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Nar och under vilka forutsattningar kan vi forvanta oss att
fornybar energi ersatter anvandningen av fossila branslen?
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Standig utveckling av den globala fossilbransleinfrastrukturen




Coal, oil and gas

Bo8jcic  Carbon budget 2007-2050 for a 2 <C target

IRestricting to 25% probability for warming >2 <C

Meinshausen M., 2009. “Greenhouse gas emission targets for limiting global
warming to 2° C”. Letters to Nature Vol 458, April 30, 2009
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Bo8jcic  Carbon budget 2007-2050 for a 2 <C target

_ Fossil reserves

Fossil reserves + 30% of resource base

IRestricting to 25% probability for warming >2 <C

Meinshausen M., 2009. “Greenhouse gas emission targets for limiting global
warming to 2° C”. Letters to Nature Vol 458, April 30, 2009
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Domestic reserves and resources of fossil fuels

Fossil fuels Energy content [EJ] Economic value [billion USD] Economic value as
(Coal, oil and gas) share of GDP
Reserves Reserves Reserves [ Reserves 2011\ 2011 Reserves
+30% of +30% of  production| production + 30% of
Resources Resources Resources
China 5254 48 627 26 164 239 058 643 0.088 33
EU27 1 066 5784 5935 28 651 156 0.012 2.2
Germany 372 1185 1683 5 366 14.8 0.004 1.5
India 2584 4 462 10 821 19 144 131 0.07 10.2
Japan 10.2 120 59 578 2.6 0.0004 0.098
Norway 118 194 1410 2 350 110 0.22 4.8
Russia 5622 36 629 39 322 179 993 658 0.35 95
UsS 7 384 70 056 34634 \ 309981 494 ) 0.033 21
N 4
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Primary energy from fossil, NHRES and Hydro

7~ N
Primary energyconsumption 1990 2004 2010 A(2004-2010)
_ [Mtoe]
China
Fossil 670 1362 2114 752
NHRES 200 221 222 1
Hydro 11 30 62 32
EU
Fossil 1351 1433 1291 -142
NHRES 49.0 81.5 152.0 70
Hydro 25.0 26.3 31.0 \ 4.7 y,




CHALMERS Chalmers University of Technology

Primary energy from fossil, NHRES and Hydro

Primary energyconsumption 1990 2004 2010 4 A(2004-2010)\
_ [Mtoe]
China
Fossil 670 1362 2114 752
NHRES 200 221 222 1
Hydro 11 30 62 32
EU
Fossil 1351 1433 1291 -142
NHRES 49.0 81.5 152.0 70
Hydro 25.0 26.3 31.0 4.7
India
Fossil 175.0 346.0 502.0 156.0
NHRES 133.0 214.0 172.0 -42.0

Hydro 6.0 7.0 10.0 . 30
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Primary energy from fossil, NHRES and Hydro

Primary energyconsumption 1990 2004 2010 4 A(2004-2010)\
_ [Mtoe]
China
Fossil 670 1362 2114 752
NHRES 200 221 222 1
Hydro 11 30 62 32
EU
Fossil 1351 1433 1291 -142
NHRES 49.0 81.5 152.0 70
Hydro 25.0 26.3 31.0 4.7
India
Fossil 175.0 346.0 502.0 156.0
NHRES 133.0 214.0 172.0 -42.0
Hydro 6.0 7.0 10.0 3.0
Russia
Fossil 822.0 579.0 643.0 64.0
NHRES 12 7.0 7.0 0

Hydro 14 15 14 \ 1)
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Primary energy from fossil, NHRES and Hydro

Primary energyconsumption 1990 2004 2010 4 A(2004-2010)\
. [Mtoe]
China
Fossil 670 1362 2114 752
NHRES 200 221 222 1
Hydro 11 30 62 32
EU
Fossil 1351 1433 1291 -142
NHRES 49.0 81.5 152.0 70
Hydro 25.0 26.3 31.0 4.7
India
Fossil 175.0 346.0 502.0 156.0
NHRES 133.0 214.0 172.0 -42.0
Hydro 6.0 7.0 10.0 3.0
US
Fossil 1655 2 006 1864 -142
NHRES 76.0 82.0 108.0 26
Hydro 23.0 23.0 23.0 \_ 0 Wi
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Electricity generation - fossil, NHRES and Hydro

El generation [TWh] 1990 2004 2010 ( A(2004-2010)
China
Fossil 523 1830 3393 1563
NHRES 0 2 57 55
Hydro 127 354 722 368
EU
Fossil 1462 1776 1706 -70
NHRES 25.0 133 321 188
Hydro 286 357 366 \ 9 ),




Carbon intensity vs research spending, 1996-2008
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Filip Johnsson: miljérérelsen har inte tankt e emogaﬂae‘gaﬁv\“" e S

igenom alternativet till CCS

Publicerat: onsdag 16 oktober kl 16:35 Delaw

Filip Jehnsson | protessor | uthalliga energisystem pa
Chalmers tekniska hagskola som forskar om CCS anser

att tekniken behovs eftersom inte ens ett land som Norge
later sin olja och gas ligga kvar under havsbotten. Da kan
man inte farvanta sig att Venezuela, Mongoliet, Ryssland,
Kina eller Indien med enorma fossiltillgangar ska lata bli
sina. Miljororelsens argument att CCS blir ett alibi for aft inte
satsa pa fornybart tror han inte pa. Alla alternativ kommer att
behdvas for att klara klimatmalen anser Johnsson.




CHALMERS Chalmers University of Technology

Sammanfattningsvis

* Problemet: Det finns for mycket fossila branslen, ur ett
klimatperspektiv
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Sammanfattningsvis

* Problemet: Det finns for mycket fossila branslen, ur ett
klimatperspektiv

« Lander med stora tillgangar av fossila branslen: primér
energitillforsel och elforsorjning fran fossila branslen har
okat mer an fran férnybara kallor — USA ér ett undantag

o Utvecklingsekonomier: Endast liten 6kning I primarenergi
fran fornybara kallor men kraftig 6kning av priméarenergi
fran fossila branslen

o Fossilforbannelse — ja! Vi kan inte forvanta oss att de fossila
tillgangarna skall lamnas kvar i backen
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Sammanfattningsvis - forts

Atgard — CCS

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

Utvecklingen av CCS har avstannat

Initiera forskning om geopolitiska mojligheter att hantera de
fossila branslena — alls moéjligt att hitta styrmedel sa att dessa ej
utvinns pa (nara) sikt?

Styrmedel: Det maste till en kostnad att slappa ut koldioxid
(och andra klimatgaser)
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Long lead times in development >

Example: Oxyfuel combustion for CO, capture -

Research and development -
plant

Vattenfall 30MW
pllot plant

Chalmers 100kW S P——
research plant oA -

Janschwalde 250 MW 'y
/—\ demonstration plant [N s
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Method

e Countries and regions with large domestic fossil fuel
resources are compared with countries with little such
resources

* The value of the domestic fossil fuel resources vs the fuel
mix of primary energy consumption and technology mix
for electricity generation

e Growth In the different fuels for primary energy
consumption vs the growth in fossil based and NHRES
based electricity generation.

e NHRES = wind, solar and biomass and “other renewables”
(excludes hydropower)
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