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Kampen mot karbonet

NTVA-seminar Oslo 24.0ctober 2018
Professor Johan E. Hustad, Director NTNU Energy

NTNU - Trondheim
Norwegian University of

Science and Technology
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 Hvor mye mindre CO2 kan vi slippe ut?

Fossil fuel and industry @ AFOLU

Billian tannes CO, per year (GHCO fyr)
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P2: Ascenaria with a broad focus on
suistainablity including enesgy

P4: Aresource- and energy-intensive

P1: Ascenario inwhich social, :
seenand in which economic growth and |

business and technatogical Innovations

P3: Amiddle-of-the-road scenario in |
which societal as well as technalogical |

¢ result in lower energy demand up to
2050 while living standards rise,

¢ especially in the global South. A
downsized energy system enables

- rapud decarbonization of energy supply.

Afforestation s the only COR option

considerad: nelther fossil fuels with CC5

fir BECCS are used.

intensity, human develapment,
eConoimic convergence and
International cooperation, as well as
chifts towards sustainable and healthy
eonsurmption pattems, low-carbon
technology innovation, and
well-managad land systems with
limited societal acceptability for BECCS.

development fellows historical
patterns, Emisslons reductions are

mainly achieved by changing the way In

which enargy and products are
produced, and to a besser degree by
reductions in demand.

globalization lead to widespread
adoption of greenhouse-gas-intensive
Iifestyles, Including high demand for
transportation fuels and livestock
products. Emissions reductionsare |
mainly achieved through technological |
means, making strong use of COR :
through the deployment of BECCS.



Global carbon dioxide emissions by sector (Gg CO:)

Global carbon dioxide (CO:) emissions, measured in gigagrams of CO: per year.

—— Other sources
— Waste

Residential &
commercial

30 million

—— Transport
25 million

__ Agriculture, Land
Use & Forestry

20 million

15 million

10 million

5 million

0
1990 2010

Source: UN Food and Agricultural Organization (FAQ) OuriWorldinData org/co2-and-other-greenhouse-gas-emissions/ « CC BY-54
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Global electricity generation by source

TWh
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Renewables M. 2018

Change
to 2040

Of which:

Coal

Gas Hydro
Wind
Nuclear Solar

Other
N renewables
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Paris agreement
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Paris er ikke nok. A
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b) Stylized net global CO2 emission pathways
Billion tonnes CO:z per year (GtCO2/yr)

60 -
. CO2 emissions
] decline from 2020
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CO2-handtering status A
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mer enn 220
millioner tonn
CO2 er
allerede
lagret under . '
bakken

Icelend

Russia

Kazskhsten -

G . Ukraine
France® g 3
4 ST A S
‘ Turkey . 3
Ingen enkel ‘
g Algeria Libya Egypt Pakisten
I i i o Saud Arsbia e
historie i _ .
‘ Venezuels
O rg e Colombia '

.....................................

Nigeria

Indonesia Papua New

New
Zealavd
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Leering eller KraeSannding?':
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' «Véiéﬁ:fremvtﬂilﬂa‘ﬁ/ikling av Iagringsteknologi_hér
veert lengre og tyngre og mer kostbar enn det vi
forutsa. Jeg er redd for at Mongstad ikke vil veere et




Europa

* Norge, England og
Nederland eneste med
CCS prosjekter |
Europa na.

« |kke populeerti EU

@ NTNU
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Implementation

ECCSEL
preparatory
phase

Legal & governance
Financing strategy
Infrastructure
development plan
Access Policy & IPR
Communication
Outreach strategy
Business Plan

H2020 Infradev3 Consortium (2015 - 2017)
with 42 research facilities/installations

SEVENTH

OBDECCSEL  wwwe |
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A world-leading partnership
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CO, verdikjede
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© CO, source
(eg- power plant)
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CO2 source
(storage for

pumping)

Pressurization  Supercritical CO2
(+heating) Injection Facility



Fullskala: Karbon fangst og lagring

Det norske fullskalaprosjektet:

Norcem og Fortum Oslo Varme
planlegger a fange

400.000 tonn CO2 e

@ NTNU
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Muligheter: Karbon fangst og lagring "y

. ENERGI
CCS er muliggjgrende for fremtidig norsk utnyttelse av naturgass via hydrogen.
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CO, fangst systemer

Coal
Fost combustion Gag s
Biomass . /’

Alr

RiriC,

Pre combustion

co,
Compressien

Air & Dehydration
Coal o,
Oxyfuel Gas _’[Pow« & Heat
Biomass

Coal

Industrial processes Gas = Process *CO.Sep.
Bomass I' y

Raw material Gas, Ammonia, Steel



Fangstteknologier/prosesser s

Other technologies |

' Non-industrnial CCS
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Energy penalty — Capture options A~
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B CAPTURE OPTIONS

AFTER CAPTURE
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Lagring

Equinors Northern Lights prosjekt

> Smeaheia utgar.
Johansen er det nye
stedet.

» Kan lagre 150
millioner tonn CO2

» Johansen-
formasjonen er vist i
blatt, som omfatter
Trollfeltet

> Utsnitt i lite bilde viser
dybde

> Lys fiolett farge viser
et dyp pa 3.200 meter

@ NTNU
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Lagring — nytt forslag
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Norske aktgrer

ENERGI

Gassnova SF (2007-)

— Climit er et program for forskning, utvikling og demonstrasjon av teknologi for
CO2-handtering i samarbeid med NFR.

— Technology Center Mongstad (TCM DA) er verdens stgrste testsenter for testing
og forbedring av CO2-fangstteknologier

e NTNU, UIiO ++
« SINTEF, IFE +

— >NCCS
» Equinor, Total, Shell, Aker Solutions
« (Gassco
 Norcem
 Fortum Varme
* (Yara)
« Forskningsradet
« OED
o ++
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...... Myteknusing....?

« MYTH #1 - Europe has tried CCS, it failed. It will falil
again.

« MYTH #2 - CCS is about saving the fossil fuels industry.

« MYTH #3 - CCS is not a climate mitigation technology.

« MYTH #4 - CCS is expensive and uncommercial.

« MYTH #5- CCS is unsafe and untested.

« MYTH #6 - There is not enough underground storage
capacity.

 https://www.linkedin.com/pulse/demystifying-carbon-
capture-storage-olav-aamlid-syversen/?published=t
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