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Context

The global energy use is currently dominated by fossil fuels, accounting for over 80% of primary energy
needs (IEA, 2023). Norway is a significant supplier of oil and gas, and therefore contributing to energy
security. 0G21’s in-depth study from 2023 revealed that Norwegian gas plays a critical role in European
energy security, accounting for 25-30% of European gas consumption from now until 2040 (Rystad
Energy, 2023b). In addition to contributing to energy security, oil and gas are essential inputs for vital
products and processes in industries such as fertilizers and petrochemicals.

The Norwegian Offshore Directorate (NOD) estimates that Norway can continue to be a key supplier of
oil and gas in the coming decades. The production level that Norway achieves depends significantly on
exploration, field development, and technology utilization (SD, 2023).

However, to avoid significant consequences from global warming, global greenhouse gas emissions must
decrease. The International Energy Agency (IEA) projects that the world’s energy consumption must
transition to primarily renewable energy (exceeding 80%) by 2050 in their Net-Zero Emission scenario
(IEA, 2023).

The European Union (EU) has set clear targets: 55% reduction in greenhouse gas emissions by 2030, 90%
reduction by 2040, and net-zero emissions by 2050. These goals are supported through legislation and
initiatives such as Fit-for-55, the EU Green Deal, and REPowerEU. Norway has set comparable goals: 55%
reduction by 2030 and becoming a low-emission society by 2050. The petroleum industry aims for a 50%
reduction by 2030 and near-zero emissions by 2050.

The government-appointed Climate Committee states in its report that petroleum is hindering the
Norwegian transition and should be reduced faster than planned (Klimautvalget, 2023). This would align
with the lower curve in the NOD’s production scenarios.

In 0G21’s view, an accelerated phase-out of Norwegian petroleum production could exacerbate energy
challenges for Europe, have significant socioeconomic implications for Norway, and at best, only
marginally impact global greenhouse gas emissions.

0G21 acknowledges that the energy transition is necessary and that greenhouse gas emissions need to
be reduced. The motivation behind this study is to evaluate how Norway through the implementation of
technology and new business models, could reduce NCS GHG emissions to near-zero by 2050, whilst
maintaining the high production scenario as depicted by the Norwegian Offshore Directorate.
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On 0G21:0G21 has its mandate from the Norwegian Ministry of
Energy (MOE). The purpose of 0G21 is to “contribute to efficient and
environmentally friendly value creation from the Norwegian oil and gas
resources through a coordinated engagement of the Norwegian
petroleum cluster within education, research, development,
demonstration and commercialization. 0G21 will inspire the
development and use of better skills and technology”.

0G21 brings together oil companies, universities, research institutes,
suppliers, regulators and public bodies to develop a national petroleum
technology strategy for Norway.

0G21 develops and maintains the technology strategy for the
Norwegian petroleum industry. The OG21 strategy was last updated in
November 2021.




The global energy systems are to transition away from fossil fuels

UNCC warns about global warning and calls for immediate action to .

The IEA scenarios illustrates the challenge (IEA, 2023). In the net-zero-emissions by 2050 scenario (NZE),
reduce GHG emissions.

demand for coal, oil and natural gas would need to drop from today’s close to 80%, to less than 20% of the
s COP28 marked a new milestone, The 198 member states signedlan global total by 2050, if the world is to succeed on reaching the 1.5C target.
agreement to “transitioning away from fossil fuels in energy systems, .

A transition in alignment with the announced pledges scenario (APS), leading to 1.7C warming, would
in a just, orderly and equitable manner”.

require demand for coal, oil and gas to drop to around 40% of the total in 2050.
* The agreement includes among others, and ambition to triple .

In both scenarios, a significant global energy transition needs to take place over the next three decades to
renewable energy capacity by 2030.

curb greenhouse gas emissions.

Countries reach ‘historic’ COP28 deal to
transition from fossil fuels

Revised UN agreement strengthened but alliance of small-island states complains about

DUBAI 2023
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The energy transition has started. Renewables are rapidly expanding, personal
mobility is electrified, but the scale of the transition is huge and will take time

* Renewables share of primary energy use,
excluding hydropower, is accelerating and was in
2022 at 7-8% of the global total
(Energy Institute, 2023).

* The renewables share has doubled every 6 years
since 2010. A tripling of capacity from 2023 to
2030 as UNCC is calling for, seems challenging
but achievable.

Share of global primary energy

The energy transition is also driven by new technology on the
demand side. The electrification of light vehicles is one area where
change is happening at high pace. Electrical and hybrid-electrical
cars has seen an exponential growth. The global stock in 2022 was
25 million vehicles (IEA, 2023b). That is less than 2% of all cars, but
with the current pace, the number of electrical cars could
outnumber ICE cars sometime mid-2030’s.

The growth is especially strong in China, and Chinese EV firms are
also gaining market shares in the rest of the world.
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* Electrification of mobility will likely have a significant
impact on oil demand from 2030 onwards.

* But personal mobility represents only 30% of oil use. Other
transportation such as maritime and aviation will be more
difficult to electrify, and other low-carbon solutions such as
hydrogen/ammonia may be needed. These solutions are
less mature, and the transition may hence take time.

Personal
mobility

Road freight

Aviation

Global demand 2019
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Petrochemicals

Buildings

COther

What oil is used for (0G21, 2021)




Security of supply and affordable energy prices are also important elements
of the energy transition. Norwegian gas plays an important role.

Before the Ukraine war 40% of the natural gas used in ¢
Europe came from Russia. Russia was unsuccessfully
trying to use the energy dependency as leverage to

keep Europe passive in the conflict. Europe responded *

with sanctions on Russia, as well as the REPowerEU
plan to become independent of Russian energy.

*  The conflict resulted in high energy prices in Europe,
which are still significantly higher than the pre-war
level (Rystad Energy, 2024)

Gas prices 2020-2023
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Expensive energy may have killed more
Europeans than covid-19 last winter
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The Russian invasion of Ukraine demonstrates the
importance of energy in geopolitics.

China has over many years built a dominating position in
most green transition value chains, including solar, wind,
batteries, and electric vehicles (Rystad Energy 2023).

The US and the EU are taking action to reduce the China
dependency through policy instruments such as the US
Inflation Reduction Act and the EU Net-zero Industry Act.
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Norway is very important for European energy security, providing
close to 30% of European natural gas demand. Russian gas has
mainly been replaced with LNG in the EU. Norwegian gas is cheaper
and with lower CO2 footprint than LNG. Norway is likely to be EU’s
preferred natural gas supplier well into the 2030’ies.

Green hydrogen plays an important role in EU’s energy transition
plans. It will require vast amounts of green electricity, possibly a lot
more than what is realistic to develop. Blue hydrogen could be an
alternative, which could boost natural gas demand towards 2040
and beyond.

EU27+UK gas sources and gas demand*
Billion cm

Ref: Rystad Energy, 2024
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* All three demand scenarios are based on the UK High Electrification scenario in addition to the respective EU scenario.
Source: Rystad Energy research and analysis; Rystad Energy GasMarketCube



A successful global energy transition will reduce the need for oil, but there will
be demand for oil also after the transition. Continued investments are needed

Even in the IEA Net-zero-scenario, more than 20 million bbl/d of oil will be  Even in the IEA Net-zero-scenario, significant investments will be
needed for petrochemicals, asphalt and other industry uses (IEA, 2024). needed to secure sufficient oil supply (IEA, 2024).

e The IEA NZE scenario illustrates

Other e that oil will be needed even if a
Energy sector own use Additional investment full energy transition is achieved.
W Cars and vans S * Oil is used as feedstock for the
m Buildings petrochemical industry to produce
- Shipping plastics, which ag'ain is used for
| ' numerous essential products for
Trucks Oil supply with no investment : ng our society, e.g.: packaging, digital

) devices, tires and others. They are
W Aviation . .
also used for essential parts in

Other non-enargy use low-carbon energy systems such
W Petrochemical feedstock as wind turbines, batteries,

Bemand €O, emissions thermal insulation and EV parts

(IEA, 2018)
) New conventional oil projects are needed in the APS, but no new projects are approved for e Production from current oil fields
Three-qua development in the NZE Scenario and higher-cost projects are also closed from the 2030s. would decline fast without further

0.8G investments. They would not be

_— o STEPS: Stated policies scenario (2.4C by 2100), APS: Announced pledges scenario (1.7C), NZE: Net- . o
Mote: Other non-energy use includes products not used in energy applications such as paraffin waxes, asphalt zero-emissions by 2050 scenario (1.5C) able to deliver enOUgh oil in 2050
and bitumen. to meet demand, even in the NZE

scenario.
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A successful global energy transition will reduce the need for natural gas, but gas
will still be needed in many industries. Blue hydrogen could increase demand

Global gas demand in 2050 would still be 25% of the current in the It is a strong market for natural gas in Europe after the phase-out of Russian gas. An additional demand for natural gas
Net-zero-emissions scenario (IEA, 2024) is possible if blue hydrogen should be accepted as a solution to meet EU targets for hydrogen production (IOGP, 2024).

W Merchant hydrogen production

Power sector

m Oil and gas extraction
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EUFF55 mix+
RoE electrification +
all H2 from NG

m Other non-energy use

- M Non-metallic minerals

Transport and other own use
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(EU: +122 Bem/a)
Remaining industry

_ B voter

CO; emissions

EU FF55 mix +RoE
EU's FFS55 implies 25 Mt/a H, produced by 2040 HehelecTficaton

* 25 Mt RES H, in EU require 1275 TWh/a power with 485 GW
wind capacity (2.5 times 2022 capacity) = Realistic?

+ 25 Mt low-carbonH, inEU require 122 Becm/a natural gasand
232 Mt/a CO, storage = Possible if incentivized!

Around 920 bem of natural gas demand remains in the NZE Scenario in 2050, 757 lower
than in 2022. The emissions infensity of this gas drops by 85%

Note: The use of natural gas to produce on-site hydrogen is incuded in chemicals and iron and steel.
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

* Final energy output is converted on energy-eguivalence basis, whilst natural gas feedstock requirements i nclude the efficiency differencesbetweentechnologies for each low-arbongas
Source: Rystad Energyresearch and analysis, Rystad Energy GasMarketCube, European Commission, UK Department forBusiness, Energy & Industrial Strategy, | EA, Equinor, TotalEnergies
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The IEA net-zero emissions scenario is only one of many scenarios. We need to

be prepared also for slower transition paths to avoid energy scarcity

Oil demand is uncertain. Scenarios that align with a 2-degree target imply a 2050 demand
of 50-70% of the current. Investments in new field would be required (0G21, 2021)

Significant investments will be needed in all IEA
scenarios to secure oil supply (IEA, 2024)
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Scenarios > 2-degree target
2019-2050 CAGR: 0.4%to -2.1%
Average -0.2%

Scenarios seeking to reach 2-degree target
2019-2050 CAGR: -0.6% to -4.8%
Average: -2.5%
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*Indexed to IEA 2019 levels as different providers define units and markets differently EIA not included as they don't have any updated post-COVID scenaric,

making it less relevant and comparable.
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Oil supply with no investment

New conventional oil projects are needed in the APS, but no new projectfs are approved for
development in the NZE Scenario and higher-cost projects are also closed from the 2030s.

STEPS: Stated policies scenario (2.4C by 2100), APS: Announced pledges scenario
(1.7C), NZE: Net-zero-emissions by 2050 scenario (1.5C)

Large spread in oil demand
scenarios — investments needed
in all scenarios

In the net-zero scenario,
investments are needed in
existing fields and already
approved projects

In most scenarios, investments
would be needed also in
exploration and development of
new fields to meet the global oil
demand.

A robust energy transition
strategy would need to address
the risk of energy scarcity. A
combination of decarbonization
policies to accelerate renewables
and market mechanisms to
outcompete petroleum, appear
more robust than political
decisions to curb petroleum

supply.



Norway has significant oil and gas resources that could be produced given
political and societal support as well as positive market signals

A continued high production from the NCS requires exploration, field development and use of

Only half of the resources on the NCS have been produced (NPD,
technology, which again would require political and societal accept (NPD, 2022)

2022)
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But the societal support is faltering. Half the population wants to continue oil
and gas production. Majority of young people wants to phase it out.

Around 50% of the Norwegian population are of the opinion that in 10-15 years the But the support for the petroleum industry is less among young people. Among those
petroleum industry should be at the same size or bigger than today (Gregersen, 2023) born after 1990 more than 60% believe the petroleum industry should be smaller in
10-15 years than today (Gregersen, 2023)

Folk mener: Oljenzeringen om 10-15 &r - aldersgrupper

mer naermest ditt syn? Om 10 til 15 &r ber olje

Folk mener: Oljenaeringen om 10-15 ar

n ol

Sterst mulig

Starre enn i

Mindre enn i dag

Minst mulig

Starre Mindre

B 1990 eller senere 7 eller tidligere

el i februar-ms 3. 7764 pe
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The Government appointed Climate Committee recommends accelerated phase-out
of O&G production. The report has received criticism in the hearing process, but it is

likely to influence societal and political support

The Climate Committee’s report (2023) recommends strategic decisions for the Norwegian transition to a low-
emission society by 2050. It recommends an accelerated phase-out of the petroleum industry
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* The Climate Committee’s report (2023) recommends among
others:

* The petroleum industry impairs the necessary transition and
should be phased out faster than planned

* Norway needs a strategy for the final phase of the petroleum
era, and no new PDOs/PIOs should be accepted before a
strategy is in place

* No construction of new infrastructure that would give
emissions after 2050. Power from shore to petroleum
installations should be avoided

*  Thereport has received substantial criticism from several
influential stakeholders, e.g. SSB, Offshore Norge and the
Norwegian Offshore Directorate. Comments include (non-
exhaustive list):

* The report does not comply with the mandate or the general
instructions for assessments when recommendations would
give substantial socioeconomic effects

* The committee does not consider the quota market in 2050
as relevant. This is a restriction of the mandate and could
result in non-optimal solutions from a cost/benefit-
perspective

* Only the net-zero-scenario by 2050 is used for the
assessment. Many other O&G-scenarios exist and could
materialize. The approach could lead to non-optimal
allocation of society’s resources and a more than necessary
costly transition.



The EU dependency on Norwegian natural gas is recognized, but long-term

investment signals are vague

EU is critically dependent on imports of fossil fuels. Especially natural gas supply to EU is tight. EU
EU27 energy demand in 2021 (Exajoule). (Rystad Energy, 2024) dependent on Norwegian gas for decades

EU27+UK gas sources and gas demand*
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2025 2027 2029 2031 2033 2035 2037 2039

* All three demand scenarios are based on the UK High Electrification scenario in addition to the respective EU scenario.
Source: Rystad Energy research and analysis; Rystad Energy GasMarketCube

“A key dilemma for investors undertaking large, capital-intensive
gas supply projects is how to reconcile strong near-term demand
growth with uncertain and possibly declining longer-term
demand.” (IEA, 2024)
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But signals from EU to Norway is that natural gas is short-term,
and that long-term needs are green
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European Green Deal: New EU-Norway Green Alliance to deepen
cooperation on climate, environment, energy and clean industry

Press statement, EU President Ursula von der Leyen: “Today, Europe
still needs reliable and affordable supplies of gas to prepare for the
next winter and the next storage filling season. | am particularly happy

that in the years to come, Norway will maintain its high level of gas
supplies and will respond positively to the upcoming tenders. Today,
we add a forward-looking, green chapter to our energy cooperation,
as we are working together towards climate neutrality.”
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A significant continued global demand for oil and gas is still likely. The NCS is
competitive on costs and emissions, but further emission reductions are required

The NCS is competitive on break-even costs, and the production emission intensity is
best-in-class (0G21, 2021)

Nevertheless, the O&G production from the NCS
represents 25% of Norway’s GHG emissions.
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The petroleum industry
contributes with 25% of Norway’s
GHG emissions. Reducing NCS
emissions is necessary for Norway
to meet climate goals set in the
Government’s Climate Action plan.

The petroleum industry in 2019 set
a goal of 40% reductions by 2030,
and to near-zero by 2050.

The 2030 goal was risen to 50%
reductions as part of the
temporary reduced tax
arrangement agreed in the
Parliament in 2020.

Not meeting the goals is associated
with a risk of diminished political
support and societal acceptance.
This could jeopardize future NCS
exploration, field development and
operations.



The national and industry GHG targets focus on production emissions. It is however
in Norway'’s interest to contribute to also reducing emissions from the use of O&G

GHG emissions are split into categories Scope 1, 2 and 3 (DNV, 2022). National and
industry targets focus primarily on Scope 1 emissions

Scope 1 account for less than 20% of

emissions. The use of O&G, Scope 3, stand for

almost 80% (McKinsey, 2020)

Scope 3: Captures all indirect value chain GHG emissions that
are associated with a company’s operations and not captured by
scope 2. This includes both upstream and downstream in the
value chain, with the composition of scope 3 GHG emission
sources varying widely depending on the company in question,
operations, products, services or suppliers.

Scope 2: Captures indirect GHG
emissions from purchased electricity,
heat, cooling and steam. Scope 2
emissions are naturally higher for
companies that require significant
amounts of i.e., electricity to run their
operations
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Meeting the industry’s goal for Scope 1
emissions is important for continued
political and popular support.

However, most GHG emissions occur
when petroleum products are being
combusted.

Producing companies and countries are
increasingly being challenged to take
on responsibility for Scope 3 emissions.

It is therefore in producing companies
and countries best interest to search
for and contribute to solutions to
reduce also Scope 3 emissions.

The 0G21 deep-dive study in 2024
focus on Scope 1 emissions, but with
the understanding that Scope 3 is at
least equally important. Scope 1 and
Scope 3 measures are in many cases
interlinked, e.g. CCS value chains, CO2
offsets, and direct air or water CO2
capture.



Power from shore is by far the most important measure to reduce CO2-
emissions from the NCS oil and gas production

Power from shore is the “go-to” solution for meeting the 2030 goal of 50%

Meeting the 2030 goal of 50% reduction is challenging, but still possible. Many projects in
reduction (Konkraft, 2023)

the screening phase would need to mature fast (Konkraft, 2023)
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g-term work to improve energy efficiency is included in mature but not sanctioned measures.
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A tight power market is predicted as many sectors are being electrified.
Power-from-shore to petroleum installations is being challenged

Norway expected to go from historical power surplus to a tight power market in the
coming years. Electrification of incumbent industries as well as new power-demanding
industries drive demand (Rystad Energy, 2024)

Power from shore to NCS installations is being questioned. Stakeholders
that previously supported power-from shore now ask the petroleum
industry to produce its own power

Base-case power balance, Norway

TWh, demand represented as columns, generation represented as the line Statnett

350

300 Base-case power demand Base-case power production
by segment

250

Datacenter/battery

200

200 215 =
150 ; Electric transport
100 Power intensive
industry
50
General use/losses

2022 2030 2035 2040 2050
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Other low-emission power sources could help on the tight power market and
thus also on the electrification of offshore installations. Costs are an issue

A previous study from 0G21 and DNV pointed to offshore wind and gas power Abatement costs are uncertain and must be evaluated project-by-project. Estimates
with CCS as possible, additional power sources to meet 2030 GHG targets suggest abatement costs North of 2000 NOK/ton CO2 for both offshore wind and gas
(0G21, 2022) power with CCS (0G21, 2022), (MD, 2022)

CO2-abatement costs (NOK/ton)

X OsebergSer

Gas pgwer with CCS Offshore wind (Illustration: Trollwind)
Illustration: Blue Power

Power from Power from Offshore gas Floating wind Power from Power from
shore shore + power hub + offshore  shore (MD, local offshore

(coordinated) floating wind w/ccs power hub 2022) wind (MD,
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Nuclear power has been suggested a solution to the tight energy markets. Can
implementation time and compatibility with the rest of the Norwegian power system be

handled?

In a recent Energi21-workshop, Huseby from IFE discussed
challenges for nuclear power in Norway, and why it would
realistically be challenging to have in place before 2040

In the same workshop, Tomasgard from NTNU, presented
simulations that offered nuclear power only a limited space in
the Norwegian energy system. Wind power is in Tomasgaard’s
view a better fit with the Norwegian hydropower

But the public opinion seems to support nuclear
power in Norway (Opinion, 2023). The
Government has decided to assess its relevance
and applicability

Kjernekraft i Norge — hva ma til?

Legitimitet og tislutning.

Kunnskap og kompetanse
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Nuclear power plays a smaller role in the Nordics
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Should Norway build Nuclear Power?
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Regjeringen vil vurdere hvordan kjernekraft kan passe inn i det norske
kraftsystemet. — Klokt & bidra med kunnskap, sier energiministeren.




In addition to emission-free power, we also need to turn every stone in all disciplines
to find ways to reduce production emissions and maintain high production

The 0G21/DNV-study in 2022 on low-emission technologies looked at opportunities that could be realized by 2030. Many of the
opportunities that were disregarded then may have potential in the longer 2050-perspective

Long-list of decarbonisation measures Short-listed measures to be prioritised

Replacing gas turbines through electrification
; Electrification. Power from shore (coordinated approach)
f Electrification; Power from shore (individual approach)
| * Electrification: Local supply from offshore wind
9 % Gas-fired power hub with CCS
Reducing emissions from the gas turbines % Electrification: Power from shore (individual approach)
Q Compact topside CCS
Hydrogen and hydrogen-derived fuels for power production

;.: Electrification: Power from shore (coordinated approach)

i % Electrification: Local supply from offshore wind

:; (/ Optimized gas turbines: Utilisation Q * Gas-fired power hub with CCS
Increasing the energy efficiency”

7] Energy efficency through reservoir management: Water
management

7 Energy efficiency through reservoir management: Water
management

#‘j Energy efficency through reservoir management: Artificial
inteligence
‘ Energy efficiency through reservoir management: CO2-EOR
/ Optimized gas turbines: Waste heat recovery
v ", Geothermal energy to reduce electrical power demand offshore
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Data science offer great opportunities. How could data science methods be
leveraged to reduce GHG emissions?

Digitalization success require maturity in

organizational capability, data collection and

management, and technology (0G21, 2021)

Significant steps have been taken over the last few years on the
application of Al/ML. Many applications have moved from
concept/pilot-stage to broad deployment

In addition, since 2022 a step-change has happened within
generative Al based on large LLMs that could revolutionize

work processes. Some examples:

B0

o

/OO

s

Organizational capability
@ + Culture and leadership
+ Competence and skills at all levels
+ Collaboration
+ Changes to business models & work

Data

Technology
« Sufficient computational power

processes

Sufficient and relevant data
Readable formats
Without flaws and hidden assumptions

Efficient data preparation
and processing

at reasonable cost
Trusted algorithms / models

IT platform and architecture that
enable efficient scaling
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Value creation

Production optimiz n )
Environmental monitoring

kY

Idea / Pilots &
concept demonstration

Improved oil recovery
Subsea leak detection
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Seismic processing
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deployment

>

Microsoft 365 Copilot

AlphaCode2
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CO2-emissions related to the use of oil and gas are much higher than the production

emissions. It is in Norway’s interest to mature CCS technologies and the related value
chains to help reduce such emissions

Excerpt from the Rystad Energy report (2024) for 0G21 on Norway’s importance for European energy security.

Norway can have an important role in the CCS value chain, enabling a pathway to reach European
emission targets

CCS’role in the future energy system

Slower development of renewables and An integrated natural gas and CCUS Current developments towards CCS in
hydrogen in Europe increases the call for approach is a strong hedge if responsibility industrial clusters in Europe, shows the
carbon capture from emitters in Europe of scope 3 emissions becomes a requirement relevance of CCS in the future energy system

* Renewables development & lagging compared to * Most olland gas companies currently only * Several industrialclusters in Europe are currently

stated targets, while hydrogen development s
challenged by commerciality due to immature
technology and high gas prices.

* Given natural gas’ relevance as a transition fuel
inthe European energy mix, the importance of
carbon capture on flue stacks in industrial
clusters and gas power plants is Increased given
EU’s cimate ambitions.
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indude scope 1 emissions intheir
decarbonization targets.

* Thereisa push to make companies report and

take responsibility of their scopel,2and 3
emissions. If this becomes a requirement, CCUS
in combination with natural gas consumption in
Europe can be an important measure for
companies to reduce scope 3 emissions.

looking towards CCS as the solutionto reduce

emissions. The UK government has ringfenced the

CCS Industry, making carbon storage at the UKCS
available only to domestic emissions up to 2030,

* This leaves an opportunity for Norway as anearly

mover to take benefit and secure imports of
European emissions through developing
infrastructure and offshore storage.
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