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®* Motiv for CCS
® Svensk potential for CCS

® Nagra drivkrafter som kan ge afféar for CCS



Kraftig tillvaxt 1 fornybar energi
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Kraftig tillvaxt 1 fornybar energi — noll minskning i1 andelen fossil energi!
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Kraftig tillvaxt 1 fornybar energi — noll minskning i1 andelen fossil energi!
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Kraftig tillvaxt 1 fornybar energi — noll minskning i1 andelen fossil energi!
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Huvudmotiv for CCS

® Den stora mangden fossila branslen

— Alternativet ar att lamna de fossila branslereserverna outnyttjade —
CCS mojliggor mjukare” overgang for fossilrika ekonomier

* Bidra till att dstadkomma negativa utslapp: Kompensera fér kvarvarande
fossila utslapp samt pa sikt astadkomma netto negativa utslapp (Sverige: de

sa kallade kompletterande atgéarderna) — Bio-CCS (BECCS)
® Nodvandig atgard i flera industrier dar alternativ saknas eller ar osakra/dyra
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CCS — 28 Large industrial point sources of CO, (>500 ktCO,/year)
Applying post combustion (MEA)

Biogenic and fossil
feedstocks and fuels

=
2 Steel plants
+ 1 CHP plant
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CCS — 28 Large industrial point sources of CO, (>500 ktCO,/year)

140
On-site cost for CO2 capture from fossil sources
120 I On-site cost for CO2 capture from sources of primarily biogenic origin
-------- System cost for transport and storage
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Cumulative amount of CO, captured (Mt/a)

Johnsson, F. Normann, Svensson (2020)



CHALMERS

UNIVERSITY OF TECHNOLOGY

<© Hubs

Plant type
() Biomass
/A Waste

CO, captured P

> 500 kton/yr

CCS pa kraftvarmeverk NG 250-500 o

A O 100 - 250 kton/yr
& O <100 ktonfyr
Cost
B <70 €iton &
[ 70 - 100 €/ton ® © Luled
[ =100 €/ton @

[z

R | 1 ; % -+~  Stockholm

(R TR TR TR R RS



CCS on Swedish CHP plants in district heating systems

Mainly biogenic (but a significant fossil share in waste incinerators)
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* Including truck transport (excl. cost for ship transport and storage)

» Carbon capture potential depends on extent of heat recovery from capture plant

Beiron et al. (2022)
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CCS @
28 Large industrial point sources of CO, (>500 ktCO,/year) | St
+ CHP plants of different sizes

On-site cost for CO2 capture from fossil sources
H On-site cost for CO2 capture from sources of primarily biogenic origin

-------- System cost for transport and storage

Only transport to harbor included
Cost for transport and storage in North Sea
estimated to 30-55 €/ton CO,
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Around 35 Mt/year @ cost <125 €/ton CO,
Swedish total CO, emissions = 41 Mt/year (GHG emissions 51 Mt/year)




@® Kollsnes
+ Potential transport hubs

® Heat and power
® Refineries
® Pulp and paper
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lagring (och transport) kopas av
annat land

Permanent storage

CO, is injected into a saline aquifer

Transport Receiving terminal
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CCS @
28 Large industrial point sources of CO, (>500 ktCO,/year)
+ CHP plants of different sizes

140
On-site cost for CO2 capture from fossil sources
120 H On-site cost for CO2 capture from sources of primarily biogenic origin
------System cost for transport and storage
100

Only transport to harbor included
Cost for transport and storage in North Sea
estimated to 30-55 €/ton CO,
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Around 35 Mt/year @ cost <125 €/ton CO,
Swedish total CO, emissions = 41 Mt/year (GHG emissions 51 Mt/year)
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Johnsson et aI (2020) Belron et aI (2022)
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(Ferebels wgive)

EGE
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Meld. St.33
(2019-2020)
Melding til Stortinget

Langskip — fangst 0g lagring av CO:

Timeline towards zero and negative emissions
efforts must be accelerated "The pathway to a

3-10 Mt/yr climate positive
6-25 p|ants future” (SOU 2020:4)

1.8 Mt/yr
4-5 plants

2030 2040 2045 2030



Drivkrafter som kan ge affar for CCS:
- EU-ETS

- utslappsmal for vardekedjor

- negativa utslappskrediter (staten)

- klimatkompensation






Vardekedjeperspektiv...
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4{ CLINKER PRODUCTION { CONCRETE MANUFACTURING

Civil engineering

Transport
infrastructure

Hydraulic works

Other

Non-residential buildings

Public

Commercial

Other

White clinker
Residential buildings

Blended
cements

Multi-dwelling
houses

CEMENT PRODUCTION
Single detached
houses

White cements -
Other




Hur mycket dyrare blir produkter i

H H . Sa mycket
koldioxidneutrala material? dyrare bl

cementen

+70%

Vardekedjeperspektiv!

Sa mycket
- dyrare
. blir stalet

+25%




Att gora basmaterial klimatneutrala
skulle dka priset kraftigt, menden
fardiga konsumentprodukten ékar
bara marginellti pris

Cementindustrin Stalindustrin

Sa mycket
dyrare blir
cementen

+70%

Sa mycket
: dyrare
: blir stalet

- +25%

Sa mycket
dyrare '
blir huset

+mindre
dn0,5%

Sa mycket
dyrare
blir bilen

+mindre
an 0,5%




Att gora basmaterial klimatneutrala
skulle dka priset kraftigt, menden
fardiga konsumentprodukten ékar
bara marginellti pris

Sstrin Stalindustrin

Sa mycket
: dyrare
: blir stalet

+25%

http://www.dn.se/debatt/plan-saknas-for-att-
minska-basindustrins-klimatpaverkan/

Sa mycket S& mycket
dyrare dyrare
Rootzén and Johnsson blir huset : blir bilen
Energy Policy 98 (2016) 459-469 = : -
Climate Policy 17, 6, (2017) 781-800 +mindre +mindre
See also (in Swedish) 5“ 0 5% : 5“ 0 5%
]



http://www.dn.se/debatt/plan-saknas-for-att-minska-basindustrins-klimatpaverkan/

Att gora basmaterial klimatneutrala
skulle dka priset kraftigt, menden
fardiga konsumentprodukten ékar
bara marginellti pris

Cementirzstrin Stalindustrin

Sa mycket
: dyrare
: blir stalet

+25%

Sa mycket
dyrare

dyra

blir huset

+mindre
dn0,5%

blir bilen

+mindre
an 0,5%

Rootzén and Johnsson

Energy Policy 98 (2016) 459-469
Climate Policy 17, 6, (2017) 781-800
See also (in Swedish)
http://www.dn.se/debatt/plan-saknas-for-att-
minska-basindustrins-klimatpaverkan/



http://www.dn.se/debatt/plan-saknas-for-att-minska-basindustrins-klimatpaverkan/

Om vi ror oss i enlighet med klimatmalen
— vardet pa fornybara branslen kommer dka

Value/willingness to pay for RES-fuels Biomass & O, to CO,
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Stor potential 1 Sverige for Bio-CCS

Svenska staten ska handla upp negativa utslapp
med hjalp av ett omvant
auktioneringsforfarande

Bra att komma igang med bio-CCS!

Men, inte uppenbart att det alltid ger bast
klimatnytta

Biomassa en begransad resurs — vad som raknas
som ett avfallsbransle idag kan ha ett hogre varde
Imorgon (tex traflis som eldas I kraftvarmeverk
kanske maste anvandas till langlivade produkter,
flygbranslen eller ravara till gron kemi)

Oppna upp for cirkulara system — inte rimligt
at staten endast subventionerar att de gréna
kolatomerna ska stoppas ner 1 backen (= ett linjart
system)
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Mal for nettonollutslapp har 6kat intresset for klimatkompensation

Lyssna Lactlast  Teckensprak | E
uropean | English
H Commission m g

W Regeringskansliet Sok pa regeringen.se

Climate Action

bveriges regering ¥ Regeringens politik i Sverige & EU v Dokument & publikationer
miolnl=W Aboutus w | Climate change v JSWFa(RRYE Citizens w

Artikel frn Klimat- och naringslivsdepartermentet

The EU aims to be climate-neutral by 2050 — an economy with net-zero greenhouse gas emissions.

Det kl | matpOhtlS ka ra mve rket This objective is at the heart of the European Green Deal and in line with the EU’s

commitment to global climate action under the Paris Agreement

Klimatmal

Senast ar 2045 ska Sverige inte ha nagra nettoutslapp av vaxthusgaser till
atmosfaren, for att darefter uppna negativa utslapp. Malet innebar att

utslappen av vaxthusgaser fran svenskt territorium ska vara minst 85 KI i matkom pensati On kan

procent [agre ar 2045 an utslappen ar 1990. Vid berakning av utslappen fran

verksamheter inom svenskt territorium omfattas inte utslapp och upptag go raS med neg ativa utslﬁpp ..

fran markanvandning, forandrad markanvandning och skogsbruk (LULUCF).

De kvarvarande utslappen ned till noll (15%) kan uppnas genom sa kallade
kompletterande atgarder.



Huvudatgarder for negativa utslapp

Biochar/Soil carbon

Afforestation

Direct Air Capture - DAC

Climeworks https://en.wikipedia.org/wiki/Biochar#/media/File:Biochar_sample_size.jpg

BECCS — Bio Energy CCS Enhanced weathering
co,

IHustrasicn: Doghouse.no

https://www.mn.uio.no/geo/english/research/projects/1.5C-BECCSy/ https://pubs.acs.org/doi/10.1021/acs.est.6b05942 https://en.wikipedia.org/wiki/Reforestation#/media/File:RedPinePlantation.JPG



https://www.mn.uio.no/geo/english/research/projects/1.5C-BECCSy/
https://energyeducation.ca/encyclopedia/Afforestation
https://en.wikipedia.org/wiki/Reforestation#/media/File:RedPinePlantation.JPG
https://en.wikipedia.org/wiki/Biochar#/media/File:Biochar_sample_size.jpg
https://pubs.acs.org/doi/10.1021/acs.est.6b05942

Huvudatgarder for negativa utslapp

Bi_ochar/SoiI carbon

Afforestation

Direct Air Capture - DAC

«
v m

https://energyeducation.ca/encyclopedia/Afforestation

Climeworks https://en.wikipedia.org/wiki/Biochar#/media/File:Biochar_sample_size.jpg

BECCS — Bio Energy CCS Enhanced weathering Reforestatin -

https://www.mn.uio.no/geo/english/research/projects/1.5C-BECCSy/ https://pubs.acs.org/doi/10.1021/acs.est.6b05942 https://en.wikipedia.org/wiki/Reforestation#/media/File:RedPinePlantation.JPG

Ovanstaende uppvisar valdigt olika kostnader. Man skulle kunna saga att desto lagre permanensrisk desto hogre kostnader ) o
(afforestation/reforestation har lagst kostnad men hogst permanensrisk). Net = Negatlve Emission Technology


https://www.mn.uio.no/geo/english/research/projects/1.5C-BECCSy/
https://energyeducation.ca/encyclopedia/Afforestation
https://en.wikipedia.org/wiki/Reforestation#/media/File:RedPinePlantation.JPG
https://en.wikipedia.org/wiki/Biochar#/media/File:Biochar_sample_size.jpg
https://pubs.acs.org/doi/10.1021/acs.est.6b05942

Risker aven med certifierad klimatkompensation

© Print subscriptions | € Signin | Searchjobs ' O, Search | International edition

Support the Guardian The

Fearless, independent, reader-funded

| Guardian

News Opinion Sport Culture Lifestyle More -~

Revealed: more than 90% of rainforest
carbon offsets by biggest certifier are
worthless, analysis shows

Investigation into Verra carbon standard finds most are ‘phantom
credits’ and may worsen global heating

‘Nowhere else to go’: Alto Mayo, Peru, at centre of conservation
TOW

Greenwashing or a net zero necessity? Scientists on carbon
offsetting

Carbon offsets flawed but we are in a climate emergency

Based on a new analysis at least
90% of Verra's rainforest carbon
credits do not represent real
emission reductions

Each credit is equal to one metric tonne of
CO2 equivalent

94.9m 5.5m

carbon credits real emissions
claimed reductions

Guardian graphic. Source: The Guardian analysis based
on a significant percentage of the projects as locked by
West et al studies and Verra registry (accessed in
August 2022)_ All figures are estimates. West et al 2023
is a pre-print. Mote: Vierra's claims versus analysis of
independent scientific studies
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