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Carbon budget for 2°C warming

Remaining carbon budget (IPCCS, 2014)

Past emissions (IPCC, 2014) -515

GtC

LIPCC (2014); Fifth assessment report, working group 111, Table 6.3 page 431
(430-480 ppm CO,,,, overshoot < 0.4W/m?, the average of 150-280 GtC 2011-
2050 and 171-322 GtC 2011-2100, 12-22% probability of exceeding 2°C)
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Coal, oil and gas vs carbon budget for 2°C warming

Fossil reserves

Remaining carbon budget (IPCCS, 2014)

Past emissions (IPCC, 2014) -515

GtC

LIPCC (2014); Fifth assessment report, working group 111, Table 6.3 page 431
(430-480 ppm CO,,,, overshoot < 0.4W/m?, the average of 150-280 GtC 2011-
2050 and 171-322 GtC 2011-2100, 12-22% probability of exceeding 2°C)
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Coal, oil and gas vs carbon budget for 2°C warming

Fossil reserves + 30% of resource base

Fossil reserves

Remaining carbon budget (IPCCS, 2014)

Past emissions (IPCC, 2014) -515

GtC

LIPCC (2014); Fifth assessment report, working group 111, Table 6.3 page 431
(430-480 ppm CO,,,, overshoot < 0.4W/m?, the average of 150-280 GtC 2011-
2050 and 171-322 GtC 2011-2100, 12-22% probability of exceeding 2°C)
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Samtidigt stora investeringar 1 fossil bransleinfrastruktur

A
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”Fossilforbannelse”
® Lander med stora tillgangar av fossila branslen

— Primar energitillforsel och elférsérjning fran fossila branslen
har okat mer an fran férnybara kallor

® Fossilforbannelse

— Vi kan inte forvénta oss att lander med stora fossila tillgangar
skall ldmna dessa outnyttjade

® Mycket stort hot mot en langsiktig 16sning pa klimathotet -
endast tva mojligheter
— Lamna de fossila bréanslena outnyttjade
— Tilldampa CCS tekniken fullt ut

Se http://www.dn.se/debatt/overflodet-av-fossilbranslen-ar-den-storsta-klimatfragan/
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Avskiljning, transport och lagring av CO,
CO, Capture, Transport & Storage (CCS)

/

Refinery

Injection-/

with pure  Injection-/productio Powerplant with production-
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- Hydrocarbon Fields

- Storage formations (Aguifers)

Porous basalts
Sedimentary Basins

Maritime borders
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| Norden och Sverige - CCS framst for basindustrin....



NORDISK BASINDUSTRI — UTAN CCS

Utslappsminskningar CO,-intensiv . N
industri totalt (utan CCS) Minskad aktivitet

30 / raff. industrin
25 Biomassa i stal-
och cement-
industrin

20
\0\\ \
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\ i cement
10
: \\ BAT ersitter
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Sammanlagd potential -35% 2050 jamfort med 2010

Rootzén, J., Johnsson, F. (2015) Energy 80, 715-730



NORDISK BASINDUSTRI - MED CCS

Utslappsminskningar CO,-intensiv

industri totalt (med CCS)
30
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15 \O\\\ CCS
X
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MtCO,/ar
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~100€/ton CO2

e

Betydande kostnader i
termer av 6kad
energianvandning

Stora volymer av CO,
att hantera

Sammanlagd potential -85% 2050 jamfort med 2010

Rootzén, J., Johnsson, F. (2015) Energy 80, 715-730



Nordisk basindustri
Atgarder for at uppfylla
langsiktiga utslappsmal
kostar ~100€/ton CO,

EU-ETS < 10 €/ton CO,

Rootzén and Johnsson, (2015)
Se

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

minska-basindustrins-klimatpaverkan/

Att gora basmaterial klimatneutrala
skulle dka priset kraftigt, menden
fardiga konsumentprodukten 6kar
bara marginellti pris

Cementindustrin Stalindustrin

Sa mycket
dyrare blir
cementen

+70%

Sa mycket
- dyrare
- blir stalet

+25%

Sa mycket
dyrare
blir huset

+mindre
dn 0,5%

Sa mycket
dyrare
blir bilen

+mindre
an 0,5%



http://www.dn.se/debatt/plan-saknas-for-att-minska-basindustrins-klimatpaverkan/
http://www.dn.se/debatt/plan-saknas-for-att-minska-basindustrins-klimatpaverkan/
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Tre argument for att CCS-tekniken behovs

1. CCS mojliggor for regioner med stora tillgangar av fossila branslen
att ga med pa langtgaende utslappsminskningar samtidigt som de
kan fortsatta att nyttja sina naturresurser (de fossila brénslena)

2. CCS kréavs for att basindustrin skall lyckas mota de
utslappsminskningar som Sverige satt upp som mal till ar 2050 —
att koldioxidutslappen da skall vara nara noll

3. CCS kan bidra till negativa utslapp, vilket med stor sannolikhet
kommer att kravas om ett tvagradersmal skall nas (och & mer med
ambitionen max 1,5°C)



-l

Sammanfattningsvis

® Problemet: Det finns for mycket fossila branslen, ur ett
Klimatperspektiv

— Utan CCS: Snabbt komma till stand global 6verenskommelse att fasa
ut alla fossila branslen — osannolikt!

® Med tanke pa den stora utmaningen: Vi behdver alla tekniker
och atgarder fram till 2050, dvs kompromisser behovs —
fokusera pa styrmedel!

® Styrmedel: Det maste till en kostnad att slappa ut koldioxid (och
andra klimatgaser) — innovativ prissattning behovs
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2°C mal kraver netto negativa utslapp efter2050 —
an mer sa for ett 1,5°C mal

ATMOSPHERE
Coz2 co2
fossil fuels carbon capture biomass biom ass with
carbon capture
GROUND

30 Mt CO, fran biogena punktkallor i Sverige



croeaL carson  Emissions from fossil fuel use and industry

PROJECT

Global emissions from fossil fuel and industry: 35.9 = 1.8 GtCO, in 2014, 60% over 1990
® Projection for 2015: 35.7 = 1.8 GtCO,, 59% over 1990

Data: CDIAC/GCP/BP/USGS | | Bl Projection 2015
38 - 35.7 Gt CO»
—0.6% decline
36 (-1.6% to +0.5%)

34_ 2014: 359 Gt C02
+0.6% increase

>
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E 261 +1.0%/yr i
o Uncertainty is =5% for
6 241 | one standard deviation
@) 5o I (IPCC “likely” range)

1990 1995 2000 2005 2010 2015

Estimates for 2012, 2013, 2014, and 2015 are preliminary
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

croeaL carson  Emissions from fossil fuel use and industry

PROJECT

Global emissions from fossil fuel and industry: 35.9 = 1.8 GtCO, in 2014, 60% over 1990
® Projection for 2015: 3 GtCO,, 59% over 1990

Projection 2015
35.7 Gt CO,
—0.6% decline
(-1.6% to +0.5%)

2014: 35.9 Gt CO,
+0.6% increase

Uncertainty is =5% for
one standard deviation
(IPCC “likely” range)

1990 1995 2000 2005 2010 2015

Estimates for 2012, 2013, 2014, and 2015 are preliminary
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/
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A Primary Energy Consumption [Mtoe]

[Economic value as % of GDP]
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Example of power plant (base load) |
Lignite-fired 2x933MW,,
2x115MW, ...,

Commissioned in 2000~

?t
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Mer eller mindre trog omstalining av energisystemets kapitalstock
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Hog kostnad jamfort med forvantat
EU-ETS pris



CHALMERS

UNIVERSITY OF TECHNOLOGY

Langa ledtider for forskning och utvecklings
Exempel: Oxyfuelforbranning for CO, avskiljning

Janschwalde 250 MW
/_\ demonstration plant
o A

Vattenfall 30MW

pilot plant
Chalmers 100kW | |
research plan
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Langa ledtider for forskning och utveckling
Exempel: Oxyfuelforbranning for CO, avskiljning

Vattenfall 30MW
pilot plant
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Chalmers 100kW
research plant
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Canada - the first large coal CCS project

Boundary dam, 1 million tons
CO,/yr (coal fired station)

110 MW, Post combustion capture
Put in operation October 8, 2014
Storage for EOR and in aquifer
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