONSIDERED
DEPLETED OIL AND GAS RESERVOIRS
ENHANCED OIL RECOVERY
DEEP SALINE FORMATIONS
DIRECT INJECTION

ROAD

SHIP

PIPELINE

DIRECT AIR CAPTURE

BIOMASS POWER

WASTE INCINERATION
ETHANOL PRODUCTION

OIL REFINING

CEMENT PRODUCTION

CHEMICAL AND PETROCHEMICAL PRODUCTION
ALUMINIUM PRODUCTION

IRON AND STEEL PRODUCTION
HYDROGEN PRODUCTION
FERTILISER PRODUCTION
NATURAL GAS PROCESSING
MATURAL GAS POWER

COAL FIRED POWER

@
e e ©

992909929909 0

<l

<& i

L IE A6 A6 IE G JE 6 JE U G U L |

0]

45-100
9.0

o HyMet Morth West

@ South Wales Cluster

0.8-60
8.0

o Met Zero Teesside

@ Humber Zero

e o

Upto 18.3

@ Zaro Carbon Humber

m Acom

S
© L<B<N
<]
& L]
< Jf<Jh <

o
EEE =

¢ 1
¢+ 1

5.0-100
1.5-50

up to 97 Mtly

35
3.0

@ C4 Copenhagen
@ Ravenna Hub

@ Langskip
@ Antwerp@C
@ Porthos
@ Athos

@ Greensand

SUM



CO, pris Europa (ETS), €/ton

EU Carbyon Permits (utc+2)
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source: tradingeconomics.com

24



DIRECT AIR
CAPTURE

CEMENT
PRODUCTION

IRON AND STEEL
PRODUCTION

= WASTETO
ENERGY

POWER
GENERATION
NATURAL GAS

POWER
GENERATION
COAL

Direct air capture
Cement

Stal

Avfall

ABU DHABI
CCs1 .

Kraft, naturgas

. EOUNDARY
DAM

Kraft, kol

. OXY DAC

@ NORCEM BREVIK

FORTUM OSLO VARME .
ZEROS

. STOCKHOLM EXERGI
@ corenniL

MUSTANG STATION

COYOTE . . CAL CAPTURE
PLANT DANIEL .

SAN PRAIRIE
JUAN STATE

suoDIaN TazHoU @) PROJECT
TUNDRA

GERALD
GENTLEMAN

BRIDGEPORT o
MOONIE

o IMMINGHAM POWER

HYDROGEN AIR LIQUIDE .. ROTTERDAM
PRODUCTION P
AIR PRODUCTS . . ACTL ROTTERDAM PHILIPS 66
QUEST EXXONMOBIL
Vatg as sie @ STUREEON AIRPRODUCTS ROTTERDAM o
ROTTERDAM
CHEMICAL
PRODUCTION . GREAT LAKE BASF o
Ronua Kemi e . @ SINOPECZHONGYUAN KARAMAY DUNHUA @ LS AnTeSE
anob’l:%!i'ION . ONE EARTH ENERGY
arkaLon @ @ SONANZA BIOENERGY . ILLINOIS INDUSTRIAL INTERSEQT PLAINVIEW @ SoldToRE™= "

Etanol INTERSEQT HEREFORD @ (31 FACILITIES)
FERTILISER . @ rcsniTROGEN ACTLNUTRIEN @)
PRODUCTION ® ENID FERTILISER G Od Sel . COFFFEYVILLE SINOPEC OILU @) WABASH
NATURAL GAS
PROCESSING

SHUTE
CREEK

SZANKFIELD ®
szipnez )

= Naturgas

x LOST CABIN

snerviT @)

core enercy @
PETROBRAS
SANTOS

. UTHMANIYAH

GORGON

. ABUDHABICCS 2
. SANTOS COOPER BASIN

@ creciun
. QATARLNG CCS

@ rerem
ICATIONS

Chart Indicates the primary Industry type of
each facllity among varlous options.

Size of the drcle Is proportionate to
the capture capacity of the facllity.

@ ADVANCED DEVELOPMENT
O CAPTURE CAPACITY TBC

@ IN OPERATION @ IN CONSTRUCTION

@ OPERATION SUSPENDED

5.0 Mtpa OF CO=

FIGURE 9 CCS PROJECTS BY SECTOR AND SCALE (8Y COz CAPTURE CAPACITY) OVER TIME

25



Transport

Pipelines for CO, i USA

e >300 mil

e transporterar 114 Mt/ar CO,
e statistik

— Lackage lika vanligt som med pipelines for naturgas

- Konsekvenser av lackage mycket mindre allvarliga

lackande naturgas lackande koldioxid

——




Lurtt

Forbranning

Luft innehaller
syre (O,)
kvave (N,)

Rokgas

Kvave, N2
79%

Bransle som innehaller
kol (C)
vate (H)

Vid forbranning reagerar C och H med O, till
CO, (koldioxid) — en vaxthusgas
H,O (vatten/vattenanga)

For lagring behévs komprimerad koldioxid, >95% renhet.
Darfor behovs ”infangning” av koldioxid.
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TStearn l—. Power

urbines
* Nitrogen
& E
Post- —- _ s
Combustion - Boiler o co,
Air Flue gas
Nz (70%)
CO, (3-15%)
Nitrogen
CO,
O®
Gasifier/ Co, _
Pre- Fuel Shift Syn gas Capture C%ﬁﬁgon Power
Combustion e 4 ? ‘
CO, (40%) ;
Heat ~
Nitrogen Steam
Trubines Power
Air Air | Oxygen
# Separation
Oxy- Unit
Combustion _
Boiler 002
Recycle Flue Gas
Ny teknik:

Kemcyklisk forbranning: metalloxidpartiklar 6verfor syre fran forbranningsluft till bransle = >>
rokgas av CO2 / H20-gas (ingen gasseparation behovs)



Kraftverk med post-, oxy- eller precombustion
Minskad verkningsgrad: 10% -enheter
Relativ minskning i verkningsgrad:

Kol: 20-25%

Naturgas: 15%

Kostnader (inklusive transport och lagring):
runt 1000 kr/ton CO2



Postcombustion (dominerar helt)
Absorption av CO2 med monoetanolamin (vanligast)

Flue gas CcO2
/]\ regenerated /]\ back-
|< %I pressure
steam
Flue gas >'Absorber Regenerator \l/
e
CO2-rich solvent o
g N
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Unit 3, med CO,-infangning

CO, Absorptions-
stripper torn

kompression / 2
drmevaxlare

Regenerering

Kolkraftverk med CO,-infangning: aminer
1 Mton CO,/ér

Boundary Dam, Canada. 115 MW,

Agaren (Sask Power):
I drift sedan oktober 2014.

Nasta ging 1/3 av kostnaden:

45 $/ton



Petra Nova, Texas, kolkraftverk, >1 Mton/ar
i drift januari 2017 - juni 2020




Vad ar kemcyklisk forbranning (CLC) ?

Air Tva fluidiserade baddar
reactor med ett baddmaterial
N2 (O2) CO: H:0 som cirkulerar.

Baddmaterialet bestar av

1 CO2 +H20 partiklar (sandstorlek)

Luft- Bransle- som transporterar syre
reaktor reaktor fran luft till bransle:

Syrebararen!
Luft Bransle Fuel
reactor

(Fuel Men fungerar

det i praktiken?
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Bränsle-reaktor

Luft-

reaktor

MeO1-x

MeO







N2 (O2)              CO2  H2O  (+(88Air















Luft

Bränsle








J&, DET FUNGERAR !

100 kW fastbransle, 2011

reactor .. ‘

Chalmers:
Total drifttid
S med bransle
10 KW fastbransle, 2006 4000 timmar
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Status kemcyklisk forbranning:

8 Demonstrerad i liten skala: 11 000 timmar i 49
anlaggningar

@ Metalloxider baserade pa nickel, jarn, koppar, mangan
och ett antal kombinerade oxider (FeTiO5, CaMnO,
osv) har anvants, liksom kommersiella malmer (jarn-,
mangan- och ilmenitmalm).

& Kostnad med fasta branslen uppskattad till 20 €/ton
CO,

€ Verkningsgradsforlust med fasta branslen, c:a 4%

@ Billiga malmer lampliga for fasta branslen
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Koldioxidinfangning och lagring i Sverige ??

Stora utslappskallor:
-biobransle
-jarn/stal
-raffinaderier
-cement/kalk

R 5 Icetand
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Metheriands

Type of facility
2 Cement and lime prodecton ) Other

3} Non-ferrous metal production @ Production of chemicals

L0y emissions (ktfa

- 2000

- 4000

& ron and steel production {2 Power and hezt production

@ Offshore oil and pas activities @ Pulp and paper production 36
& 0it and gas refineries @ Waste freatment or incineration
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mm LANGSKIP PROJECT

== IR0 PARTY VOLUMES OF COz
== Al TERMATIVE STORAGE PROJECTS
@& MORTHERN LIGHTS STORAGE SITE

CinfraCap, upp till 1.86 Mt/ar
Goteborg Energi, Preem, St1, Renova och
Goteborgs Hamn AB.




Sveriges inhemska fossila koldioxidutsldpp ar:
43 Mton/ar

Med stopp for fossila utslapp plus negativa utslapp kan
vi minska Sveriges utslipp med ndrmare

175%

Svenska koldioxidutslapp
fran biomassa (storre

punktkillor): 31 Mton/ar

Mojligheter att lagra
koldioxid i Norden
éﬂﬂwlt
Tubdsen ‘

Utslappskallor
100.000 - 499.000 ton/ar
500.000 - 1.000.000 ton/ar

>1.000.000 ton/ar

Lagringsomraden
Pagiende lagring

Goda forutsattningar far lagring

7 N

Majlig lagring




_ Minskning fossila utslapp
_ Minusutslapp

Klimateffektivitet. 2
Biomassa ar en

begransad resurs.

Bor anvandas sa ]
effektivt som mojligt
ur klimatsynpunkt.

NilMmaterreKkuvitet
|

(@)
=
c
C
:©
—
0
—
S

bransleproduktion
forbranning och
CO2-infanging
bransleproduktion
och
CO2-infangning



Bio-CCS/BECCS
nyttiggorande
av “avfall” fran

Kolinlagring i 1 Mat/foder

jordbruksmark

minusutsldpp!

var anvandning 2 Fibrer/kemikalier Biogent
av biomassa papper, timmer, plasti avfall
Totalt uttag av
g‘t(;[nassa ar 22 3 Energi Bio-CCS
ar o

forbrannin ~ dop!
(fossila utslapp ar . 8) minusutslapp:
35 Gt/ar)

Trakol
A\! deSS_a 20 Gt 4 Pyrolys markforbattring
gar 1/3 till ‘ ‘ ;
atmosfiren som i
utandning Skogsplantering € Brinclen
(ménniSkor + minisutskipp! biodiesel, alkohol, biogas
husdjur) ——t———

Idealt kan resten
anvandas for
negativa utslapp.



Att klara klimatet med minusutslapp kostar:

antag 800 Gton
>> 100 ton/manniska a c:a 1000 kr
=100.000 kr/manniska

Vem betalar ?
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Enkel losning

Dom som slapper ut betalar minusutslappen.
Eftersom CO,-budgeten snart ar slut ar det rimligt:

De som slapper ut betalar stadkostnaden
alltsa att fanga in koldioxiden fran atmosfaren.

Kostnad for detta alltsa 1 kr/kg (1000 kr/ton)
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Ar inte 1 kr/kg orimligt dyrt ?

Nej, koldioxidintensiteten i globala ekonomin ar bara 0,03 kg/kr
Alltsa: 1 kr/kg motsvarar 3% av globala ekonomin

Men den osynliga handen skulle snabbt hitta massor med satt

att undvika avgiften. For det ar normalt mvcket billigare att inte
slappa ut an att fanga in fran atmosfaren.

INVISIBLE
HANID,

ADAN SMITH.
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DN Debatt

DN Debatt. "Sa kan vi halvera
FORSLAG Sveriges koldioxidutsldpp nu”

Infor betalansvar for koldioxidutslapp

Med ett betalansvar pa de utslapp som inte
ar med i EUs handelssystemsystemet

(c:a 23 Mton CO,),

kan Sveriges utslapp halveras till lag
kostnad:

- T—
= 2,30 kr/L bensin DN DEBATT 16/3.2020
Anders Lyngfelt, professor i energiteknik, och
o *
= 0.5% av BNP bitradande lektor Mathias Fridahl: Dagens
klimatmal forutsitter att vara barn och barnbarn
= 2300 kr/svensk

ska betala priset. Stora minusutslapp kravs for att
klara koldioxidbudgeten. Losningen ir enkel: Ett
betalningsansvar som innebdr att de som slapper ut
koldioxid betalar for att ta bort den fran
atmosfiren.

*motsvarar ett par manaders tillvéxt

(ej "férlorad” BNP, ddremot 44
konsumtionsutrymme)



Vanliga missuppfattningar om CCS / Bio-CCS
Bio-CCS behovs inte: koldioxidbudgeten snart slut, kommer att 6verskridas
Biomassa behovs for annat: gar att kombinera (dock inte fordonsbranslen)
Tekniken oprovad i stor skala:
- finns i stor skala, inget markvardigt, forsta kraftverk med CO,-
infangning pa 70-talet
Osaker: nej mycket saker
Bio-CCS kraver "tva ytterligare Indien”:
- nej, vi kan anvanda den biomassa vi redan tar ut for
minusutslapp, och det finns nog utrymme for att 6ka uttaget

Bio-CCS behovs inte nu/ej prioritet: vi behdver borja sa snart som moijligt

Dyrt: nej hogst rimliga kostnader, bara ett par % av BNP behovs globalt
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INTERNATIONAL CONFERENCE ON

NEGATIVECO,
EMISSIONS

MAY 22-24, 2018

CHALMERS UNIVERSITY OF TECHNOLOGY
GOTHENBURG, SWEDEN —

2N INTERNATIONAL CONFERENCE ON
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EMISSIONS
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