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My presentation

 Briefly about SINTEF, and our work for oil and gas
seen from our work with customers outside the oil and gas industry
and our customers within the oil and gas industry

* Need for a more ambitious, bipartisan climate policy
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We support the entire O&G value chain

Exploration

m Basin modelling
m Geophysical monitoring
m Cost-effective drilling and

intervention

Rock physics and rock
mechanics

m Uncertainty in exploration
m Unconventional

resources

Marine structures and
operations

Floating production
systems

m Subseatechnology

Subsea electricity
systems

Multiphase flow
technology

Enhanced recovery

m Well and reservoir

Energy efficiency and
electrification

Automatization, digitalization
and robotization

Drilling discharges and
produced water management

m Oil spill preparedness
m Floating wind energy
m Batteries

Cross disiplinary capabilities:

m Gas processing and LNG

m Hydrogen production and

(@ SINTEF

Late life &
decommissioning

Mid- and
downstream

m Tail end production

m Downstream conversion m Decommissioning

m Risk managementand cyber ® Plug and abandonment
security (P&A)

m CCS ®m Re-use and recycling

m Life of field extension

m Structural lifetime
extension

distribution
Hydrogen market

Material and nano technology — Bio technology — Process technology - Safety — Digitalisation — 3D printing — sustainable field development and operation




We offer critical hardware support,...
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... and just as critical software support

Cyber Security

Increased activity from
cyber-threat actors
targeting oil and gas

/
—
Digitization leads :—:_;':'.'. w—
to increased
exposure to cyber
threats
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We mobilise for change through R&D centers
- " Low emission"”, 8 year center awarded 2019

2030: 40% reduction in emissions of CO2 equivalents

System
integration

Heat & power generation
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Hoping for "Digital subsurface"” from 2020

Artificial
intelligence

From pore to
basin scale

New digital
subsurface
workflows

Geoscience
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Vision: Technology for a better society
Expertise from ocean space to outer space

Health and well-fare

Digitalisation

Smart and
B i secure societies

COMPETITIVENESS Climate, SOCIETAL SOLUTIONS

environment, oceans

Industry and ﬂ-
infrastructure

Work and

roductivit
Food 2 1 Mobility
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Our vision: Technology for a better society
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SUSTAINABILITY SEEN
FROM OUR CUSTOMERS
OUTSIDE THE O&G
INDUSTRY



Companies see threats, but also opportunities in
the megadrivers

— = (Climate

——= Disruptive digital change

—— G@rowing, ageing, more urban population

— = Circular economy
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Companies see climate concerns affecting

politics in new ways

2011 2012 2013 2014 2015 2016 2017 2018 2019

e e o | 7?1 2. Cimate change

™

) 5. The state of Member
States' public finances

2000

Note: Most important issues the EU is facing at the moment.
Source: Eurobarometer; European Political Strategy Centre
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Politics

Von der Leyen Vows $1.1 Trillion Green Deal
in Pitchto EU

By Jonathan Stearns
16 July 2019, 09:34 CEST Updated on 16 July 2019, 14:06 CEST

» Merkel ally addresses EU Parliament in Strasbourg before vote

o Py . Watch L ™V >
» Christian Democrat appeals to assembly for cross-party support prpen

Listen to Live Radio >
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Companies see a shift in their risk picture

FINANCIAL TIMES 2019 looks as if it will be the year when
environmental, social and governance considerations are moving out of a
specialised niche into the mainstream. Financiers and chief executives are

realising that it can sometimes be more costly to ignore ESG issues.

,/4,',",‘.‘\;. Institute for Energy Economics
sy« and Financial Analysis
%’ IEEFA.org
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Hurdles to U.S. Coal Industry’s Recovery: Markets,
Interest Rates, and the Court of Public Opinion

aomoen
F edia:

rom Argus M

Recovering US thermal and coki oal market conditions in the secon El
bolstered investor sentiment, , but producers ma y still have limited o) ptions for financin g this
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Companies see science prescribing deep 1 o
shifts in all industries L ®

Global total net CO2 emissions

illion tonnegs of CO,/yr

Reduce
> emissions

Net zero
CO, emissions

. Remove
CO, from
atmosphere

@ SINTEF
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Companies position for huge growth in
renewable electrification

Statkraft vant anbud pa
vindpark i Brasil - skal investere
g : Solar Grid Edge Storage Wind Trending Podcasts Downloads 1 fem mllllarder kroner

. . Det er en milepael for norsk fornybar-satsing internasjonalt, sier
Shell Buys Floating Wind Developer Eolfi |

konsernsjef Christian Rynning-Tennesen.
The acquisition gives Shell a second floating wind pilot project and a portfolio of legacy solar and onshor © 1min Publisert: 221019—1904 Oppdatert. 17 dager siden
i P
wind assets. e

=

JOHN PARNELL NOVEMBER 05, 2019

Freyr vil bygge batterifabrikk til
40 milliarder i Mo i Rana

Freyrs industrieventyr kan bety 2.500 nye arbeidsplasser i regionen, men avhenger av
vindkraft. Naturvernere og samer er skeptiske

- tian Rynnine-Toennesen, konsernsief i Statkraft, sie ket oF epa! rek fornybarsatsing i utlandet. (Foto- E
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Towards zero emission transportation

El- og hydrogenlastebiler Solkraft Nzer 100 % av nye personbile

konkurransedyktige storste energikilde og 60% av nye tyngre kjoreta) n el @
med diesel gar pa el og H,
qu AR Ha STATIONS
) ) (o) (o) lllustrasjon: NEL

— 2019 s

Globale energitrender
og norske muligheter |

Statkrafts Lavutslippsscenario

| Gass N Qe Kiernehraft W Vannaraft o Be W Arnen foemytar Vindnraft Scikraft
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Industries form strategies for net zero,
and a few for net negative emissions

(’::) Norsk Industri ; 18
20062016 ql) 6
C'-)" 1
O
S €14
c
(o] < .
- Referansebane: Utslipp uten tiltak ikl hyd'ogen og
5 12 . Andre tiltak 1%
5 2050: AN it ton €02
=10
8 2050: CCS 5,5 mill. tonn CO,
2050 p-:
8 BIO’naSse So y
M ras
Stoff 3 1 h
4 L mijy tonn
2050: Utslipp -1,2 mill. tonn CO. 205p. Bj 2
2 °CCs 3
CO:
0
VEIKART FOR PROSESSINDUSTRIEN -2
: o 2015 2020 2025 2030 2035 2040 2045 2050
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Renewable hydrogen for fertilizer

Yara and Nel collaborate to produce
carbon free hydrogen for fertilizer

production

&

YARA

Knowledge grows

nel:
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Renewable hydrogen for refining

s

Brussels/Cologne, June 25th, 2019

Construction starts on the world’s largest hydrogen plant at Shell’s
Rheinland Refinery

Ground-breaking ceremony for a new hydrogen electrolysis plant at the Shell Rheinland refinery in
Wesseling, Germany, that will help contribute to a cleaner, lower-carbon energy future.

The tofal investment is at 16 million euros, of which the European Fuel Cell Hydrogen Joint
Undertaking contributes 10 million euros, 6 million euros will be contributed by the REFHYNE
consortium with Shell. [TM Power. SINTEF. thinksteo and Element Enerav.

SINTEF



CCS for emission free concrete

NORCEM

VARE PRODUKTER  KUNDESENTER ~ MILJ®@ OG BAREKRAFT ~KARBONFANGST DOKUMENTS@K OMNORCEM  KONTAKT
HEIDELBERGCEMENT Group

Hjem ; CO2-fangst er ngkkelen til karbonnaytral betong

14. mars 2018

CO2-fangst er ngkkelen fil karbonngyiral
betong
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A new market for
climate adaptation

ANNUAL REPORT 2014

Kﬁnstig intelligens inntar

£ = arkitektkontorene
) - .
IMA
2050 —




O&G; an amazing
competence bank for
sustainable growth

24

-
"
ok
"
H

<,
i

i,

o
et

% ™ ';\-\ i

R EENPEES

[ o
s
v
SF
I.l'
y
- _.:'

"
3,
R

R
*@l&*%{x
PR

e
e
R
S
S

P
R,
i

M
o

"
W

SINTEF




SUSTAINABILITY AND
OUR CUSTOMERS
IN THE O&G INDUSTRY
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ero emission competition

in all markets

Norway

Gas ' ? oil
114 Sm3 G . 113 Sm?

0.e. \Q 0.e.

271 mrd. NO 267 mrd. NOK
- 2018)
Cool 42 % i ! L

29 % «— —> b5 %"’“"

poue Ag\ 26 Y% «— — 13 % —
3% . 8% BEQ
o

- 13% Other
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™
2050
Technology enabling 40% Move towards zero
reduction in CO2 eq. emissions emission technology

All of this without jeopardizing the
industry's competitiveness

hoto: Equinor

_ SINTEF NTNU
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DRESSING EMISSIONS FROM ALL
ANGLES

Mix of Technology Solutions with Emission Reduction Potential:

7

5-10%

1% (on existing vessels)
10% (potential on fuel switch)

40-80% N & 9
e 40-80% ' 1-100%

10-20% Technology X

* 40-80%

5-10%

* 40-80%
EMISSION

SINTEF NTNU



Adressing customer emissions

Norway
Gas @ oil
114 Sm? 0/0"0 113 Sm?
____o.e. 0 o.e.

267 mrd. NOK
ase (2018) (2018)
Hydrogen =) s

with CCS
attractive in
all customer
segments
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A (too) slow transition.
World energy mix is the same as 50yrs ago!

Figure 6. World total primary energy supply by fuel

1971 2017
Other
Biofuels Hydro Biofuels reon.
11% 2% 10% 2

Hydro

2%

Nuclear
1%

Nuclear
5% g

5 519 Mtoe 13 972 Mtoe

Source: |IEA World SINTEF
energy balances 2019



Hydrogen with CCS is faster to cut emissions

400

. 2016 M H, from electrolyser H, from natural gas with CCS
£ @ Renewables @ Nuclear @® Fossil
£ 300
2
;i 230 Sources: IRENA REmap
= case for 2030 and
+ <U0 the decarbonised
= scenarios from "A
§ 150 Clean Planet for All"
= for 2050
=, 100
o

o0 2050
0 [— @ SINTEF
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CO2 intensity of hydrogen based on source
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CCS is key to competitivenes,
and to solve climate change

AEIDELBERGCEMENT

Seven European firms to join Equinor’s
Northern Lights project in Norway

By NS Energy Staff Writer 06 Sep 2019

CLEAN TECHNOLOGY CARBON CAPTURE PROJECTS AND TECHNOLOGY

[he Northern Lights project, located offshore Norway, is being developed by oil and gas giants Equinor, Shell a
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I Offshore Wind

ﬁ&B— -*- =11 Outlook 2019




Call for a "Norwegian Green Deal"?
...R&D key enabler

St.meld. nr. 34

(2006-2007)

Norsk klimapolitikk

Ap vil brenne av

klimamilliarder - lover a ikke
oke skattene for vanlige folk

Ap-leder Jonas Gahr Stere vil brenne av flere milliarder kroner pa nye klimatiltak
og foreslar a lage en Nordsjg-plan.
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Teknologi for et bedre samfunn



