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Kortversjonen

* Verden trenger klimapositive Igsninger for & na Paris avtalens malsettinger.
e Norge trenger en forsknings og innovasjonsagenda for klimapositive tiltak na, den finnes ikke!

o Utfordringen ligger i mangel pa en forretningsmodell for rene klimateknologier- dvs teknologier som kun leverer
klimagassreduksjoner — fra et bedriftsgkonomisk perspektiv

e Det betyr at det offentlige ma kompensere for markedssvikt og sette igang arbeid for a legge til rette for gode modeller
for fremtiden- at det er et felles gode er uomtvistelig.

e Ma3 aldri sees pa som et alternativ til effektivisering og andre klimateknologier

e Har vi ressursene og hvorfor snakker ingen om mulighetene | havet?
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IDCC

INTERGOVERNMENTAL PANEL on Climate chanée

Global Warming of 1.5°C

An IPCC Special Report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty

(Summary for Policymakers)
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Endringstakten er ikke tilstrekkelig!

Figure 6. World total primary energy supply by fuel
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IPCC — lllustrative
pathways

Global total net CO2 emissions

Billion tonnes of CO,/yr

50

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Four illustrative model pathways

P1
P2

P3

P4

Breakdown of contributions to global net CO2 emissions in four illustrative model pathways
Fossil fuel and industry AFOLU BECCS

Billion tonnies OO, peryear (GtCO=/yr) Billion tonnes OO, per year (GtCOz/yr) Billion tonnes CO; per year (GECOs/yr) Billion tonnes CO, per year (GCO:fyr)
40 P1 “ P2 W P3 “ P4
20 20 20 20

0 o 0 o

2020 2060 100 2020 2060 2100

P1: A scenarioin which social, i P2: Ascenario with a broad focus on P3: A middle-of-the-road scenario in | P4 Aresource and energy-intensive
business, and technelogical i zustainability including energy which zocietal az well as technological | zeenario in which economic growth and
innovations result in lower energy intensity, human development, development follows historical globalization lead to widespread
demand up to 2050 while living | economic convergence and pattemns. Emissions reductions are i adoption of greenhouss-gas intensive
standards rise, especially in the global international cooperation, as well as mainly achieved by changing the wayin lifestyles, including high demand for
South. A down-sized energy system i  shifts towards sustainable and healthy which energy and products are {  transportation fuels and livestack
enables rapid decarbonization of consumption patterns, low-carbon produced, and to a lesser degree by products. Emissions reductions are
energy supply. Afforestationistheenly | technolegy innovation, and reductions in demand. mainly achieved through technological
CDR option considered; neither fossil : well-managed land systems with means, making strong use of COR
fuels with CC5 nor BECCS are used. i limited societal acceptability for BECCS. through the deployment of BECCS.
Global indicators T P1 P2 P3 P4 Interquartile range
Pathway classification No or low overshoat Mo or low overshoat Mo or low overshoot High overshoot No or low overshoot

| 1

Pr. i dag styrer vi mot P3 eller P4
scenariet- alle scenarier trenger
klimapositive lgsninger. Dette er
l@sninger hvor vi netto fjerner CO,
fra atmosfaeren. Hva kan Norge
bidra med her?

Norge kan fort trenge 5-10Mton
CO2 klimapositive lgsninger pr ar i
2050 for a veere netto null
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Alle sektorer kan ikke bli null

Gross positive
greenhouse gas
emissions CO,
from fossil fuels,
industry and land
use changes
methane, N,O
and F-Gases

Greenhouse gas emissions (GtCO,/year)

Net-zero emissions

_— Net negative
greenhouse gas
; _: 1 | emissions
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 @ SINTEF

Kilde: The Royal Society: GHG removal, 2018
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Global indicators
Pathway classificotion
CO: emission change in 2030 (% rel to 2010)
L i 2050 (% rel to 2010)
Kyoto-GHG emissions” in 2030 (% rel to 2010)
L in 2050 ("6 rel to 2010
Final energy demand** in 2030 (% rel to 2010)
L in 2050 (% red to 2010
Renewable share in electricity in 2030 (%)
L i 2050 (%8)
Primary energy from cool in 2020 (% rel to 2010)
L. in 2050 (% rel to 2010)
from oil in 2030 (% rel to 2010)
L in 2050 (% rel to 2010)
from gas in 2030 (% rel to 2010)
L in 2050 (% rel to 2010)
from nuclear in 2030 (% rel to 2010)
L in 2050 (% rel to 2010)
from biomass in 2030 (% red to 2010)
L in 2050 (% rel to 2010)

from non-biomass renewables in 2030 (% rel to .TELEEJE

L in 2050 (% rel to 2010)
Cumulative CCS until 2100 (GH00:)
L of which BECCS (GtC0:)

Lond area of bicensrgy crops in 2050 (million hectars)

'Ha emissions in

L P1 P2 P3 P4 | Interquartile range
. Noor low overshoot Noorlowovershoot |  Noorlowovershoot = High overshoot | Noorlow overshoot
=58 47 41 4 (-59,40)
a3 -85 91 87 (-104.-91)
50 49 | (-55,-38)
82 89 (-83,81)
-3 (-12, 7)
! 2 (-11,22)
60 58 (47, 65)
77 81 (69,57)
78 61 (-78,-59)
. g7 T7 (-95,-74)
a7 13 (-343)
: 87 50 (-78,-31)
25 -20 (-26,21)
. 74 53 (-56,6)
59 8 (44,102)
g 150 98 (91,190)
-11 0 {29,80)
! -16 49 (123,261)

430 470 (243.438)

832 1327 {575,1300)

0 348 {550, 1017)
; 0 151 (364, 662)

22 93 (151, 320)

24 48 (30-11)
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Norske utslipp drivhusgasser — 52,7 MtCO,/ar
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Tingenes tilstand- er vi pa vei mot null?

Million tonn GHGe/ar
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Global total net CO: emissions

Billion tonmes of 0Oy /yr

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050,

Four illustrative model pathways

o ~malsetting 2030
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e Sum ikke CO2
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Kan vi bli klimapositive i Norge?

e Uansett realistisk scenario vil verden trenge massive mengder av klimapositive
l@sninger* som netto fjerner CO, fra atmosfaeren.

e Dette er teknologier og systemer verden ikke har pri dag

e Det er derfor stort behov for forskning og utvikling pa slike I@sninger, vi har ingen
FoU eller naeringsagenda for dette

e Hvordan kan Norge posisjonere seg pa dette omradet?
e Behov for dette pa hjemmebane
e Bane vei for global utbredelse
* Teknologiutvikling og naeringsutvikling

e Hvilke unike lgsninger kan Norge bringe til torgs

* Ogsa kalt karbonnegative Igsninger

SINTEF



Ulike teknologier som per | dag er omtalt

a Fossil fuel energy

Fossil fuel
emissions

Geological !

€ Carbon capture and storage (CCS)

Fossil fuel
emissions

Geological E

15

b B; € Direct air capture (DAC) f Enhanced weathering
ioenergy

Reaction
with minerals

Capture

Biogenic infrastructure

emissions ,
e A
d Bioenergy + CCS (BECCS) g Afforestation/changed h Ocean fertilization/alkalinization

agricultural practices

Biogenic
emissions

Geological

Smith et. al- Nature 7 Dec 2015 DOI 10.1038/NCLIMATE2870
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Betydelig usikkerhet- kun BECCS kan ~kvantifiseres

NATURE CLIMATE CHANGE Dol: 10.1038/NCLIMATE2870 REVIEW ARTICLE

Table 1| Global impacts of NETSs for the average needed global C removals per year in 2100 in 2°C-consistent scenarios
(430-480ppm scenario category; Supplementary Table 3).

NET Global Cremoval Mean (max.) Estimated energy Mean (max.) Nutrientimpact Albedo impact Investment needs
(GtCeqyrin land requirement requirement water requirement (kt Nyr'in in 2100 (BECCS for electricity/
2100) (Mhain 2100) (EJyr'in2100) (km*yr'in2100) 2100) biofuel; US$ yr'in 2050)
BECCS 3.3 380-700 =170 720 Variable Variable 138 billion /123 billion
DAC 33 Very low (unless 156 10-300 None None >>BECCS
solarPVis used
for energy)
EW*  0.201.0) 2(10) 46 0.3(1.5) None None >BECCS
AR* 11(3.3) 320(970) Very low 370 (1,040) 2.2(16.8) Negative, or <<BECCS
reduced GHG
benefit where not
negative

*NETs with lower maximum potential than the BECCS emission requirement of 3.3 Gt Ceq per year in 2100; their mean (and maximum) potential is given along with their impacts (see Supplementary Methods).
Wide ranges exist for most impacts, but for simplicity and to allow comparison between NETs (sign and order of magnitude), mean values are presented. See main text and Supplementary Methods for full details.
PV, photovoltaic.

Norge : 12Mha EU :160Mha SINTEF

Skogareal: Russland :814 Mha Verden :3900 Mha
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Wind and solar costs continue to plummet

Wind and solar PV average LCOEs and auction results by commissioning date

- o —
Tre hovedutfordringer .

LI
e

’ Competitive auctions combine technology incentives with ultra low cost of capital.

e Ressurstilgang/skala - eks arealbruk- konkurranse med mat/fritid/transport,..

e Kostnader- for enkelte tech ma vi gjgre tilsvarende som er gjort for vind og sol

 Tilgjengelige verktgy- ikke uttemt pr | dag

SINTEF
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De gode spgrsmalene

e Er det mulig a utvikle teknologiske Igsninger som kan netto fjerne CO, (evt
andre GHG) fra atmosfaeren slik at man kan na Paris avtalens malsettinger

om netto null i 2050
e Skala (opp til flere Gtonn/ar)

Baerekraftig (ikke forarsake andre irreversible endringer, etisk, SDG compliant)

@konomisk realiserbart

Teknisk giennomfgrbart inkludert ressurser, materialer,..

Tidsnok til 3 bety en forskjell

e Hva kan vaere Norges rolle i a utvikle slike Igsninger

e Naturlige fortrinn

e Kunnskap og ekspertise

SINTEF
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Oppsummering

* Vi er sent ute

e Vi ma ta ibruk alle teknologier

o Alt tyder pa at vi trenger klimapositive tiltak
* Vitrenger en forskningsagenda for dette

e Det er ikke kostbart

"De dyreste klimatiltakene er de vi ikke realiserer™

SINTEF
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Teknologi for et bedre samfunn
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